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Childhood obesity has emerged as a significant public health challenge, with profound consequences that negatively impact endocrine functions. Excess adiposity in children leads to dysregulation of various hormonal pathways, notably insulin resistance and hyperinsulinemia, the best-established endocrine changes in obesity. If insulin resistance is not adequately managed, it might precipitate type 2 diabetes. Another common finding among children with obesity is thyroid dysfunction. Some studies suggest that obesity may be associated with alterations in thyroid hormone levels, potentially leading to hypothyroidism, although the relationship is complex and not fully understood. Additionally, obesity affects the hypothalamic-pituitary-gonadal axis, resulting in precocious puberty, particularly in girls. Elevated leptin levels, a hormone produced by adipose tissue, can contribute to a paradoxical state of leptin resistance, further complicating metabolic processes and appetite regulation. Moreover, childhood obesity can result in increased secretion of cortisol, which may enhance the risk of developing metabolic syndrome and cardiovascular complications. The interplay between obesity and endocrine function also extends to growth patterns, where excess weight can lead to growth acceleration followed by potential short stature in adulthood due to early epiphyseal closure. Addressing the endocrine consequences of childhood obesity requires a comprehensive approach that includes prevention, early intervention, and management strategies tailored to this vulnerable population. Understanding these complex interactions is crucial for developing effective public health policies to mitigate the impact of obesity on endocrine health in children. By reviewing research, this work provides a comprehensive overview of the most relevant endocrine consequences of childhood obesity.
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Introduction

Obesity is a chronic, recurrent disease defined by excessive fat deposits that can negatively impair health (1). It results from the intricate interplay of food consumption patterns, lifestyle behaviors, genetics, and socioeconomic factors (2). The prevalence of childhood obesity has increased significantly, reaching epidemic proportions in many countries. According to the World Health Organization (WHO), in 2022, around 37 million children under five years old were overweight, while in older children, the number of individuals aged 5–19 being overweight or obese achieved over 340 million globally, with both sexes holding approximately similar figures. The prevalence of obesity among children and adolescents aged 5–19 has risen significantly from just 2% in 1990 to 8% in 2022 (1). Previously, it was considered a high-income country health issue; nowadays, overweight and obesity are increasing in low- and middle-income countries (3).

The causes of childhood obesity are highly complex, involving genetic, environmental, behavioral, and socioeconomic factors. The primary cause of excessive body weight is an imbalance between calorie intake and output. However, the emergence of family forms of obesity reflects the role of genetic predisposition in the development of childhood obesity, with an inheritance rate of 25% (4). Although polygenic obesity is the most commonly observed, several single-gene defects and obesity-related syndromes have been identified (5). Syndromic childhood obesity includes around 25 rare forms, where obesity presents as part of a distinct set of clinical phenotypes, with Prader-Willi syndrome being the most common (5). Conversely, mutations in a single gene regulating body weight mainly through the leptin-melanocortin pathway and involving less than 1% of children in tertiary pediatric clinics reflect non-syndromic monogenic obesity (4, 5).

Specific genes increase the risk of obesity only when influenced by environmental and behavioral factors (4, 6). The modern change in lifestyle, including poor diet quality featuring high-calorie, low-nutrient foods and a decrease in physical activity, have notably played a significant part in the increased incidence of obesity (4–6). Sedentary lifestyles and poor sleep patterns are strongly associated with obesity, affecting dietary habits and hormone levels (5, 6).

In addition to that, several medical conditions contribute to the development of obesity, including endocrine disorders and damage to the central nervous system (6). These include endogenous or exogenous glucocorticoid excess and hypothyroidism, among many others (5). Medications such as steroids and antipsychotics are also associated with significant weight gain, necessitating proactive weight management strategies (4, 5).

Social factors, including low parental education, family stress, and unusual environments, also affect children’s eating behavior (4). These factors lead to maladaptive coping strategies, such as eating to suppress negative emotions, appetite up-regulation, and low-grade inflammation (4, 5).

This rise in obesity rates among children is alarming due to the associated health risks, including a long-term public health issue and a range of endocrine disorders. Childhood obesity has been significantly associated with metabolic complications that compromise what is known as metabolic syndrome (7). These complications include hypertension, and dyslipidemia, which are known to increase the risk of cardiovascular disease and type 2 diabetes (T2D) (7).

Moreover, recent evidence shows that there is a link between obesity and numerous endocrinological disturbances. Most endocrine changes are believed to occur secondary to the accumulation of extra fat mass because they may be induced by the enhanced production of free fatty acids, many peptides, and other adipokines by hypertrophic adipocytes (8).

This review provides a comprehensive overview of the endocrine consequences of childhood obesity.





