
Introduction 

The consumption of highly caffeinated beverages (HCBs), often referred to as “energy drinks,” 
is an issue of growing concern [1]. Although HCBs are advertised as providing various benefits, 
such as improved energy and performance, they may cause respiratory disorders, seizures, and 
insomnia [2]. Despite these health risks, caffeine is one of the most widely used psychoactive 
substances in the world [3], including in South Korea (hereafter, Korea) [4,5]. Caffeine consumption 
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ABSTRACT

Objectives: The purposes of this study were to (1) examine the multi-year prevalence of highly 
caffeinated beverage (HCB) consumption, (2) identify sex differences in the prevalence, and 
(3) investigate relationships between HCB consumption and behavioral characteristics in a 
nationally representative sample of Korean adolescents. 
Methods: Data from the Korea Youth Risk Behavior Web-based Survey (2014–2017) were analyzed. 
Results: HCB consumption was higher in 2017 than 2014 (23.9% vs. 12.0%), and higher among 
boys than girls (17.2% vs. 13.1%). HCB drinkers were more likely to (1) be boys, (2) be overweight 
or obese, (3) use alcohol and tobacco, (4) consume soda at least once per week, (5) consume 
sweetened beverages at least once per week, (6) have seriously considered suicide during the 
past 12 months, and (7) have attempted suicide during the past 12 months (p < 0.05 for all). 
Conclusion: Effective programs to curb HCB consumption among Korean adolescents need to 
be established. 

Keywords: Adolescent; Behavior; Beverages; Caffeine  

pISSN 2210-9099 eISSN 2233-6052
https://doi.org/10.24171/j.phrp.2021.0013

Osong Public Health Res Perspect 2021;12(6):374-384

Original Article

© 2021 Korea Disease Control and Prevention Agency. 
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

374 https://ophrp.org

http://orcid.org/0000-0002-6434-6989
http://orcid.org/0000-0002-2850-7239
http://orcid.org/0000-0001-9351-1958
http://orcid.org/0000-0002-5607-5736
http://orcid.org/0000-0002-8082-9833
http://orcid.org/0000-0002-3803-5095
http://orcid.org/0000-0001-8240-7602
http://crossmark.crossref.org/dialog/?doi=10.24171/j.phrp.2021.0013&domain=pdf&date_stamp=2021-12-28


has steadily grown in Korea [4,5]. The majority of HCBs 
available today first entered the Korean market in 2010 
[4,5], and according to a 2013 estimate, HCBs have since 
grown to an industry worth approximately 90 million United 
States dollars (USD) [5]. One study found that Koreans 
consume an estimated 67.8 to 102.6 mg of caffeine per day 
from all food sources [6], but that study used data from 
before HCBs became popular in Korea. The prevalence of 
coffee consumption was reported to be 52.3% [7], but the 
prevalence of HCB consumption remains unclear despite 
these products’ popularity in Korea. 

Adolescents are vulnerable to HCB abuse, as HCBs are 
readily accessible, relatively inexpensive, and have a sweet 
flavor that is more appealing to younger consumers than 
coffee [1,8]. Adolescents who consume HCBs may be at 
higher risk of caffeine intoxication than adults [9]. Korean 
adolescents may be particularly vulnerable to HCB abuse 
and caffeine intoxication, as many rely on HCBs to stay 
awake or focus on studying [10]. The Korean government 
attempted to limit adolescents’ caffeine intake by restricting 
advertisements, requiring warning labels, and banning the 
sale of HCBs on school grounds [11]. However, the effectiveness 
of those policies remains unclear, as no studies to date have 
examined changes in Korean adolescents’ HCB consumption 
over multiple years. 

Past studies [12,13] found that Korean adolescents who 
consumed HCBs were at greater risk of stress, anxiety, 
and depression. Unlike the psychological health problems 
associated with HCB consumption, relatively little attention 
has been given thus far to the relationship between HCB 
consumption and behavioral factors (e.g., physical activity, 
sleep, suicidal behavior, and alcohol and tabaco use). 
Furthermore, the data on sex differences in the multi-year 
prevalence of HCB consumption are sparse, and little is known 
about the multi-year prevalence of HCB consumption among 
Korean adolescents. The purposes of this study were to (1) 
examine the multi-year prevalence of HCB consumption from 
2014 to 2017, (2) identify, if any, sex differences in the multi-
year prevalence, and (3) investigate relationships between 
HCB consumption and behavioral characteristics using a 
nationally representative sample of Korean adolescents. 

