
Introduction 

Obesity is characterized by excessive accumulation of body fat 
caused by an imbalance in energy intake and expenditure [1]. 
Overweight is defined as a body mass index (BMI) between the 
85th and 95th percentiles in children and adolescents, and obesity 
is defined as a BMI equal to or greater than the 95th percentiles for 
age and sex. Over the past few decades, the prevalence of child-
hood and adolescent obesity has increased [2], and the coronavi-
rus disease 2019 (COVID-19) pandemic has made it worse in Ko-
rea and worldwide [3,4]. According to the Obesity Fact Sheet pub-
lished in 2023 by the Korean Society for the Study of Obesity, the 
prevalence of obesity among children and adolescents has in-
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creased in both boys and girls over the past decade [5]. Between 
2012 and 2021, the prevalence of obesity has increased approxi-
mately 2.5 times in boys (from 10.4% to 25.9%) and 1.4 times in 
girls (from 8.8% to 12.3%). This indicates a trend of a greater in-
crease in obesity prevalence among children and adolescents 
than among adults during the same periods, where the obesity 
rate increased from 30.2% to 38.4% [6]. Obesity in early life is as-
sociated with obesity in adulthood [7]. Compared to children 
and adolescents who are not obese, individuals who are obese 
have an approximately five-fold increased risk of being obese in 
adulthood [8]. 

Childhood and adolescent obesity affects almost all organ sys-
tems, including the endocrine, cardiovascular, gastrointestinal, re-
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productive, nervous, and immune systems (Table 1) [9]. The de-
velopment of serious comorbidities depends not only on the dura-
tion of obesity but also on the age of onset [10]. Cardiometabolic 
comorbidities are common in many adolescents with obesity and 
often start around the onset of puberty [11]. Childhood and ado-
lescent obesity often persists into adulthood, leading to lifelong 
obesity and impacting not only various physical complications but 
also the psychosocial development of children [9]. Childhood and 
adolescent obesity increases the major cardiometabolic morbidity 
and mortality in young adults under 45 years of age, which may 
manifest before the age of 30 years in both sexes [12]. 

This article aimed to comprehensively review the associated co-
morbidities and complications of childhood and adolescent obesi-
ty, emphasizing the significant disease burden it poses and the im-
portance of early therapeutic interventions. 

Endocrine and metabolic complications 

Adipose tissue is an endocrine organ that regulates energy homeo-
stasis. Numerous adipokines and lipokines have been discovered 
[13,14]. The secretion of proinflammatory adipokines such as 

leptin, resistin, and retinol-binding protein 4 is increased under 
metabolic inflammatory conditions, whereas that of anti-inflam-
matory adipokines such as adiponectin and omentin is decreased 
[13]. Chronic mild inflammation in adipose tissue is an important 
risk factor for the development of insulin resistance and type 2 dia-
betes mellitus (T2DM) in individuals who are obese [15]. The age 
at which diabetes mellitus (DM) develops and the degree of obesi-
ty have an inverse linear relationship, and the prevalence of T2DM 
among adolescents increases as obesity severity increases [12,16]. 
Chronic overnutrition triggers uncontrolled inflammatory re-
sponses, leading to metabolic problems such as insulin resistance 
[14]. 

Apart from adipocyte inflammation, it has been reported that 
adipocyte hypertrophy itself is very important for insulin resis-
tance in obesity. Hypertrophic adipocytes with large unilocular lip-
id droplets exhibit impaired insulin-dependent glucose uptake, 
which is linked to defects in glucose transporter type 4 trafficking 
to the plasma membrane [17]. 

Hyperinsulinemia and abnormalities in glycemic homeostasis 
are major characteristics of obesity. In obesity, hyperinsulinemia is 
typically interpreted as a compensatory increase in insulin neces-
sary to achieve biological effects on glucose uptake and maintain 
normal blood glucose levels [9]. 

In Korean adolescents aged 10 to 18 years, the prevalence of im-
paired fasting glucose (IFG, fasting glucose > 100 mg/dL and 
< 125 mg/dL) or DM (DM fasting blood glucose [DMFBG] 
≥ 126 mg/dL) was estimated from the fourth (2007–2009), fifth 
(2010–2012), sixth (2013–2015), and seventh (2016–2018) Ko-
rea National Health and Nutrition Examination Survey (KN-
HANES). The age-adjusted prevalence of IFG and DMFBG in the 
overweight and obesity group ( ≥ 85th percentile or BMI ≥ 25.0 
kg/m2) increased in these years to 8.13, 8.81, 12.75, and 14.75 per 
100 persons, respectively. These values were higher than those in 
the normal-weight group (4.73, 3.83, 9.20, and 10.65 per 100 per-
sons, respectively) [18]. 