Methods

This review is narrative, and no systematic literature search was performed; each author identified and critically reviewed the most relevant papers. The work presents several studies on endocrine consequences of childhood obesity. The following electronic databases were searched: PubMed, Scopus, EMBASE, and Web of Science. The search time was up to February 2025 using the following keywords: childhood obesity; obesity; children; adolescents; endocrinology; hormones; endocrine changes; pituitary; thyroid; gonads; adrenals; pancreas; insulin sensitivity; insulin resistance; gastrointestinal hormones, adipose tissue. All articles published between January 2000 and February 2025 were checked by title, abstract, and full text. The following criteria for inclusion were applied in our search: relevant full-text articles in the English language, research articles, reviews, meta-analyses, and clinical studies discussing endocrine changes associated with obesity, including but not limited to insulin resistance, leptin, ghrelin, cortisol, and sex hormones. While exclusions criteria included: research primarily addressing non-endocrine health outcomes (e.g., cardiovascular disease, mental health issues) without a significant emphasis on endocrine consequences, articles not published in peer-reviewed journals, including conference abstracts or dissertations, studies published in languages other than the English language. It aimed to detect the most clinically significant papers related to the topic and provide a theoretical point of view, which is considered a valuable educational tool in continuing medical education.




Thyroid gland

Obesity often alters thyroid function and structure, exhibiting similarities with Hashimoto thyroiditis but typically without the presence of autoantibodies (9). It has been shown that subclinical hypothyroidism, which is significantly more prevalent in children with obesity (14%) compared to healthy individuals (6.8%) (10), is a consequence rather than a causative factor of obesity (9). These findings seem to align with the results of studies showing higher levels of TSH in children with obesity, while T4 can be elevated (11) or unchanged (9), and T3 slightly increased (10). Despite these changes, thyroid hormone medication is not indicated if there is no evidence of autoimmune thyroid diseases or iodine deficiency. A study conducted by Licenziati et al. showed that weight loss tends to normalize the changes in thyroid function and structure caused by obesity (9).

Several hypotheses could explain these changes in the thyroid gland. Firstly, leptin, which is released by adipocytes, with a serum level correlating with body fat, conveys fat storage to the central nervous system, controlling hunger and energy expenditure (12). On the thyroid level, leptin acts on the hypothalamic-pituitary-thyroid axis, stimulating the release of thyrotropin-releasing hormone (TRH) and increasing TSH and thyroid hormone levels. Secondly, the elevated levels of TSH and T3 may also be explained by thyroid hormone resistance caused by a decrease in TSH or peripheral thyroid hormone receptors (10). Furthermore, obesity is often associated with increased inflammatory cytokines, which have been shown to impair thyroid activity and limit iodide uptake, raising TSH levels (9). Lastly, these alterations could result from an adaptation mechanism that increases energy expenditure, preventing further weight gain (10). Figure 1 gives an overview of thyroid axis function in youth with obesity.




Figure 1 | Thyroid axis in childhood obesity (10). Leptin, produced by adipose tissue, acts directly on the hypothalamic arcuate nucleus, thereby increasing the synthesis and secretion of TRH, and subsequently TSH. Increased secretion of TSH, as well as elevated levels of fT3, are considered defensive mechanisms against further weight gain. Additionally, TSH directly influences the differentiation of preadipocytes into adipocytes, which consequently increases leptin levels. Leptin-stimulated increased activity of type 1 and type 2 deiodinases (D1 and D2) leads to an increase in the tissue pool of T3. Cytokines secreted by adipose tissue that promote inflammation affect the reduction of sodium-iodide symporter expression in the thyroid, which may potentially inhibit iodine uptake by the gland, resulting in a compensatory increase in TSH. TRH, thyrotropin-releasing hormone; TSH, thyroid stimulating hormone; T3, Triiodothyronine; T4, thyroxine; fT4, free thyroxine; FT3, free triiodothyronine; TNF-α, tumor necrosis factor; IL-1, interleukin-1; IL-6, interleukin-6.



Ultrasounds of the thyroid in obese individuals often reveal a hypoechoic pattern. These structural changes usually improve after weight loss and are generally attributed to the low-grade inflammation seen in obesity (9). Insulin resistance, commonly associated with obesity, also affects the thyroid. It has been associated with the development of nodules and an increased risk of thyroid cancer, further confirming the link between obesity and thyroid irregularities (13).





Adrenal glands

Obesity is often associated with an increased responsiveness of the hypothalamic-pituitary-adrenal (HPA) axis, increasing cortisol secretion. Despite this hyperactivity, most individuals will have a low or normal plasma cortisol and an elevated urinary free-cortisol level. The cortisol concentration in the plasma is carefully balanced between synthesis and clearance. Therefore, the low or normal plasma cortisol level seen in obese individuals may be explained by increased clearance (14). This leads to decreased negative feedback at the hypothalamus and pituitary, increasing HPA stimulation.