Materials and Methods 

Survey and Participants 
Since 2005 the Korea Youth Risk Behavior Web-based 
Survey (KYRBS) has been conducted by the Korea Centers 
for Disease Control and Prevention (now known as the Korea 
Disease Control and Prevention Agency) every year. Because 
the KYRBS has collected HCB-related information since 2014, 

we combined 4 data sets of KYRBS from 2014 to 2017. The 
KYRBS uses a self-administered questionnaire and 2-stage 
sampling. In the first stage, each school (including middle 
and high schools) was selected as a primary sampling unit 
(PSU). In the second stage, a classroom of each grade was 
chosen within a PSU using the systematic sampling method. 
The probability of selection was 14% of total middle and 
high schools and 2% of total students [14]. The KYRBS team 
obtained online consent from all participants. This research 
received Institutional Review Board approval from Touro 
University (IRB No: PH0219). 

This data set includes a representative sample of middle 
and high school students in Korea (n = 267,907) from the 
following years: (1) 2014 (n = 72,060; 97.2% response rate); (2) 
2015 (n = 68,043; 96.7% response rate); (3) 2016 (n = 65,528; 
96.4% response rate); and (4) 2017 (n = 62,276; 95.8% response 
rate) [14]. The exclusion criteria were (1) students needing 
special education services or (2) students with reading 
difficulties. 

Independent Variables 
The school level of participants was grouped into middle and 
high school. Students responded to academic achievement 
with 5 options, and we combined these options into 3 
responses: (1) low (i.e., low or middle-low), (2) middle, and (3) 
high (i.e., high or middle-high) [15]. The household income 
of each student was provided using 5 options, which we 
combined into 3 levels: (1) low (i.e., very low or low), (2) middle, 
and (3) high (i.e., very high or high) [15].  

Participants provided information on their weekly 
expenditures with 6 options, from 0 ≤10,000 Korean won (KRW) 
(equivalent to 0 ≤USD 8.92) to ≥150,000 KRW (USD 133.80) 
and regrouped into 3 levels: (1) <50,000 KRW (equivalent to 
<USD 44.66), (2) 50,000 to 99,999 KRW (USD 44.66–89.32), 
and (3) ≥ 100,000 KRW ( ≥ USD 89.33). The education level of 
their parents was divided into 3 groups: ≤ middle school; high 
school; and ≥ college. 

Self-reported weight and height were used for the assessment 
of body mass index (BMI), which was calculated as weight  
in kilograms divided by height in meters squared. We used  
the 2017 Korean National Growth Chart sex-specific BMI-for-
age percentile cutoffs. The nutritional status of participants 
were grouped into 4 levels: (1) underweight (BMI < 5th 
percentile), (2) normal weight (5th ≤ BMI < 85th percentile), 
(3) overweight (85th ≤ BMI < 95th percentile), and (4) obese 
(BMI ≥ 95th percentile) [16]. 

Weekly exercise for ≥ 60 minutes was originally answered 
with 8 options from 0 to 7 days for the last 7 days. We regrouped 
these responses into 3 categories: (1) none, (2) 1 to 2 days, and  
(3) ≥3 days [15]. The responses for weekly vigorous exercise 
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for ≥ 20 minutes were originally categorized into 6 groups. 
We recoded them into 3 levels: (1) none, (2) 1 to 2 days, and (3) 
≥ 3 days. Tobacco use of participants during their lifetime 
was dichotomized as “never” versus “ever.” 

The National Sleep Foundation recommends that adolescents 
sleep for 8 to 10 hours per night [17]. We dichotomized participants 
as meeting or not meeting this recommendation. Participants 
described whether they felt fatigue relief after sleep with 5 
options, from “not enough at all” to “more than enough.” We 
recoded these responses into 3 groups: (1) “not enough/not 
enough at all,” (2) “fair,” and (3) “more than enough/enough.” 
The following information of participants was dichotomized 
as “no” or “yes”: (1) having seriously considered suicide during 
the last year and (2) having attempted suicide during the last 
year. 