In obesity, elevated thyroid-stimulating hormone (TSH) and 
normal thyroid hormone levels are regularly observed as signs of 
disturbed thyroid function [19], and TSH levels normalize when 
weight is lost [9]. Increased TSH levels in children with obesity are 
linked to cardiometabolic markers in childhood and later to coro-
nary heart disease (CHD) [20]. Hypothyroidism causes weight 
gain together with a decrease in basal metabolic rate and thermo-
genesis [21]. 

Cardiovascular comorbidities 

An increase in CHD is linked to higher BMI during childhood 

Table 1. Comorbidities and complications of childhood and adoles-
cent obesity 

Organ system Diseases and affected conditions
Endocrine and metabolic  

complications
Insulin resistance
Type 2 diabetes mellitus
Thyroid dysfunction

Cardiovascular comorbidities Hypertension
Dyslipidemia

Gastrointestinal comorbidities Nonalcoholic fatty liver disease
Gallstones

Growth and puberty  
(reproductive) disturbances

Early puberty
Polycystic ovary syndrome
Gynecomastia
Low fertility

Nervous and psychological  
comorbidities

Cognitive impairment 
Psychosocial interaction
Depression and anxiety
Attention-deficit/hyperactivity disorder

Respiratory comorbidities Asthma
Obstructive sleep apnea

Skeletal comorbidities Abnormal bone content
Fractures
Vitamin D deficiency

Immunologic and autoimmune 
diseases

Chronic low-intensity inflammation
Type 1 diabetes mellitus
Multiple sclerosis
Psoriasis

Cancer Leukemia
Thyroid cancer
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[22]. Global increases in the prevalence of childhood and adoles-
cent overweight and obesity coincide with increases in the preva-
lence of childhood hypertension and early atherosclerosis [23,24]. 
Few longitudinal studies have directly evaluated the relationship 
between childhood obesity and adult cardiovascular disease 
(CVD) because long observation periods are required [25]. How-
ever, there is growing evidence that childhood obesity and associ-
ated metabolic issues can accelerate atherosclerosis, a major cause 
of CVD [3]. Blood pressure and body weight are strongly correlat-
ed, and hypertension is an additional factor contributing to the 
clustering of cardiovascular risk factors for obesity [23]. The risk of 
cardiovascular and metabolic diseases in later life can be consider-
ably decreased by even a small weight loss before the onset of pu-
berty [22,26]. Midlife CHD risk is significantly elevated if obesity 
begins early in life and continues through early childhood until ad-
olescence [11]. The early diagnosis of hypertension and initiation 
of treatment, are critical because the duration of hypertension in-
fluences the risk of end-organ damage [23]. 

In Korean children and adolescents aged 10 to 18 years (data 
from KNHANES 2007–2018), obesity was associated with a sig-
nificantly higher prevalence of metabolic syndrome and car-
diometabolic risk factors [27]. The prevalence of hypertension 
(blood pressure ≥ 95th percentile for sex, age, and height) in nor-
mal weight (BMI < 85th percentile), overweight (BMI ≥ 85th 
percentile and < 95th percentile), class I obesity (BMI ≥ 95th per-
centile and < 120% of 95th percentile), and class II (BMI ≥ 120% 
of 95th percentile and < 140% of 95th percentile, or BMI ≥ 30.0 
kg/m2 and < 35 kg/m2) or III (BMI ≥ 140% of 95th percentile or 
BMI ≥ 35.0 kg/m2) obesity was 4.88%, 10.55%, 13.80%, and 
29.68%, respectively. The prevalence of low high-density lipopro-
tein cholesterol (HDL-C) levels (<40 mg/dL) was 9.54%, 19.29%, 
26.13%, and 41.44%, respectively, and that of high triglyceride 
(TG) levels ( ≥150 mg/dL) was 6.10%, 15.48%, 21.20%, and 
27.80%, respectively. 