In addition to being centrally regulated, cortisol availability in peripheral tissue relies on 11β-hydroxysteroid dehydrogenase (11β-HSD) activity. At least two isozymes catalyze the inter-conversion of hormonally active (cortisol) and inactive (cortisone) metabolites. By converting cortisol to cortisone, 11β-HSD2, which is mainly expressed in the kidneys, protects the mineralocorticoid receptor from glucocorticoid excess. Insulin target tissues like the liver, muscle, and adipose tissue express the other isoform, 11β-HSD1 (15). An increased expression of 11β-HSD1 is observed in adipose stromal cells from omental fat, stimulating the local cortisol secretion via the conversion of cortisone to cortisol. The rise in local cortisol will activate the glucocorticoid receptor and further promote central adiposity (16). In their study, Masuzaki et al. found an increase in the adipose levels of corticosterone in the 11β-HSD1 transgenic mice, which led to an increase in visceral adipocytes size, possibly due to the higher glucocorticoid receptor at this site (17).

The constant over-activation of the renin-angiotensin-aldosterone (RAAS) system, both systemically and in adipocytes, increasing aldosterone secretion, is another essential condition to consider (18).

This contributes to hypertension (18), insulin resistance (19), and a heightened risk of cardiovascular diseases (20).

In addition to the activation of RAAS, various mechanisms may contribute to the increase of aldosterone and renin in obesity, such as activating the sympathetic nervous system (18), excessive secretion of adipocyte-derived cytokines, and an increase in the mineralocorticoid receptor in adipocytes (21).

An increase in aldosterone levels in obese individuals was noted irrespective of ACTH level, potassium, or renal function (19). Weight loss has decreased renin and aldosterone levels, highlighting this association (22).

Structurally, increased fat deposition and the heightened activation of the gland might lead to increased adrenal volume (23). This increase in cortisol and aldosterone further exacerbates weight gain and metabolic health, creating a vicious cycle of obesity. Additionally, excessive production of adrenal androgens has also been noted, which may disrupt normal growth and pubertal development (22).





Pancreas

One of the major hormones secreted by the pancreas is glucagon. Few studies are reported in the literature regarding alterations in glucagon levels in the pediatric population with obesity. However, a study showed that patients with obesity and insulin resistance had higher fasting glucagon levels compared to those with normal weight and those with obesity but with normal insulin sensitivity (24). Usually, glucagon levels are suppressed in response to higher glucose levels, and this effect is mainly noticed during an oral glucose tolerance test (OGTT). However, it was demonstrated that glucagon levels were elevated and minimally suppressed in those with obesity and insulin resistance during an OGTT compared to the normal weight group (24, 25). The glucagon level was also inadequately suppressed in children and adolescents with obesity during an euglycemic-hyperinsulinemic state, which usually tests for insulin tissue sensitivity with normal blood glucose levels (24). Based on all these findings, it has been suggested that alpha cells of the pancreas might have insulin resistance that prevents the effect of insulin on suppressing glucagon levels (25). Furthermore, elevations of glucagon levels have also been associated with declining glucose tolerance, hyperinsulinemia, visceral adiposity, high plasma-free fatty acids, and high plasma triglycerides (24, 25). These increased levels are also related to worsened insulin sensitivity and a decline in pancreatic beta cell function, indicating that increasing glucagon levels due to obesity are highly linked to insulin resistance in these subjects (24).

Insulin, another significant hormone secreted by the beta cells of the pancreas that its function is also affected by obesity in children and adolescents. In the pediatric population, insulin resistance is highly correlated with obesity, with nearly 38.7% of this population having insulin resistance (26). Insulin resistance, by definition, is the decreased sensitivity of tissues such as adipose, liver, and skeletal muscles to insulin levels (26). Obesity is one of the most influential factors on insulin resistance in addition to other environmental factors (26). The pathophysiology of insulin resistance in obesity depends on several factors, including lipid metabolism, which is very important. Typically, insulin reduces the release of free fatty acids from adipocytes; however, in obesity, where there is excess accumulation of free fatty acids in adipose and non-adipose tissues, insulin’s effect is attenuated, and insulin sensitivity is weakened (26, 27). The increase in serum free fatty acids levels and related metabolites accumulating in nonadipocyte tissues inhibits the insulin signaling pathway, leading to higher insulin resistance (26, 28). The increase in insulin resistance leads to a rise in insulin levels, causing a state of hyperinsulinemia in youth with obesity (26). Moreover, individuals with obesity can develop a state called glucolipotoxicity, which unfavorably affects the pathway of insulin synthesis and secretion. Glucolipotoxicity is a term that refers to the combined and harmful effects of excess glucose and free fatty acids on pancreatic beta-cell function and survival, particularly in the context of obesity and insulin resistance. Prolonged glucolipotoxicity further exacerbates insulin resistance and ultimately leads to the destruction of the pancreatic beta cells. Therefore, glucolipotoxicity is considered the most significant factor that contributes to T2D development in the childhood population (26, 29–31). Another important issue that influences insulin sensitivity is body fat distribution. Research indicates that the location of body fat—precisely, whether fat is stored peripherally or viscerally plays a crucial role in metabolic health. Lean people with fat located in the peripherals are characterized by a higher insulin sensitivity than slim individuals with intra-abdominal fat storage. Central fat distribution is linked to an increased risk of low-grade inflammation and the release of free fatty acids into the bloodstream (32). Then, again, it can negatively impact insulin signaling, making it more difficult for the body to use insulin effectively. All those factors raise the risk of childhood T2D, which was previously linked mainly to adults. However, T2D incidence has been rising extensively recently in the pediatric population, with the majority of cases affecting youth with obesity. These subjects remain at high risk of having diabetes in adulthood (26, 32).