Alcohol use of participants during their lifetime was assessed 
to compare users with nonusers. Weekly intake frequency of 
soda and sweetened beverages (excluding soda and HCBs)  
was categorized into 7 options, from never to ≥3 times per day 
for the last 7 days. We recoded them into 3 groups: (1) 0 times, 
(2) 1 to 2 times, and (3) ≥ 3 times per week. 

Dependent Variable 
Information on HCB consumption was elicited by the following 
question, “During the past 7 days, how frequently did you drink 
highly caffeinated beverages?” with 7 levels: (1) never, (2) 1 to  
2 times per week, (3) 3 to 4 times per week, (4) 5 to 6 times 
per week, (5) 1 time per day, (6) 2 times per day, and (7) 3 times 
or more per day. Using these responses, we dichotomized 
participants into HCB drinkers and HCB nondrinkers. 

Statistical Analysis 
We implemented the Cramer V test to examine the statistical 
significance of differences in behavioral characteristics 
between HCB drinkers and nondrinkers. We calculated 
the prevalence of HCB intake from 2014 to 2017 with 95% 
confidence intervals. Graphical plots were created by survey 
year and sex. We performed multiple logistic regression to 
examine behavioral factors associated with HCB intake with 
adjustment for school year, household income of family 
level, weekly expenditure, and academic achievement based 
on previous studies [18–20]. We conducted a complete case 
analysis except all records with any missing information on 
the variables of our interest. We used STATA ver. 14 (STATA 
Press, College Station, TX, USA) for statistical analyses, and 
took the sample weights into consideration by using the svy 
command for the complex survey design.  

Results 

The final data set included 267,907 middle and high school 
students. Their mean age was 15.0 years (standard deviation, 
1.7 years) and 51.2% of them were boys. Among the male 
participants, 17.2% were HCB drinkers (Table 1). Merely 24.1%  
of male participants met the daily recommendation of 8 to 
10 hour sleep duration. Male participants had the highest 
proportion of normal weight (72.7%), followed by obesity (10.2%), 
overweight (8.7%), and underweight (8.4%). Negligible 
associations were found between HCB consumption and 
the independent variables. However, HCB consumption was 
weakly associated with soda intake (Cramer V = 0.190) and 
sweetened beverage intake (Cramer V = 0.155) (Table 1). 

Among female participants, only 13.1% were HCB drinkers 
(Table 2). The majority of female participants (87.3%) did not 
meet the daily recommendation of sleep duration (8 to 10  
hours per night). More than three-fourths of female participants 
were in the normal weight category (78.8%), followed by 
overweight (8.5%), obesity (6.4%), and underweight (6.3%).  
The magnitude of the associations between HCB consumption 
and the independent variables was negligible. However, 
there were weak associations between HCB consumption 
and soda consumption (Cramer V = 0.148) and sweetened 
beverage consumption (Cramer V = 0.144) (Table 2). 

Among the total participants, the prevalence of HCB 
consumption was 1.8%p higher in 2016 (13.8%) than in 
2014 (12.0%) (Figure 1). The prevalence increased by 10.1%p 
between 2016 (13.8%) and 2017 (23.9%). This gap was 
considerably higher for male participants (11.7%p compared 
with female participants (8.5%p) in this short time period. 
In 2017, HCB consumption was more prevalent in male 
participants (26.7%) than in female participants (20.9%). 

In the overall sample, higher odds of HCB consumption 
were related to male sex, overweight or obesity, alcohol 
consumption, and tobacco use (p <0.05 for all) (Table 3). 
Moreover, HCB consumption showed significantly relationships 
with (1) > 60 minutes of physical activity 1 to 2 days per week, 
(2) > 1 time per week of soda consumption, (3) > 1 time per 
week of sweetened baverage consumption (p < 0.05 for all), (4) 
feeling less than enough fatigue relief after sleep, (5) having 
seriously considered suicide during the last 12 months, and (6) 
having attempted suicide during the last 12 months (p < 0.05 
for all). Lower odds of HCB consumption were associated 
with high school maternal education level and underweight 
(p < 0.05 for both). 

