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Diet-related behaviors affecting health and substance use
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Unhealthy diet-related behaviors and poor diet quality
during childhood and adolescence are the main factors
contributing to noncommunicable diseases such as obesity,
dyslipidemia, diabetes, hypertension, and cardiometabolic
syndrome. Unhealthy diet-related behaviors can become
lifelong habits associated with mental health problems, in-
cluding depression, anxiety, attention deficit hyperactivity
disorder, and substance abuse issues such as smoking,
drinking, and other chemical compounds. Children and
adolescents are in the developmental stages of brain struc-
ture, function, and neurotransmission systems, which can
make them more susceptible to substance abuse (tobacco,
alcohol, and drugs). Thus, mental health problems and sub-
stance use in children and adolescents may originate from
unhealthy diet-related behaviors and poor diet quality. Here
we reviewed the impact of diet-related behaviors and diet
quality on children's and adolescents' physical and mental
health and substance use by scrutinizing the 2021 Korean
Youth Risk Behavior Survey (54,848 participants) and
other relevant studies.
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Key message

- Diet behaviors in children and adolescents are influenced by
environmental and sociocultural factors.

- Unhealthy diet behaviors and poor diet quality are the main
contributing factors to noncommunicable diseases and mental
health problems during childhood and adolescence.

- Smoking and alcohol drinking in children and adolescents
may be associated with unhealthy diet behavior or poor diet

quality.

Introduction

Childhood and adolescence are periods of rapid growth
and development; therefore, an individual's health may be
compromised if the large amounts of energy and nutrients
required to fulfill their physiological requirements are not
received. Healthy diet-related behaviors and good diet
quality positively impact the physical functioning, mental
health, emotional regulation, and academic performance of
children and adolescents."?

Children and adolescents are vulnerable to social influ-
ences in that their dietary habits are strongly influenced by
sociocultural as well as emotional and behavioral factors.>®
Adolescence is often marked by a change in diet patterns,
including skipping meals, frequent snacking, and consuming
large amounts of unhealthy foods.” Diet culture is a global
trend in which Westernized fast foods like hamburgers are
common. The recent popularity of tanghuru, a traditional
Chinese snack of several rock sugar-coated fruits, among
children and adolescents in Korea is a typical case. In fact,
unhealthy diet-related behaviors cultivated during childhood
and adolescence can last a lifetime.?

Diet-related problems can lead to obesity, increased car-
diometabolic risk, impaired cognition, and poor academic
performance,’? all of which are also linked to mental health
problems.”® In addition to poor diet quality and a lack of
physical activity, substance abuse (i.e., smoking, drinking,
and other drugs) further aggravates this circumstance.”

Since 2012, the Korea Disease Control and Prevention
Agency has conducted the Korean Youth Risk Behavior
Survey (KYRBS) among middle and high schoolers. The
KYRBS includes questions about diet-related behavior
and diet quality, physical activity, smoking, drinking, and
mental health.!” We reviewed the literature on the impact
of diet-related behavior and diet quality on the physical
and mental health of and substance use among children
and adolescents by examining data from the 2021 KYRBS
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Graphical abstract. Association among unhealthy diet-related behaviors, poor diet quality, and physical and mental health
problems and substance abuse. Unhealthy diet-related behaviors and poor diet quality during childhood and adolescence are
the main factors contributing to noncommunicable diseases and mental health problems. The inflammatory response caused
by unhealthy eating habits or poor diet quality is a suggested cause of physical and mental health problems. Childhood and
adolescence are strongly influenced by the environment and sociocultural, emotional, and behavioral factors of dietary habits.
This situation is significantly aggravated by substance abuse including smoking, drinking, and drugs.