Adipose tissue

Adipose tissue is considered an endocrinological gland that secretes adipokines, which are signaling proteins that play critical roles in regulating various physiological processes, including metabolism, inflammation, and insulin sensitivity. Some adipokines secreted by the adipose tissues, such as leptin, adiponectin, resistin, tumor necrosis factor-alpha (TNF-α), interleukin 6 (IL-6), visfatin, omentin, chemerin, apelin, and C1q/tumor necrosis factor-related protein 1 (CTRP1) are shown to be affected by obesity in pediatric populations (33). One of the most significant adipokines released from adipose tissue is leptin. This peptide hormone is encoded by the leptin gene (LEP), also known as the obese gene (OB), located on chromosome 7 in humans. Leptin is key in regulating homeostasis energy, metabolism, and appetite. Leptin’s prime place of action is the central nervous system, in the brainstem and hypothalamus. It is a main regulator of satiety, promoting lipolysis and increasing free fatty acid levels (26, 34). Leptin and insulin are found to regulate each other where insulin induces the release of leptin, whereas leptin, in return, leads to a decrease in insulin synthesis and secretion (26). Several studies revealed that leptin levels in children with obesity were higher than those of normal weight (33–36). Hyperleptinemia has been correlated with increased insulin resistance in these patients (26, 36). Individuals with obesity have up to four times higher leptin than lean individuals due to their increased fat mass. Then, leptin resistance is a common finding in children with obesity (37). This ultimately leads to the desensitization of brain receptors, where the brain fails to respond to leptin’s satiety signals and leads to a persistent feeling of hunger, which provokes continuous eating and weight gain, yielding a greater BMI among these individuals (37–39). Some metabolic dysfunctions, such as impaired glucose metabolism and insulin sensitivity, are also linked to leptin resistance, making it a central factor in the pathophysiology of obesity (40).

Another main adipokine released by adipose tissue is adiponectin. It has many beneficial properties, such as antidiabetic, anti-inflammatory, and insulin sensitizer (26, 33). Adiponectin promotes fatty acid oxidation and lowers triglyceride levels, which improves insulin sensitivity (33). Studies have proved that adiponectin levels in pediatric populations with obesity are lower compared to those with normal weight (26, 33). This decrease in adiponectin levels is associated with the development of metabolic syndrome, insulin resistance, and hypertension in individuals with obesity (33).

Resistin, an adipocyte-specific hormone, is crucial in regulating metabolism and is a key link between obesity, insulin resistance, and T2D. While classified as an adipokine, resistin is also highly expressed in macrophages and contributes significantly to inflammation. As a pro-inflammatory cytokine, resistin exerts its effects through TNF-α. However, the exact molecular pathways by which resistin interacts with cells and receptors remain unclear (41). Other proinflammatory cytokines, such as TNF-α and IL-6, are primarily produced by visceral adipose tissue. These cytokines are key proinflammatory cytokines that play significant roles in the development and progression of obesity and its associated metabolic complications. Both are involved in developing insulin resistance by interfering with insulin signaling by promoting the activation of inflammatory pathways that impair the function of insulin receptors. This reduces glucose uptake by cells, contributing to hyperglycemia (41). Visfatin, also known as nicotinamide phosphoribosyl transferase (NAMPT), has insulin-like effects. It can enhance glucose uptake in cells and stimulate insulin signaling, acting as a potential regulator of glucose metabolism. In obesity, visfatin levels are commonly increased, especially in visceral fat, and are associated with low-grade inflammation. Increased visfatin concentration correlates with insulin resistance and T2D. Another proinflammatory cytokine that is also elevated in obesity is chemerin. Its higher levels are positively correlated with the amount of visceral fat, and it is related to insulin resistance, T2D, and dyslipidemia (41).

Apelin plays a role in improving vascular function and increasing insulin sensitivity. In obesity, apelin levels may decrease, contributing to insulin resistance, hypertension, and other cardiovascular risk factors. At the same time, omentin is considered to have anti-inflammatory effects. However, its levels are typically decreased in individuals with obesity and metabolic disorders. Reduced omentin levels are linked to increased fat accumulation, particularly visceral fat, and are considered a marker of metabolic dysfunction in obesity (41).

Regarding CTRP1 protein, which is known to play a role in fatty acid oxidation, it was found to be increased in patients with obesity and hyperglycemia compared to those with obesity but with normal glucose levels (27, 37). Furthermore, CTRP1 was positively correlated with higher HbA1C and glucose levels in adolescents with T2D (42). The hypothesis suggests that the increase in CTRP1 levels in those with T2D could be a compensatory mechanism since a study on mice illustrated that CTRP1 infusion was associated with lowering blood glucose levels and improving insulin sensitivity (42). Further studies are needed to explore the exact mechanism that links CTRP1 to glucose levels, as limited articles regarding this topic are present today. Table 1 summarizes the main role of selected adipokines and their concentrations in patients with obesity.