Among male participants, HCB drinkers were more likely 
to be obese, drink alcohol, and use tobacco (p < 0.05 for all).  
Additionally, higher odds of HCB consumption were associated 
with (1) ≥ 60 minutes of physical activity 1 to 2 days per week, 
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Table 1. Characteristics of boys by highly caffeinated beverage consumption, Korea Youth Risk Behavior Web-based 
Survey 2014–2017

Characteristic
Total  

(n = 137,101)  
(%)

Drinker  
(n = 23,600)  

(%)

Nondrinker  
(n = 113,501)  

(%)

Effect  
size

a) p

School type
 Middle school 46.6 43.8 47.2 0.026 < 0.001
 High school 53.4 56.2 52.8
Academic achievement
 Low 34.0 38.6 33.1 0.045 < 0.001
 Middle 27.3 26.2 27.5
 High 38.7 35.2 39.5
Household income
 Low 16.0 17.3 15.7 0.026 < 0.001
 Middle 44.6 41.9 45.2
 High 39.4 40.9 39.1
Weekly expenditure
  < 50,000 KRW ( < USD 44.66) 85.1 78.8 86.4 0.087 < 0.001
 50,000–99,999 KRW (USD 44.66–89.32) 9.8 12.7 9.2
  ≥ 100,000 KRW ( ≥ USD 89.33) 5.1 8.5 4.4
Paternal education
  ≤ Middle school 3.0 3.4 2.9 0.013 0.001
 High school 33.4 32.4 33.6
  ≥ College 63.7 64.2 63.5
Maternal education
  ≤ Middle school 2.4 2.7 2.3 0.015 < 0.001
 High school 41.1 39.7 41.4
  ≥ College 56.5 57.6 56.3
BMIb)

 Underweight 8.4 8.0 8.5 0.019 < 0.001
 Normal weight 72.7 72.1 72.8
 Overweight 8.7 8.8 8.6
 Obese 10.2 11,1 10.0
Alcohol use
 Never 54.4 45.9 56.1 0.077 < 0.001
 Ever 45.6 54.1 43.9
Tobacco use
 Never 75.9 68.7 77.4 0.076 < 0.001
 Ever 24.1 31.3 22.6
Weekly physical activity for ≥ 60 min
 None 27.4 24.5 28.0 0.030 < 0.001
 1–2 days 30.1 31.6 29.8
  ≥ 3 days 42.5 43.9 42.2

Weekly vigorous exercise for ≥ 20 min
 None 14.0 12.5 14.3 0.021 < 0.001
 1–2 days 36.4 36.3 36.4
  ≥ 3 days 49.6 51.2 49.3
Weekly frequency of soda consumption
 0 times 18.4 8.3 20.5 0.190 < 0.001
 1–2 times 46.7 38.0 48.5
  ≥ 3 times 34.9 53.8 31.0

(Continued to the next page)
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Characteristic
Total  

(n = 137,101)  
(%)

Drinker  
(n = 23,600)  

(%)

Nondrinker  
(n = 113,501)  

(%)

Effect  
size

a) p

Weekly frequency of sweetened beverage consumption
 0 times 14.4 6.0 16.2 0.155 < 0.001
 1–2 times 40.8 33.7 42.3
  ≥ 3 times 44.8 60.4 41.6
Meeting sleep duration recommendations (8–10 h)
 Not met 75.9 78.5 75.4 0.028 < 0.001
 Met 24.1 21.5 24.7
Feeling fatigue relief after sleep
 Not enough/not enough at all 34.8 40.8 33.5 0.060 < 0.001
 Fair 33.2 31.8 33.4
 Very enough/enough 32.1 27.5 33.1
Seriously considered suicide during last 12 mo
 No 90.1 85.3 91.1 0.073 < 0.001
 Yes 9.9 14.7 8.9
Suicide attempt during last 12 mo
 No 97.9 95.7 98.4 0.072 < 0.001
 Yes 2.1 4.3 1.6

Use of weighted data with adjustment for the complex survey design. The percentages may not add to 100 because of rounding errors.
KRW, Korean won; USD, United States dollar; BMI, body mass index.
a)Phi effect sizes were considered negligible if < 0.1, weak if between 0.1 and < 0.2, moderate if between 0.2 and < 0.4, and strong if ≥ 0.4. b)Underweight 
(BMI < 5th percentile), normal weight (5th percentile ≤ BMI < 85th percentile), overweight (85th percentile ≤ BMI < 95th percentile), and obese (BMI ≥ 95th 
percentile).