Table 1. Prevalence of unhealthy diet-related behaviors among adolescents by region

Unhealthy diet behaviors Africa America Eastern Mediterranean South-East Asia Western Pacific
Consuming fruit less than once a day 36.5% 34.7% 36.6% 45.3% 36.8%
Vegetable consumption less than once a day 29.3% 28.4% 29.7% 29.8% 26.7%
Daily soft drink intake 47.8% 62.7% 41.5% 37.2% 45.9%
Weekly fast-food intake 52.3% 58.4% 63.4% 58.3% 55.3%

Adapted from Shawon et al. Nature 2023;13:21894.""

(54,848 participants) and other relevant studies.

Unhealthy diet-related behavior and poor diet
quality in children and adolescents

Diet-related behavior is characterized as an eating-related
habit or pattern. A healthy or high-quality diet includes a
higher intake of fruits, vegetables, fish, whole grains, and
other foods that are beneficial to one's health.’ Unhealthy
diet-related behaviors include eating calorically dense foods
with low nutrients, skipping meals (mainly breakfast), and
using restrictive diets to lose weight, which can lead to nut:
rient deficiencies and health problems (Table 1).¥ A poor diet
quality refers to the consumption of insufficient amounts of
fish, fruits, and vegetables and high amounts of fast food,
processed foods, and soft drinks (sweetened beverages).?

Unhealthy diet-related behavior and poor diet quality
are associated with a number of mental health concerns in
children and adolescents.” Five key dietary recommenda-
tions for mental health have been established®: (1) following
"traditional" dietary patterns, such as the Mediterranean,
Norwegian, or Japanese diet; (2) increasing the consumption

of fruits, vegetables, legumes, whole-grain cereals, nuts,
and seeds; (3) consuming large amounts of foods rich in
omega-3 polyunsaturated fatty acids; (4) replacing unhealthy
foods with wholesome and nutritious foods; and (5) limiting
the intake of processed foods, fast foods, commercial bakery
goods, and sweets.?

According to the Global School-Based Health Survey
of the adolescents of 61 countries, 37% consumed fruits
less than once a day, 28.5% consumed vegetables less than
once a day, 50% consumed soft drinks daily, and 57.4% con-
sumed fast food weekly (Table 1)."? However, the above
study included the South-East Asian region of Bangladesh,
Indonesia, Maldives, Nepal, Sri Lanka, and Thailand,"™ and
did not include data from Korea, Japan, or China. In a meta-
analysis of the overall and regional pooled prevalence of
psychological distress and unhealthy diet-related behaviors
among 222,401 adolescents across countries and regions,
the prevalence of psychological distress was 17.9%, and it
was associated with inadequate fruit intake (pooled ad-
justed odds ratio [aOR], 1.19; 95% confidence interval [CI],
13.17-1.23), inadequate vegetable intake (pooled aOR, 1.19;
95% CI, 1.16—1.22), daily consumption of soft drinks (pooled
aOR,1.14; 95% CI, 1.12-1.17), and weekly consumption of
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fast food (pooled aOR,1.12; 95% CI, 1.09—-1.15). The authors
suggested that adolescents experiencing psychological di-
stress were more likely to have unhealthy dietary habits.'?
The 2021 KYRBS'? assessed unhealthy diet-related be-
haviors, such as skipping breakfast 5 or more days a week,
eating fast food 3 or more times a week, consuming sweet
ened drinks 3 or more times a week (Table 2). Of the stu-
dents, 38.0% skipped breakfast 5 or more days a week
(36.1% of middle schoolers, 40.1% of high schoolers); 26.2%
ate fast food 3 or more times a week (24.1% were middle
schoolers, 28.3% were high schoolers); and 48.3% consumed
sweetened drinks 3 or more times a week (43.5% of middle
schoolers, 53.4% of high schoolers). The high consumption
rate of sweetened drinks among middle and high schoolers
in Korea is similar to that of Australian children and adole-
scents, the highest consumers of ultra-processed foods such
as confectionaries, savory snacks, fast food dishes, mass-
produced packaged bread, frozen and readymade meals,
juices, and soft drinks (53.1% and 54.1%, respectively).'?