Table 1 | The main role of selected adipokines and their concentrations in patients with obesity.







Gastrointestinal hormones

Obesity in children has a significant role in impacting gastrointestinal (GI) hormones as well. These hormones are essential in regulating appetite, energy balance, and metabolism. Appetite and satiety are controlled through neuroendocrine feedback mechanisms, for example, by stimulating the hunger and satiety centers in the hypothalamus, more specifically in the arcuate nuclei, using many different signaling pathways (38). GI hormones, including ghrelin, glucagon-like peptide-1 (GLP-1), and peptide YY (PYY), are crucial in appetite control and energy balance.

Firstly, ghrelin is mainly produced from P/D1 enteroendocrine cells found in the stomach and intestines - Where “P” stands for “Producing” and “D” stands for “Diffuse.” It can also be produced by the kidneys, testes, and the pancreas (43). This hormone, also known as “the hunger hormone,” is responsible for stimulating hunger (orexigenic) by acting on the hypothalamus (38). In normal-weighted individuals, ghrelin levels are elevated before each meal and are suppressed afterward, but this is not the case in patients with obesity as there is no postprandial decrease in ghrelin in such individuals, and over time, ghrelin resistance is observed in these patients (43). Stress might also cause ghrelin resistance, further complicating weight control in individuals with obesity (43, 44).

Subsequently, glucagon-like peptide-1 (GLP-1) is produced by the degradation of proglucagon peptide by various organ cells such as alpha pancreatic cells, intestinal L-cells, and the nucleus of the solitary tract (45). This peptide exerts its effect by enhancing insulin secretion, decreasing glucagon secretion, delaying gastric emptying, and lowering appetite through its vagal stimulation pathway, leading to increased feelings of satiety and lower glucose levels (45). Some studies have shown that in patients with obesity, GLP-1 secretion was approximately 20% less than in those with normal weight upon oral glucose intake. However, other studies showed different results (46). Therefore, recently introducing anti-obesity drugs such as GLP-1 agonists was a significant milestone in childhood obesity treatment. The positive impact of these agents on weight loss primarily stems from their ability to slow gastric emptying, which enhances feelings of fullness and reduces appetite through the hypothalamus. Additionally, research on adults has consistently shown that GLP-1 agonists have comparable effects on major adverse cardiovascular events, overall mortality, and cardiovascular-related deaths in individuals with obesity (47).

Finally, peptide YY (PYY) is an anorexigenic hormone and is released from the L-cells in the intestines in response to food intake, especially protein intake, and is also responsible for signaling satiety and inhibiting gastric emptying and gastrointestinal motility, allowing for more extended digestion and absorption of nutrients. Research has indicated that children with obesity may exhibit altered levels of PYY compared to their healthy peers. Some studies suggest that children with obesity have lower postprandial levels of PYY, which could contribute to their difficulty in regulating appetite and satiety. This reduced responsiveness may lead to increased food and calorie intake, prolonged eating sessions, and difficulty achieving or maintaining an optimal body mass (48, 49).





Pituitary gland

Childhood obesity’s effects on the pituitary gland are also observed. For example, youth with obesity experience a decrease in the secretion of the growth hormone (GH), altered thyroid-stimulating hormone (TSH) levels, and early activation of the hypothalamic-pituitary-gonadal (HPG) axis, leading to impaired growth, insulin resistance, and early puberty (12, 50, 51).

Growth hormone (GH) is responsible for children’s bone growth, body composition, and metabolism. In patients with obesity, GH levels are remarkably decreased by almost 50% compared to healthy peers (50, 52). Elevated insulin levels and a high-fat mass cause increased somatostatin release, which is a GH inhibitor, leading to a significant decrease in GH levels (12, 52). An important feedback mechanism causing lower GH levels is the elevated insulin-like growth factor 1 (IGF-1) due to high adiposity in individuals with obesity (12, 52).

In lean people, GH promotes muscle growth and muscle development; on the other hand, those with obesity have lower GH, thus lower lean body mass (LBM) and increased fat mass (53). Concerning an individual’s height, a decrease in GH leads to premature epiphyseal closure and earlier skeletal maturation, which can ultimately cause a reduced adult height (53). Elevated leptin levels can also accelerate this process and can promote the early onset of puberty as well, especially in girls (51, 54). Another metabolic role of GH is lipolysis, the breakdown of fat into free fatty acids and glycerol. In obesity, this metabolic process is limited, and there is more fat accumulation, which in turn leads to insulin resistance and metabolic complications (52, 53).

GH therapy has been shown to increase LBM while decreasing visceral fat mass, causing an improved overall body composition in obese patients. It is important to note that GH therapy does not lead to significant weight loss; rather, it causes an improvement in body composition and insulin sensitivity, which is commonly impaired in those children (50, 52).