After analyzing the four cohorts, the International Childhood 
Cardiovascular Cohort Consortium discovered that children who 
were overweight or obese and continued to be obese as adults had 
a higher chance of developing T2DM, hypertension, carotid ath-
erosclerosis, low HDL-C levels, and high TG levels [26]. Similarly, 
data from KNHANES 2011–2019 showed that among Korean 
youths who were metabolically unhealthy and overweight/obese, 
dysglycemia (48.8%) was the most prevalent cardiometabolic risk 
factor, followed by hypertension (41.5%), low HDL-C levels 
(35.0%), and high TG levels (29.7%) [28]. A high proportion of 
adolescents with metabolic syndrome had elevated waist circum-
ference, BMI, and fasting blood glucose levels [29]. 

Gastrointestinal comorbidities 

When combined with obesity, nonalcoholic fatty liver disease 
(NAFLD) in children and adolescents is estimated to have a preva-
lence of 36.1% [30]. This condition persists into adulthood and 
causes significant hepatic and extrahepatic morbidities [31]. Ear-
ly-onset chronic diseases such as T2DM and NAFLD have been 
observed in children and adolescents who are obese [3,31]. In the 
pediatric population, children and adolescents with obesity who 
have NAFLD are more likely to develop T2DM [9]. According to 
data from KNHANES 2018–2020, during the COVID-19 out-
break, the proportion of participants with abdominal obesity and 
NAFLD increased in the obese group (from 1.68% to 57.82%, 
p= 0.032) but decreased in the normal BMI group (from 0.07% to 
0.00%, p< 0.032) [32]. Recently, it was proposed that the condi-
tion should be renamed and redefined because alcohol consump-
tion is usually not an underlying contributor in children. Metabolic 
dysfunction-associated fatty liver disease has been proposed with 
age-appropriate definitions based on age percentile and sex [33]. 

The prevalence of gallstone disease is higher in adolescents with 
obesity, and the association between obesity and gallstone disease 
is stronger in girls than in boys [34]. 

Growth and puberty (reproductive) 
disturbances 

The linear growth patterns of children with obesity are associated 
with increased linear growth in early childhood, resulting in accel-
erated maturation of the epiphyseal growth plate (EGP) [35]. Adi-
pose tissue secretes many hormones that can directly influence the 
linear growth of the EGP, as well as indirectly through the growth 
hormone-insulin-like growth factor 1 axis. Peak BMI during child-
hood is inversely correlated with pubertal height gain during ado-
lescence [36]. Neuroendocrine processes leading to puberty onset 
may be initiated by the degree of body fat. Children and adoles-
cents who are obese are at risk of early puberty and accelerated lin-
ear growth, which could compromise their potential adult height 
[35]. 

Although excess adiposity during childhood may cause girls to 
reach puberty earlier, this is controversial for boys [37,38]. Studies 
have suggested puberty development in boys with obesity might 
be delayed [39,40], and a meta-analysis indicated no association 
between precocious puberty and an increased risk of obesity in 
boys [41]. However, a recent large-scale cohort study in Denmark 
reported that obesity in boys was associated with early puberty 
[42]. Reduced insulin induction of sex hormone-bound globulin, 
which increases the bioavailability of sex steroids, including estradi-

https://doi.org/10.12701/jyms.2024.00360152

Lee.  The disease burden from pediatric obesity



ol, is linked to peripubertal obesity. Aromatase, which can create 
estrogen from adrenal androgen precursors (e.g., androstenedione) 
is abundant in adipose tissue. In boys who are obese, pubertal de-
velopment may be delayed rather than advanced. Peripubertal girls 
who are obese may also have hyperandrogenemia and a high risk 
of adolescent polycystic ovary syndrome [38]. 

Gynecomastia is common among pubertal boys who are obese. 
The increased aromatization of testosterone to estrogen in adipose 
tissue is thought to cause gynecomastia [9]. 

Obesity reduces fertility in both males and females. The effec-
tiveness of weight loss interventions in weight reduction and im-
provements in reproductive outcomes has been reported in wom-
en and men who are overweight or obese, and experiencing infer-
tility [43]. 

Nervous and psychological comorbidities 

Children with obesity achieved lower educational levels than their 
normal-weight peers, independently of their parents’ socioeco-
nomic status [44]. Childhood obesity also adversely affects pro-
cessing speed, memory, and other cognitive abilities [9]. Some of 
these effects are reversible. Effective treatment of obesity may en-
hance academic performance [44] and bariatric surgery in adults, 
which leads to significant weight loss, may enhance cognitive abili-
ties [45]. 

The stigma associated with weight toward children and adoles-
cents with obesity can negatively impact their quality of life and 
contribute to unhealthy behaviors that can exacerbate obesity, such 
as reduced physical activity, social distancing, and skipping health-
care services. Stigma and weight bias can lead to bullying and 
weight-related teasing, which can have detrimental psychological 
effects on children, including depression, attitude problems such as 
social isolation, eating disorders, reduced their motivation to make 
changes, and reduced physical activities [9,46]. 