Obesity

Obesity is a global challenge against children’s health with
increasing prevalence and morbidity."® The issues caused
by a poor diet among the United States child population
include obesity, dyslipidemia, insulin resistance, high blood
pressure, pulmonary disorders, dental caries, and anemia.'¥
The 2021 KYRBS!? reported that the obesity rate was 13.5%
of all students, 12.1% of middle schoolers, and 15.0% of
high schoolers, with an increasing trend among the latter.
The rates of overweight were 9.9%, 10.2%, and 9.6% for all,
middle school, and high school students, respectively. The
increasing trend of obesity and overweight among students
might be related to unhealthy diet-related behaviors, in-
cluding eating fast food 3 or more times a week and con-
suming sweetened drinks 3 or more times a week.?

Diet quality and inflammatory responses

Diet quality plays a significant role in exacerbating or al-
leviating low-grade inflammation.' It is well-known that

chronic sustained low-grade inflammation promotes the
release of a multitude of inflammatory mediators and cyto-
kines, predisposing the individual to insulin resistance,
dyslipidemia, and other metabolic dysregulations.’® More-
over, chronic low-grade inflammation contributes to the
pathogenesis of mental health disorders (co- and multimor-
bid situations) of children and adolescents.'> An unhealthy
diet-related behavior or poor diet quality was associated
with decreased health-related quality of life among child-
ren and adolescents.) Previous studies demonstrated that
adolescents experiencing psychological distress tend to
gravitate toward unhealthy or suboptimal dietary habits.!”
18 Nevertheless, such relationships can be complex to under-
stand and potentially bidirectional.'®

A systematic review of studies highlighted that inflamma-
tory biomarkers are associated with dietary patterns, food
types, and nutrients in children and adolescents aged
2-19 years; Mediterranean dietary patterns (vegetables
and fruits, which are rich in fiber, vitamin C, and vitamin
E) were associated with lower levels of proinflammatory
biomarkers (C-reactive protein, interleukin-6, and tumor
necrosis factor-a), whereas Western dietary patterns (con-
taining added sugars and saturated fatty acids and ultra-
processed foods) were associated with higher inflammatory
biomarker levels.' Recent studies indicated dietary patterns
as predictors of mental health problems and higher body
weights among adolescents, suggesting inflammation as a
critical pathway in this relationship (graphical abstract).'
However, few studies investigated diet quality and its
relationship with inflammatory responses in children and
adolescents. Table 3 shows recent observational studies of
the association between the Mediterranean diet and in-
flammatory responses in children and adolescents.?02>
Five studies showed a lower inflammatory response in the
blood with a Mediterranean diet,2%>?22 while another of
people with type 1 diabetes showed no difference.?”

Mental health

Diet quality is associated with mental health conditions
such as depression and anxiety across countries and cul-
tures.” Poor nutrition may impair an individual's rapidly

Table 2. Unhealthy diet-related behaviors among middle and high schoolers in South Korea

Unhealthy diet behaviors

Middle school students

High school students

Skipping breakfast 5 or more days a week

Eating fast food 3 or more times per week

Consuming sweetened drinks 3 or more times per week
Consuming fruit less than once a day

Soda consumption 3 or more times per week

36.1% 40.1%
24.1% 28.3%
43.5% 53.4%
78.8% 85.1%
32.5% 36.4%

Adapted from Korea Disease Control and Prevention Agency. 2021 Korea Youth Risk Behavior Web-based Survey (The 2021 KYRBS).'”
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Table 3. Observational studies of association between Mediterranean diet and inflammatory responses in children and adolescents

Study No. of study populations

Biologic markers of
inflammation

Findings

Agostinis-Sobrinho et al.,
2019%

Liese etal., 2018%"

1,462 (625 girls) aged 9-18 years  hs-CRP

1,281 Aged 6-19 years with type
1 diabetes

Arouca et al., 2018% 464 Aged 13-17 years

De Carvalho etal., 2018% 242 (137 females) aged 12.5 to

17.5years

Douros et al., 2019* 70 (44 asthmatic and 26 healthy)

aged 5-15 years

Karampolaetal., 2019 142 (age- and gender-matched hs-CRP
13.441.46 years) divided 2

groups

CRP, fibrinogen, IL-6

IL-1,IL-2, IL-6 and TNF-a

IL-4,1L-33, and IL-17

The adherence to Mediterranean diet is associated with
lower hs-CRP.