Gonads

In children with obesity, the normal hormonal regulation essential for growth, pubertal milestones, and fertility is disrupted. According to a German study, the early development of pubertal milestones and the accelerated skeletal growth rate were associated with increased levels of leptin, insulin, and IGF-1 in children with obesity (55). These differences were more frequent in girls with obesity, with an occurrence rate of 48% compared to 8.73% in the normal weight group and 6.78% in boys with obesity, as opposed to 2.86% in the average weight category (54).

The link between obesity and precocious puberty could be explained through several hypotheses. Firstly, increased levels of leptin in both genders and kisspeptin in girls, both crucial for the initiation and progression of puberty, have been found in children with obesity (56). Moreover, hyperinsulinemia increases aromatase activity in adipocytes, as well as androgen production in the adrenals and ovaries, decreases sex hormone-binding globulin (SHBG) synthesis (56, 57), and thus plays a significant role in the development of pubarche (58).

In girls, the earlier development of adrenarche and thelarche is mainly affected by the increased level of estrogen, which can then further disrupt the hypothalamic-pituitary-gonadal (HPG) axis and increase the risk of polycystic ovary syndrome (PCOS), irregular menses, and infertility (56). At the same time, the increased level of androgen leads to the evolution of precocious pubic and axillary hair, mild acne, pubertal sweat odor, and moderately accelerated bone age growth (58). Additionally, the decrease in IGF-1-binding protein levels increases free IGF-1, an essential factor in the early onset of thelarche and menarche (59).

In boys, high levels of estrogen suppress the production of testosterone, causing gynecomastia, as well as an impairment in spermatogenesis (60). Levels of IGF-1 are high in the pre-pubertal state and are associated with earlier gonadarche and increased height (59). However, it has been shown that during puberty, levels of testosterone and IGF-1 decreased in boys, exhibiting a decline in growth rate (55). The effect of obesity on puberty in boys is inconclusive, and the exact mechanism of the decrease in IGF-1 levels during puberty is still unclear, however it is said to be related to the drop in testosterone (55). Figure 2 summarizes the most obesity-related endocrine changes in childhood populations.




Figure 2 | The most important childhood obesity-related endocrine changes. TSH; thyroid stimulating hormone; T3, Triiodothyronine; T4, thyroxine; fT4, free thyroxine; FT3, free triiodothyronine; TNF-α, tumor necrosis factor alpha; IL-6, interleukin-6; CTRP1, C1q/tumor necrosis factor-related protein 1.








Conclusions

In conclusion, childhood obesity presents a multifaceted challenge to endocrine health, with significant implications for both immediate and long-term well-being. The endocrine dysregulation observed in children with obesity, including insulin resistance, thyroid dysfunction, altered reproductive development, and hormonal imbalances like leptin resistance and cortisol dysregulation, underscores the urgent need for targeted interventions. The complex relationship between obesity and endocrine pathways requires a holistic approach to prevention, early detection, and treatment. A comprehensive public health strategy that addresses both the physiological and hormonal aspects of childhood obesity is essential to mitigate its profound consequences and reduce the risk of chronic diseases, such as T2D and cardiovascular complications, in affected children. Understanding these interconnections is crucial for crafting effective policies and clinical approaches to improve the health of this vulnerable population.





Author contributions

MB: Data curation, Formal Analysis, Investigation, Methodology, Resources, Writing – original draft. GE-R: Data curation, Formal Analysis, Investigation, Methodology, Resources, Writing – original draft. MF: Data curation, Formal Analysis, Investigation, Methodology, Resources, Writing – original draft. AK: Conceptualization, Supervision, Validation, Writing – review & editing. EN: Conceptualization, Data curation, Investigation, Methodology, Project administration, Supervision, Visualization, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Mazur, A, Zachurzok, A, Baran, J, Dereń, K, Łuszczki, E, Weres, A, et al. Childhood obesity: position statement of Polish Society of Pediatrics, Polish Society for Pediatric Obesity, Polish Society of Pediatric Endocrinology and Diabetes, the College of Family Physicians in Poland, and Polish Association for Study on Obesity. Nutrients. (2022) 14:3806. doi: 10.3390/nu14183806

2. Aggarwal, B, and Jain, V. Obesity in children: definition, etiology, and approach. Indian J Pediatr. (2017) 85:463–71. doi: 10.1007/s12098-017-2531-x

3. Okunogbe, M, Nugent, R, Spencer, G, Powis, J, Ralston, J, and Wilding, J. Economic impacts of overweight and obesity: current and future estimates for 161 countries. BMJ Glob Health. (2022) 7(9):e009773. doi: 10.1136/bmjgh-2022-009773

4. Tolibovna, MS, and Olimovna, KM. Modern views on the causes of obesity in children and adolescents (2024). Available online at: https://www.sciencebox.uz/index.php/amaltibbiyot/article/view/10000/9133 (Accessed November 23, 2024).