Table 1. Continued

(2) ≥ 20 minutes of vigorous exercise ≥ 3 days per week, 
(3) ≥ 1 time per week of soda consumption, (4) > 1 time per 
week of sweetened beverage consumption, (5) not meeting 
the recommendation for an 8–10 hour sleep duration, (6) 
insufficient fatigue relief after sleep, (7) having seriously 
considered suicide during the last 12 months, and (8) having 
attempted suicide during the last 12 months (p < 0.05 for 
all). Lower odds of HCB consumption were correlated with 
underweight (p < 0.05 for all). 

Among female HCB drinkers,  higher odds of HCB 
consumption were related to being obese, drinking alcohol, 
and using tobacco (p <0.05 for all). In girls, HCB consumption 
was correlated with (1) > 60 minutes of physical activity 1 to 2 
days per week, (2) > 1 time per week of soda consumption, 
(3) > 1 time per week of sweetened beverage consumption, 
(4) insufficient fatigue relief after sleep, (5) having seriously 
considered suicide during the last 12 months, and (6) having 
attempted suicide during the last 12 months (p < 0.05 for all). 
Lower odds of HCB consumption were correlated with high 
school maternal education (p < 0.05) (Table 3). 

Discussion 

The current study examined the multi-year prevalence 

of HCB consumption from 2014 to 2017 in a nationally 
representative sample of adolescents in Korea. This might 
be the only study to date to explore sex differences in the 
multi-year prevalence of HCB consumption among Korean 
adolescents. Moreover, this might be among the first studies 
to investigate associations between HCB consumption and 
behavioral factors using the multi-year KYRBS data. This 
study revealed that more male participants consumed HCB 
than female participants. HCB consumption was related 
to unhealthy behaviors (e.g., alcohol intake, tobacco use, 
sweetened beverage consumption, and insufficient sleep) 
and mental health problems (e.g., considering or attempting 
suicide). We identified that HCB intake was associated 
with simultaneous health risk behaviors and problems. 
Therefore, we need to intervene on HCB consumption and 
concurrent multiple health risk behaviors and problems 
together, especially targeting Korean male adolescents. 

Overall, the HCB consumption prevalence was higher in 
boys than in girls (17.2% vs. 13.1%), which aligns with prior 
research findings [13,21]. In 2017, the HCB consumption 
prevalence was 26.7% for boys and 20.9% for girls. These 
rates are nearly twice as high as the reported prevalence 
(12.2%) in a previous study of Korean adolescents in both 
boys and girls in 2015 [13]. The present study found a rapid 
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Table 2. Characteristics of girls by highly caffeinated beverage consumption, Korea Youth Risk Behavior Web-based 
Survey 2014–2017

Characteristic
Total  

(n = 130,806)  
(%)

Drinker  
(n = 17,014)  

(%)

Nondrinker  
(n = 113,792)  

(%)

Effect  
size

a) p

School type
 Middle school 46.6 45.6 46.8 0.008 0.090
 High school 53.4 54.4 53.3
Academic achievement
 Low 33.5 38.6 32.7 0.042 < 0.001
 Middle 29.4 28.0 29.6
 High 37.1 33.4 37.7
Household income
 Low 16.5 17.9 16.3 0.025 < 0.001
 Middle 49.6 46.4 50.1
 High 33.9 35.7 33.6
Weekly expenditure
  < 50,000 KRW ( < USD 44.66) 86.5 82.2 87.2 0.053 < 0.001
 50,000–99,999 KRW (USD 44.66–89.32) 10.0 12.4 9.6
  ≥ 100,000 KRW ( ≥ USD 89.33) 3.5 5.5 3.2
Paternal education
  ≤ Middle school 2.7 3.2 2.7 0.012 0.004
 High school 35.3 34.6 35.3
  ≥ College 62.0 62.1 62.0
Maternal education
  ≤ Middle school 2.5 3.0 2.5 0.018 < 0.001
 High school 44.8 42.7 45.1
  ≥ College 52.7 54.3 52.5
BMIb)