Biomarkers of inflammation in youth with T1D may not be
directly influenced by dietary intake

IL-1,IL-2, IL-4, IL-5, IL-6, IL-10,  Some specific food-inflammation associations were found,
TNF-a, white blood cells,
lymphocytes, CRP

suggesting that diet is to a certain extent already related to
inflammation in adolescents and can be used in disease
prevention.

Adherence to the Mediterranean Diet may counteract the
effect of stress on inflammatory biomarkers which may
contribute to decreasing the risk of future mental health.

Mediterranean diet can modulate the production of some of
the main inflammatory mediators of asthma, in asthmatic
children.

Comparing the 3 groups (obese, overweight, and controls),
we found statistically significant differences for food
constituents but not for hs-CRP serum levels.

hs-CRP, high-sensitivity C-reactive protein; T1D, type 1 iabetes Mellitus; IL, interleukin; TNF, tumor necrosis factor; CRP, C-reactive protein.

Diet
High sugar
Refined flour
Saturated fats
Red and processed meats

Activate inflammation

Bipolar disorder
Sleep disorders

Bidirectional effect

5- to 13-year follow-up

Chronic inflammation

Activation of hypothalamus-
pituitary-adrenal axis

/

immune system

’ Negative effects on brain
structures such as the

hippocampus, amygdala, and
prefrontal cortex

Increased sensitivity
of glucocorticoid

receptors

Prolonged the secretion of

cortisol

Fig. 1. Suggested role of dietary inflammation in mental health problems. A diet high in sugar, refined
flour, saturated fats, and red processed meat contributes to inflammation. Low-grade chronic inflamma-
tion and immune system activation with prolonged exposure to an unhealthy diet may play a role in the
development of neuropsychiatric disorders. Elevated levels of pro-inflammatory cytokines (C-reactive
protein, interleukin-6, and tumor necrosis factor-a) are activated by prolonged cortisol secretion, both
directly by stimulation of the hypothalamic-pituitary-adrenal axis and indirectly by increased sensitivity of
glucocorticoid receptors. Increased levels of inflammatory cytokines affect brain structures such as the
hippocampus, amygdala, and prefrontal cortex. These relationships can be complex and are potentially

bidirectional.

developing brain and cognitive function, and a low-quality
diet may deteriorate a child's academic achievement.?®
Meanwhile, a high-quality diet is associated with improved
mental health among children and adolescents.?” Diet qu-
ality differs considerably among adults with depression and
controls.?® The symptoms of depression and fatigue are
associated with increased inflammation of the immune and
nervous systems, and both depression and chronic stress
involve persistent activation of the hypothalamic-pituitary-
adrenal axis (Fig. 1).>>%¥ Proinflammatory cytokines such

as interleukins and tumor necrosis factor-a appear to be dri-
ving this activation via the prolonged secretion of cortisol.
This can have profound negative effects on brain structures
such as the hippocampus, amygdala, and prefrontal cortex
(Fig. D.»?