5. Kumar, S, and Kelly, AS. Review of childhood obesity from epidemiology, etiology, and comorbidities to clinical assessment and treatment. Mayo Clin Proc. (2017). 92(2):251–65. doi: 10.1016/j.mayocp.2016.09.017

6. Omer, TAM. The causes of obesity: An in-depth review. MedCrave. (2020) 10(3):90–4. doi: 10.15406/aowmc.2020.10.00312

7. Chung, YL, and Rhie, Y. Severe obesity in children and adolescents: metabolic effects, assessment, and treatment. J Obes Metab Syndr. (2021) 30:326–35. doi: 10.7570/jomes21063

8. Marcus, C, Danielsson, P, and Hagman, E. Pediatric obesity—Long-term consequences and effect of weight loss. J Intern Med. (2022) 292:870–91. doi: 10.1111/joim.13547

9. Licenziati, MR, Valerio, G, Vetrani, I, De Maria, G, Liotta, F, and Radetti, G. Altered thyroid function and structure in children and adolescents who are overweight and obese: Reversal after weight loss. J Clin Endocrinol Metab. (2019) 104:2757–65. doi: 10.1210/jc.2018-02399

10. Jin, HY. Prevalence of subclinical hypothyroidism in obese children or adolescents and association between thyroid hormone and the components of metabolic syndrome. J Paediatr Child Health. (2018) 54:975–80. doi: 10.1111/jpc.13926

11. Ghergherehchi, R, and Hazhir, N. Thyroid hormonal status among children with obesity. Ther Adv Endocrinol Metab. (2015) 6:51–5. doi: 10.1177/2042018815571892

12. Ylli, D, Sidhu, S, Parikh, T, and Burman, KD. Endocrine changes in obesity. In:  KR Feingold, H Anhalt, and J Boyajian, editors. Endotext. MDText.com, Inc (2022). Available at: https://europepmc.org/article/med/25905281 (Accessed January 06, 2025).

13. Yasar, HY, Ertuğrul, O, Ertuğrul, B, Ertuğrul, D, and Sahin, M. Insulin resistance in nodular thyroid disease. Endocr Res. (2011) 36:167–74. doi: 10.3109/07435800.2011.593011

14. Purnell, JQ, Brandon, DD, Isabelle, LM, Loriaux, DL, and Samuels, MH. Association of 24-hour cortisol production rates, cortisol-binding globulin, and plasma-free cortisol levels with body composition, leptin levels, and aging in adult men and women. J Clin Endocrinol Metab. (2004) 89:281–7. doi: 10.1210/jc.2003-030440

15. Stewart, PM, and Krozowski, ZS. 11 beta-Hydroxysteroid dehydrogenase. Vitam Horm. (1999) 57:249–324. doi: 10.1016/S0083-6729(08)60646-9

16. Bujalska, IJ, Kumar, S, and Stewart, PM. Does central obesity reflect “Cushing’s disease of the omentum”? Lancet. (1997) 349:1210–3. doi: 10.1016/S0140-6736(96)11222-8

17. Masuzaki, H, Paterson, J, Shinyama, H, Morton, NM, Mullins, JJ, Seckl, JR, et al. A transgenic model of visceral obesity and the metabolic syndrome. Science. (2001) 294:2166–70. doi: 10.1126/science.1066285

18. Goossens, GH, Jocken, JWE, Blaak, EE, Schiffers, PM, Saris, WHM, and van Baak, MA. Endocrine role of the renin-angiotensin system in human adipose tissue and muscle: Effect of beta-adrenergic stimulation. Hypertension. (2007) 49:542–7. doi: 10.1161/01.HYP.0000256091.55393.92

19. Bentley-Lewis, R, Adler, GK, Perlstein, T, Seely, EW, Hopkins, PN, Williams, GH, et al. Body mass index predicts aldosterone production in normotensive adults on a high-salt diet. J Clin Endocrinol Metab. (2007) 92:4472–5. doi: 10.1210/jc.2007-1088

20. Brilla, CG, and Weber, KT. Mineralocorticoid excess, dietary sodium, and myocardial fibrosis. J Lab Clin Med. (1992) 120:893–901.

21. Thethi, T, Kamiyama, M, and Kobori, H. The link between the renin-angiotensin-aldosterone system and renal injury in obesity and the metabolic syndrome. Curr Hypertens Rep. (2012) 14:160–9. doi: 10.1007/s11906-012-0245-z

22. Poddar, M, Chetty, Y, and Chetty, VT. How does obesity affect the endocrine system? A narrative review. Clin Obes. (2017) 7:136–44. doi: 10.1111/cob.12184

23. Liu, F, Chen, Y, Xie, W, Liu, Ch, Zhu, Y, Tian, H, et al. Obesity might persistently increase adrenal gland volume: A preliminary study. Obes Surg. (2020) 30:3503–7. doi: 10.1007/s11695-020-04593-2

24. Stinson, SE, Fernández de Retana Alzola, I, Damgaard Brünner Hovendal, E, Asp Vonsild Lund, M, Fonvig, CE, Aas Holm, L, et al. Altered glucagon and GLP-1 responses to oral glucose in children and adolescents with obesity and insulin resistance. J Clin Endocrinol Metab. (2024) 109:1590–600. doi: 10.1210/clinem/dgad728