Depression and obesity are significantly associated; however, 
contradictory results have been reported [47,48]. A systematic re-
view and meta-analysis of longitudinal studies found that 40% of 
adolescents with obesity had a higher risk of depression and 70% 
of adolescents with depression had a higher risk of obesity [49]. 
According to a meta-analysis involving 51,272 participants, chil-
dren and adolescents with obesity have a higher risk of depression 
and depressive symptoms [50]. A recent systematic review and 
meta-analysis showed a positive correlation between childhood 
and adolescent obesity and the risk of body dissatisfaction and low 
self-esteem. However, no correlation was found between over-
weight/obesity and the risk of depression or anxiety [51]. 

There are similar neural pathways between obesity and atten-

tion-deficit/hyperactivity disorder (ADHD), including the hypo-
thalamic, executive, and reward centers [52]. The prevalence of 
ADHD was significantly higher in children who were overweight 
or obese than in those who were normal weight or underweight 
[53]. Affected executive functions, including impulsivity and de-
creased capacity for self-monitoring, concentration, and attention 
span, are characteristics of ADHD. This may lead to the develop-
ment of obesity in an obesogenic environment [9]. 

Respiratory comorbidities and sleep 
disturbance 

Obesity increases the risk of developing asthma by 2.5 times re-
gardless of the presence of allergens, and it changes the clinical 
manifestation toward a difficult-to-control phenotype; asthma pa-
tients with obesity have considerably lower expiratory reserve vol-
umes and are more likely to experience hyperinflation during 
bronchoconstriction. Obesity is associated with different types of 
inflammation and a decreased response to corticosteroid treat-
ment. Systemic asthma treatment should be avoided as it exacer-
bates obesity [54]. 

Obstructive sleep apnea (OSA) is a common consequence that 
affects up to 60% of children and adolescents with obesity. OSA is 
a mechanical complication that forms part of the clinical spectrum 
of sleep-disordered breathing. Periodic upper airway collapse 
during sleep partially (hypopnea) or completely (apnea) disrupts 
ventilation, resulting in oxyhemoglobin desaturation, sleep frag-
mentation, and sleep quality disruption [55]. 

There is a reciprocal relationship between sleep and obesity. 
Sleep deprivation is associated with difficulty in appetite control 
and can lead to obesity. Overweight and obesity increase the risk of 
sleep disorders such as OSA [56,57]. Short sleep duration, low 
sleep quality, and sleep discrepancies are associated with adoles-
cent obesity [58]. A nationwide cross-sectional study of Korean 
adolescents found a negative dose-dependent association between 
obesity and catch-up sleep on weekends. Even if adolescents sleep 
less on weekdays, getting more sleep on weekends may lower their 
risk of obesity [59]. 

Skeletal comorbidities 

Children’s body weight and bone mass are positively correlated, 
and data suggests that children with obesity have higher bone min-
eral content than their normal-weight peers [60]. However, excess 
adiposity during childhood may affect bone development, which 
could eventually result in bone frailty. According to a systematic re-
view of six articles, children with obesity are 25% more likely to de-
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velop extremity fractures than those who are normal weight [61]. 
Disrupted bone synthesis may result from low vitamin D levels, 
poor eating habits, low physical activity levels, chronic low-grade 
inflammation, and insulin resistance in obesity [62]. 

Children and adolescents with obesity are more likely to have vi-
tamin D deficiency [63]. Vitamin D deficiency in childhood and 
adolescence has been associated with multiple sclerosis (MS) and 
prediabetes, which are also linked to obesity [9,29]. Adolescent 
boys with low serum 25-hydroxyvitamin D levels were more likely 
to be obese and have an increased risk of atherogenic events [64]. 
The mechanisms underlying low levels of vitamin D are unclear. 
Reduced vitamin D synthesis in the liver and adipose tissue, se-
questration in adipose tissue, volumetric dilution, and limited sun-
light exposure are the pathogenetic mechanisms underlying low vi-
tamin D levels in obesity [65]. Lifestyles that can be associated 
with obesity, such as indoor lifestyle and poor eating habits, can 
contribute to low vitamin D levels [9]. 