Most mental disorders begin early in life but are not de-
tected until later in life. Self-harm and suicide are primary
cause of deaths among young people.” Therefore, the
onset patterns of psychiatric disorders should be identified
during childhood and adolescence.’” Depression affects
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74% of adolescents aged 10-14 years globally.” A recent
Australian cross-sectional study reported that 10—14-year-
olds with a less healthy diet according to the Australian
Dietary Guidelines were at increased risk of developing
depressive symptoms.®? A cross-sectional study of about
3,000 adolescents aged 11-14 years in the United Kingdom
found a close relationship between the intake of unhealthy
foods and mental health symptoms on the Strengths and
Difficulties Questionnaire.*® The Childhood to Adolescence
Transition Study in Australia of 787 children aged 8—9 years
indicated that an overall good-quality diet is related to more
positive mental health in preadolescents.® Diet quality was
significantly associated with children's mental health (beta=
-0.11; 95% CI, -0.18 to 0.04; P=0.004).® The 2021 KYRBS
reported'” that 25.9% of middle school students and 27.7%
of high school students experienced depression. However,
no studies have examined the association between depres-
sion and diet quality among children and adolescents in
Korea.

A systematic review of studies of diet-related behaviors
and mental health published between 1978 and 2017
identified that healthy dietary patterns and food quality
positively impact mental health.” The ingestion of several
healthy foods, such as olive oil, fish, nuts, legumes, dairy
products, fruits, and vegetables, is inversely associated with
the risk of depression and associated symptoms.” Adverse
food patterns such as a poor appetite, skipping meals, and
a dominant desire for sweet foods are prerequisites and
main causes of depression.”) However, little is known about
problems such as anxiety, eating disorders, school ab-
sences, poor academic performance, physical symptoms, or
behavioral problems.>*39

Attention deficit hyperactivity disorder (ADHD) is sig:
nificantly associated with poor diet quality, a low physical
activity level, and increased time spent playing video games
or watching television. Children who reported feeling
"worried, sad, or unhappy" and experiencing "pain or dis-
comfort” were more likely to have mental health problems
and an ADHD diagnosis.*® A cohort study of 1,352 students
of 10—11-year-olds in Alberta, Canada, who were followed
from birth to 2012 showed that 8.3% were diagnosed with
ADHD.? Of the 4,875 students in the Canadian province of
Nova Scotia, 9.7% of those aged 10/11-18 years had ADHD.?”
The diagnosis of ADHD was significantly less common
among students with better diet quality, higher physical
activity levels, and spending less time on computers and
video games (P<0.05).*” A longitudinal study in Canada
showed that poor diet quality and a low physical activity
level among students in grade 5 were associated with in-
creased diagnoses of both internalizing disorders and ADHD
during childhood.’® In Korea, an unhealthy diet pattern,
characterized as a diet high in sugar, salt, and saturated and

total fat but low in whole grains, fish, fruits, and vegetables,
was associated with increased ADHD symptoms.®®

Smoking, drinking, and drug use

Adolescents, whose brain and neurotransmission systems
are under development, are more susceptible to abuse when
exposed to substances such as alcohol and drugs (Fig. 2).>”
Exposure to drugs such as cannabis, opioids, cocaine, and
amphetamines is likely to affect their cognitive function,
neurotransmitter systems, and gene expression.*” Smoking
in adolescents is correlated with depression and other
mental health problems, alcohol use, disconnectedness
from school or family, communication problems with pa-
rents, poor school performance, and peer smoking.*” Thus,
smoking is associated with unhealthy diet quality, mental
health problems, and poor school performance. Adoles:
cents who start smoking out of curiosity but become ad-
dicted have higher levels of nicotine-induced pleasure or
nicotine dependence than adults.*) According to the 2021
KYRBS,'? the lifetime smoking experience rate was 14.9%,
current smoking rate was 6.7%, and daily smoking rate was
3.2%; the mean age at which they started smoking was 12.8
years. Early smoking experiences influence suicide attempts
among Korean adolescent smokers.*? In Korea, the Ministry
for Health and Welfare, the Ministry of Education has
provided anti-smoking programs to educate students since
2015.4¥ In 2020, the government launched a new no-smoking
campaign named No-Dam Sapiens*¥ to show that young
people who do not smoke are healthy and fabulous. With

Initial substance use during adolescents
(exposure to early life)