 Underweight 6.3 6.0 6.4 0.016 < 0.001
 Normal weight 78.8 77.7 78.9
 Overweight 8.5 9.1 8.4
 Obese 6.4 7.3 6.3
Alcohol use
 Never 64.6 56.4 65.8 0.066 < 0.001
 Ever 35.4 43.6 34.2
Tobacco use
 Never 91.6 86.9 92.2 0.064 < 0.001
 Ever 8.4 13.1 7.8
Weekly physical activity for ≥ 60 min
 None 44.6 41.5 45.1 0.024 < 0.001
 1–2 days 33.9 35.8 33.7
  ≥ 3 days 21.5 22.7 21.3

Weekly vigorous exercise for ≥ 20 min
 None 34.1 32.1 34.4 0.016 < 0.001
 1–2 days 41.5 42.8 41.4
  ≥ 3 days 24.3 25.1 24.2
Weekly frequency of soda consumption
 0 times 29.3 17.8 31.0 0.148 < 0.001
 1–2 times 48.9 45.5 49.4
  ≥ 3 times 21.8 36.7 19.6

(Continued to the next page)
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Characteristic
Total  

(n = 130,806)  
(%)

Drinker  
(n = 17,014)  

(%)

Nondrinker  
(n = 113,792)  

(%)

Effect  
size

a) p

Weekly frequency of sweetened beverage consumption
 0 times 16.1 7.7 17.4 0.144 < 0.001
 1–2 times 45.0 36.1 46.3
  ≥ 3 times 38.9 56.3 36.3
Meeting sleep duration recommendations (8–10 h)
 Not met 87.3 88.1 87.1 0.010 0.004
 Met 12.7 11.9 12.9
Feeling fatigue relief after sleep
 Not enough/not enough at all 48.2 55.6 47.1 0.059 < 0.001
 Fair 31.6 28.6 32.1
 Very enough/enough 20.1 15.9 20.8
Seriously considered suicide during last 12 mo
 No 85.2 78.3 86.2 0.075 < 0.001
 Yes 14.8 21.8 13.8
Suicide attempt during last 12 mo
 No 96.9 93.8 97.3 0.067 < 0.001
 Yes 3.1 6.2 2.7

Use of weighted data with adjustment for the complex survey design. The percentages may not add to 100 because of rounding errors.
KRW, Korean won; USD, United States dollar; BMI, body mass index.
a)Phi effect sizes were considered negligible if < 0.1, weak if between 0.1 and < 0.2, moderate if between 0.2 and < 0.4, and strong if ≥ 0.4. b)Underweight 
(BMI < 5th percentile), normal weight (5th percentile ≤ BMI < 85th percentile), overweight (85th percentile ≤ BMI < 95th percentile), and obese (BMI ≥ 95th 
percentile).

Table 2. Continued

(13.8% to 23.9%) rise in HCB consumption from 2016 to 2017, 
despite governmental policies to limit access to HCBs for 
adolescents [11] in Korea. Although it remains necessary 
to perform a longitudinal analysis that compares HCB use 
before and after policy implementation and evaluates 
the effectiveness of the government policies, the present 
study indicates that overall, current policies to reduce HCB 
consumption of Korean adolescents are not as efficacious 
as initially anticipated. The government of Korea should 
consider enforcing tougher policies that would reduce HCB 
use among adolescents since HCBs are likely to be even 
more popular in the adolescent population. Considering the 
higher rate of HCB consumption in boys than girls, there is 
an urgent need to develop sex-specific programs to curb 
HCB use, especially in boys. 

For both sexes, HCB drinkers had higher odds of alcohol 
and tobacco use than HCB nondrinkers. This result is in 
accord with the previous literature [19,22], which has shown 
that adolescents mix HCBs with alcohol and that this risky 
behavior is related to other unhealthy behaviors (e.g., higher 
alcohol consumption, drunk driving, and unprotected sex). 
HCB drinkers had higher odds of feeling unrested after 
sleep and having suicidal thoughts and suicide attempts. 
Furthermore, more HCB users than nonusers did not meet 

the recommended sleep duration in boys (78.5% vs. 75.4%), but 
this trend was not found in girls. However, the magnitude 
of the association was negligible. This result aligns with 
prior research, which has found a relationship between HCB 
consumption and shorter sleep duration among adolescents  
[21]. The present study found that HCB use was related to 
suicidal behavior. Given that suicide remains the leading 
cause of death among Korean adolescents [23], it is important 
for middle and high schools in Korea to identify effective 
strategies to address the early stages of HCB use among 
students. Additional research is needed to determine causal 
links between HCB consumption and sleep quality and sleep 
duration among adolescents. 