Immunologic and autoimmune diseases 

1. Chronic low-grade inflammation 
Obesity affects the immune system both directly through immu-
nological effects on adipose tissue and indirectly through chang-
es in endocrinology. These immune system alterations contrib-
ute to the development of long-term obesity-associated comor-
bidities [9]. 

As a major metabolic organ, adipose tissue secretes various hor-
mones, cytokines, and metabolites that control peripheral tissue 
metabolism and appetitive signals from the central nervous sys-
tem. Adipokine secretion, adipocyte death, local hypoxia, and fatty 
acid flux are affected by changes in the quantity and size of adipo-
cytes in the microenvironment of expanded fat tissues [14]. In 
obesity, pathologic high-fat accumulation in the adipose tissue 
leads to pathological immune activation, resulting in low-grade 
chronic inflammation characterized by increased infiltration and 
activation of innate and adaptive immune cells. Adipocyte-secret-
ed cytokines as well as a rise in macrophages, lymphocytes, and 
other immunologically active cells contribute. The secretion of 
proinflammatory cytokines is increased, whereas that of anti-in-
flammatory cytokines is reduced [9]. 

Leptin is involved in appetite regulation in the central nervous 
system and puberty development and has multiple proinflamma-
tory effects, such as stimulation of the release of interleukin 6 and 
tumor necrosis factor-alpha [66]. Adipokines also interact with 
muscle and liver tissue cytokines [67]. Macrophages, the most 
prevalent innate immune cell type, comprise as much as 40% of all 
adipose cells in obesity. Similar to macrophages, adipocytes estab-

lish a connection between the innate and adaptive immune sys-
tems by secreting adipokines and cytokines and releasing lipids, 
hormones, and microRNAs from exosomes [15,68]. Preschool 
children who are overweight or obese already show indicators of 
chronic inflammation, such as elevated C-reactive protein levels 
[9]. 

2. Autoimmune disease 
A systematic literature review of clinical, experimental, and patho-
physiological data suggested that the risk of rheumatoid arthritis 
(RA), MS, psoriasis, and psoriatic arthritis is increased in obesity 
[69]. Since MS is a chronic inflammatory disease of the central 
nervous system, it is thought to be associated with childhood obe-
sity. Early prevention and treatment of obesity can decrease the 
prevalence of MS. However, if the prevalence of childhood obesity 
increases without treatment, childhood and adolescent obesity is 
expected to contribute to an increased risk of MS [9]. There is also 
evidence of an increased risk of thyroid autoimmunity, type 1 DM 
(T1DM), and inflammatory bowel disease (IBD). Furthermore, 
obesity aggravates RA, IBD, systemic lupus erythematosus, psoria-
sis, and psoriatic arthritis and decreases the effectiveness of treat-
ment for these conditions [69]. In a meta-analysis, childhood obe-
sity was investigated as a potential risk factor for T1DM [70]. De-
spite heterogeneous data, there was a positive correlation between 
childhood obesity and a higher risk of T1DM, with a calculated 
pooled odds ratio of 2.03 [69]. The severity of inflammation in au-
toimmune diseases was positively correlated with adiponectin lev-
els, indicating a potential function of adiponectin in the proinflam-
matory response [71]. 

Cancer 

According to recent data, there is a strong correlation between a 
higher BMI during adolescence and an increased risk of leukemia, 
Hodgkin disease, colorectal cancer, breast cancer, and other malig-
nancies in adulthood [11]. Although the exact mechanisms are un-
known, several oncogenes have been associated with inflammation 
and cancer development, and several types of tumors require an in-
flammatory milieu for malignant transformation. An inflammatory 
milieu appears to encourage angiogenesis, as well as the growth 
and survival of malignant cells. Natural killer cells are crucial for 
this process [72]. 

Overweight and obesity in adolescence were linked to an in-
creased risk of papillary thyroid cancer in adulthood in a large-scale 
case-control study conducted in Korea [73]. 
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Conclusion 

The increasing prevalence of childhood and adolescent obesity is 
threatening public health because of its comorbidities and compli-
cations. In addition to the exacerbation of comorbidities previous-
ly observed in the adult population, such as T2DM, hypertension, 
dyslipidemia, NAFLD, OSA, and cancer, obesity in children and 
adolescents affects growth, cognitive function, and psychosocial 
interaction during development. The risk of cardiovascular and 
metabolic diseases in later life can be considerably decreased by 
even a small weight loss before the onset of puberty. Childhood 
and adolescent obesity require treatment and are associated with 
numerous comorbidities and disease burdens, highlighting the im-
portance of early detection and intervention. 
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