‘ Exposure dose & pattern

Decision making and reward processing

Delay-discontinuing
Response inhibition
Impulsivity
Sensation-seeking

-

Fig. 2. Consequences of adolescent substance use. Adolescents are
vulnerable to the detrimental effects of alcohol and other drugs. The
prefrontal cortex is involved in both decision making and reward
processing, and unique changes in this brain region that occur
during adolescence are discussed in terms of their role in mediating
addiction.
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this no-smoking campaign,***¥ the smoking rates among
middle schoolers (1.9%) and high schoolers (7.2%) in Korea
were not as high'® as the global youth smoking rate of
34.8%.%)

In Korea, the Ministry of Education, Ministry for Health
and Welfare, Ministry of Gender Equality and Family has
also provided educational programs to prevent youth drin-
king, but a majority (90%) of them focused on prohibiting
alcohol sales to youth while other prevention activities were
rare.*® In 2021 KYRBS,'? 2.1% of the students responded
that they drank alcohol 5 or more days to the point of blacking
out or not remembering during the previous 30 days. Cur-
rent drinking was reported by 5.6% of middle schoolers and
16.0% of high schoolers, while binge drinking was reported
by 45.5% of all students, 30.3% of middle schoolers, and
51.0% of high schoolers.’” It is difficult to distinguish the
effects of substances such as e-cigarettes and cannabis
from the effects of alcohol on adolescents’ drinking, It is
important to understand the impact of alcohol exposure
and drinking patterns on adolescents to help us further
investigate drug use among Korea's youth.*”

According to a survey by the Ministry for Consumer
Affairs in Korea, 60.6% of middle and high schoolers have
consumed energy drinks; of them, 25% increased their
consumption during specific periods like exams.*® Among
the high schoolers, 6.4% (more girls than boys) reported
having used diet products.*® The main motive for using
such drugs is to lose weight or improve one's appearance,
but 62.6% reported taking drugs to improve sexual perfor-
mance.*® The 2020 Drug Crime White Paper of the Supreme
Prosecutors' Office in Korea published an increase in the
number of young drug offenders under 19 years of age.*”

There have been cases of the illegal administration and
distribution of fentanyl patches among teenagers. In 2020,
there were 313 drug offenders under 19 years of age, an in-
crease of 31.0% from 2019 and 158.7% from 2016.*” Adoles-
cents are exposed to drugs through social media and the
Internet (dark web), where they encounter advertisements
for drugs. Drugs are inexpensive, and there are cases of
their smuggling through overseas jobs and sale through
messenger chat applications. Drugs are then easily accessed
through social networks or the Internet.*” The increase in
drug use among youth is associated with juvenile delin-
quency and crime, presumably because delinquent youths
have greater access to drugs and are more likely to commit
crimes while under their influence. Drug and alcohol use
are highly associated with suicide, with the former being a
more significant risk factor than the latter.

Conclusion

Unhealthy diet-related behaviors or poor diet quality
during childhood and adolescence are the main factors con-
tributing to noncommunicable diseases and mental health
problems via increased inflammatory responses (graphical
abstract). Unhealthy diet-related behaviors can become
lifelong habits, which can be associated with mental health
problems as well as issues with smoking, drinking, and
substance abuse. Biologically, the adolescent brain is not yet
fully mature; therefore, exposure to nicotine, alcohol, and
drugs can lead to withdrawal symptoms and dependence,”
making prevention programs very important. Diet-related
mental health problems, such as depression and ADHD,
can be reduced with healthy eating patterns, and a healthy
diet quality can lead to body image confidence. Therefore,
it is essential to actively educate adolescents about healthy
eating, engaging in regular and sufficient exercise, and
reducing sedentary behaviors.®”

For children’s and adolescents' physical and mental health,
the distribution of diet-related behavior and diet quality
should be evaluated annually; these data will aid the design
of healthy diet-related behavior programs. Further studies
are needed to investigate the impact of diet-related behavior
and physical activity on children and adolescents in Korea
with mental and physical problems, substance abuse, or
addiction.
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