In both sexes, HCB drinkers had higher odds of (1) being 
obese, (2) drinking soda at least once a week, and (3) drinking 
sweetened beverages at least once a week. These findings 
are consistent with previous evidence that the sugar content 
and the resulting sweet flavor are associated with HCB 
consumption [24,25]. Those findings also suggest that for 
adolescents who consume HCBs, the sugar content and 
its subsequent impact on weight may mask any weight-
loss effect expected from the caffeine content [26]. Thus, 
HCB abuse should be considered a vital determinant of  
obesity as well as caffeine abuse. Since the transition 
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Figure 1. Prevalence (%) of highly caffeinated drink consumption by survey year among all participants (n = 267,907), 
using weighted data for the complex survey design.

from adolescence to adulthood is a stage of particular risk 
for obesity and weight gain [22], health professionals in 
middle and high schools should develop health education 
programs. These programs should help their students 
become aware of the health effects of HCB consumption, 
which may consequently lead to less intake of them. 

The adolescents in this study showed some sex differences 
in the relationship between HCB consumption and vigorous 
exercise. Among boys, in comparison with nondrinkers, 
HCB drinkers had higher odds of reporting ≥ 20 minutes 
of vigorous exercise ≥ 3 days per week. Considering that 
boys expect higher energy and better athletic performance 
from caffeine [27], they may believe that HCBs improve 
their workouts. Consequently, this may result in HCB use 
for vigorous-intensity exercise. An association between 
HCB consumption and vigorous exercise was not found in 
girls. Prior research has shown that girls were less likely to 
use caffeine for athletic performance [27]. Given research 
findings that caffeine may increase blood pressure and 
the risk of myocardial infarction during exercise [28], the 
aforementioned finding of the present study highlights  
the need to develop tailored school-based education 

programs. These programs should focus on discouraging HCB 
consumption and encouraging a healthy diet (e.g., drinking 
water) during workouts especially in boys. 

Another notable finding was that girls with mothers 
having a high school education had lower odds of HCB 
consumption than those with mothers having a middle 
school education or less. Evidence indicates that the maternal 
education level is related to health behaviors of their children 
and that mothers play a vital role in preventing and treating 
obesity in their children [29]. Research has shown that 
mothers with lower education levels make more unhealthy 
foods available at home [29], whereas mothers with higher 
education levels feed their children nutritious foods and 
limit their children’s access to unhealthy foods [30]. The 
result of this study indicates the need for health educators 
in Korea to provide mothers with health education programs 
that help them become aware of the health consequences 
of HCB consumption. Future studies should consider the 
important role that mothers play in reducing HCB consumption, 
and more rigorous experimental studies focusing on this  
topic are needed to establish a causal link between maternal 
education level and HCB use. 
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Table 3. Multiple logistic regression analysis of highly caffeinated beverage consumption, Korea Youth Risk Behavior 
Web-based Survey 2014–2017

Variable All (n = 267,907) Boy (n = 137,101) Girl (n = 130,806)

Sex
 Girl Reference - -
 Boy 1.25 (1.20–1.31)*** - -
Paternal education
  ≤ Middle school Reference Reference Reference
 High school 0.92 (0.83–1.02) 0.92 (0.80–1.06) 0.91 (0.78–1.06)
  ≥ College 0.95 (0.85–1.05) 0.96 (0.84–1.10) 0.93 (0.79–1.09)
Maternal education
  ≤ Middle school Reference Reference Reference
 High school 0.88 (0.79–0.98)* 0.91 (0.79–1.06) 0.84 (0.72–0.98)*
  ≥ College 0.99(0.88–1.10) 1.00 (0.86–1.16) 0.97 (0.83–1.13)
BMIa)

 Underweight 0.90 (0.84–0.96)** 0.90 (0.82–0.98)* 0.91 (0.82–1.00)
 Normal Reference Reference Reference
 Overweight 1.07 (1.01–1.13)* 1.06 (0.98–1.14) 1.09 (1.00–1.18)*
 Obese 1.22 (1.15–1.29)*** 1.21 (1.12–1.30)*** 1.24 (1.13–1.37)***
Alcohol use
 Never Reference Reference Reference
 Ever 1.17 (1.13–1.22)*** 1.16 (1.10–1.22)*** 1.19 (1.13–1.26)***
Tobacco use
 Never Reference Reference Reference
 Ever 1.11 (1.06–1.16)*** 1.10 (1.04–1.16)** 1.11 (1.02–1.21)*
Weekly physical activity for ≥ 60 min
 None Reference Reference Reference
 1–2 days 1.10 (1.06–1.15)*** 1.14 (1.07–1.21)*** 1.08 (1.02–1.14)**
  ≥ 3 days 1.04 (1.00–1.09) 1.06 (1.00–1.12) 1.03 (0.96–1.11)

Weekly vigorous exercise for ≥ 20 min
 None Reference Reference Reference
 1–2 days 1.04 (0.99–1.09) 1.05 (0.97–1.13) 1.04 (0.98–1.10)
  ≥ 3 days 1.05 (1.00–1.11) 1.08 (1.01–1.16)* 1.02 (0.94–1.09)
Weekly frequency of soda consumption
 0 times Reference Reference Reference
 1–2 times 1.41 (1.35–1.48)*** 1.55 (1.44–1.67)*** 1.33 (1.25–1.42)***
  ≥ 3 times 2.32 (2.20–2.44)*** 2.71 (2.51–2.92)*** 1.99 (1.85–2.13)***
Weekly frequency of sweetened beverage consumption
 0 time Reference Reference Reference
 1–2 times 1.61 (1.52–1.71)*** 1.78 (1.63–1.95)*** 1.45 (1.33–1.57)***
  ≥ 3 times 2.35 (2.21–2.49)*** 2.37 (2.17–2.59)*** 2.33 (2.14–2.54)***
Meeting sleep duration recommendations (8–10 h)
 Not met 1.04 (0.99–1.09) 1.06 (1.01–1.13)* 1.01 (0.94–1.09)
 Met Reference Reference Reference
Feeling fatigue relief after sleep
 Not enough/not enough at all 1.22 (1.17–1.28)*** 1.18 (1.12–1.25)*** 1.29 (1.20–1.38)***
 Fair 1.07 (1.02–1.12)** 1.05 (0.99–1.11) 1.11 (1.03–1.19)**
 Very enough/enough Reference Reference Reference
Seriously considered suicide during last 12 mo
 No Reference Reference Reference
 Yes 1.11 (1.05–1.16)*** 1.08 (1.00–1.16)* 1.13 (1.06–1.20)***

(Continued to the next page)
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This study has limitations. First, although efforts were 
made to include and control for known confounders, there 
are unmeasured confounders (e.g., types of HCBs, nutrient 
content of HCBs, and access to HCBs) that could potentially 
influence the association between independent variables 
and HCB consumption. Second, this study used self-reported 
data. Since adolescents have been shown to under-report 
their body weight and over-report their height [31], the 
BMI percentiles computed in this study may have differed 
slightly from those made using direct anthropometric 
measurements. In addition, the study findings might have 
been confounded by unintentional recall bias. Third, this 
study relied on BMI percentiles to assign weight categories. 
Although BMI percentiles are commonly used to predict 
adiposity in children and adolescents, they cannot account 
for individuals’ body composition (e.g., amount of fat mass 
vs. fat-free mass) or fat distribution (e.g., abdominal vs. non-
abdominal fat). Finally, this study was not a longitudinal 
analysis, despite having used multiple years of data. Therefore, 
the numbers reported herein reflect correlation, but not 
necessarily causation. Despite these limitations, this study 
provides data on the prevalence of HCB consumption and its 
behavioral correlates among Korean adolescents. This study 
also found significant growth in HCB consumption between 
2016 and 2017, despite the Korean government’s efforts to 
curb adolescents’ caffeine abuse. New strategies are needed 
to effectively curb HCB consumption among the adolescent 
population. Longitudinal studies are needed to further 
investigate HCB consumption among Korean adolescents. 
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