25. Lat, J, and Caprio, S. Understanding the pathophysiology of youth-onset type 2 diabetes (T2D): Importance of alpha-cell function. J Clin Endocrinol Metab. (2022) 107:e3957–8. doi: 10.1210/clinem/dgac273

26. Luo, Y, Luo, D, Li, M, and Tang, B. Insulin resistance in pediatric obesity: From mechanisms to treatment strategies. Pediatr Diabetes. (2024) 1–22. doi: 10.1155/2024/2298306

27. Thongnak, L, Pongchaidecha, A, and Lungkaphin, A. Renal lipid metabolism and lipotoxicity in diabetes. Am J Med Sci. (2020) 359:84–99. doi: 10.1016/j.amjms.2019.11.004

28. Sunil, B, and Ashraf, AP. Dyslipidemia in pediatric type 2 diabetes mellitus. Curr Diabetes Rep. (2020) 20:53. doi: 10.1007/s11892-020-01336-6

29. Weir, GC. Glucolipotoxicity, β-cells, and diabetes: the emperor has no clothes. Diabetes. (2020) 69:273–8. doi: 10.2337/db19-0138

30. Lupi, R, Dotta, F, Marselli, L, Del Guerra, S, Masini, M, Santangelo, C, et al. Prolonged exposure to free fatty acids has cytostatic and pro-apoptotic effects on human pancreatic islets: evidence that beta-cell death is caspase mediated, partially dependent on ceramide pathway, and Bcl-2 regulated. Diabetes. (2002) 51:1437–42. doi: 10.2337/diabetes.51.5.1437

31. Vela-Guajardo, JE, Garza-González, S, and García, N. Glucolipotoxicity-induced oxidative stress is related to mitochondrial dysfunction and apoptosis of pancreatic β-cell. Curr Diabetes Rev. (2021) 17:e031120187541. doi: 10.2174/1573399816666201103142102

32. Kahn, SE, Hull, RL, and Utzschneider, KM. Mechanisms linking obesity to insulin resistance and type 2 diabetes. Nature. (2006) 444:840–6. doi: 10.1038/nature05482

33. Wolf, RM, Jaffe, AE, Rodriguez, S, Lei, X, Sarver, DC, Straub, AT, et al. Altered adipokines in obese adolescents: a cross-sectional and longitudinal analysis across the spectrum of glycemia. Am J Physiol Endocrinol Metab. (2021) 320:E1044–52. doi: 10.1152/ajpendo.00626.2020

34. Menendez, A, Wanczyk, H, Walker, J, Zhou, B, Santos, M, and Finck, C. Obesity and adipose tissue dysfunction: From pediatrics to adults. Genes (Basel). (2022) 13:1866. doi: 10.3390/genes13101866

35. Tricò, D, Chiriacò, M, Nouws, J, Vash-Margita, A, Kursawe, R, Tarabra, E, et al. Alterations in adipose tissue distribution, cell morphology, and function mark primary insulin hypersecretion in youth with obesity. Diabetes. (2024) 73:941–52. doi: 10.2337/db23-0450

36. Kumar, R, Mal, K, Razaq, MK, Magsi, M, Memon, MK, Memon, S, et al. Association of leptin with obesity and insulin resistance. Cureus. (2020) 12:e12178. doi: 10.7759/cureus.12178

37. Soliman, AT, Yasin, M, and Kassem, A. Leptin in pediatrics: A hormone from adipocyte that wheels several functions in children. Indian J Endocrinol Metab. (2012) 16:S577–87. doi: 10.4103/2230-8210.105575

38. Balasundaram, P, and Krishna, S. Obesity effects on child health. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing (2023).

39. Klok, MD, Jakobsdottir, S, and Drent, ML. The role of leptin and ghrelin in the regulation of food intake and body weight in humans: A review. Obes Rev. (2007) 8:21–34. doi: 10.1111/j.1467-789X.2006.00270.x

40. Obradovic, M, Sudar-Milovanovic, E, Soskic, S, Essack, M, Arya, S, Stewart, AJ, et al. Leptin and obesity: Role and clinical implication. Front Endocrinol (Lausanne). (2021) 12:585887. doi: 10.3389/fendo.2021.585887

41. Hemat Jouy, S, Mohan, S, Scichilone, G, Mostafa, A, and Mahmoud, AM. Adipokines in the crosstalk between adipose tissues and other organs: implications in cardiometabolic diseases. Biomedicines. (2024) 12:2129. doi: 10.3390/biomedicines12092129

42. Arking, A, Sarver, DC, Magge, SN, Wong, GW, and Wolf, RM. Novel adipokines CTRP1, CTRP9, and FGF21 in pediatric type 1 and type 2 diabetes: A cross-sectional analysis. Horm Res Paediatr. (2022) 95:43–50. doi: 10.1159/000522665

43. Deschaine, SL, and Leggio, L. From “hunger hormone” to “it’s complicated”: Ghrelin beyond feeding control. Physiol (Bethesda). (2022) 37:5–15. doi: 10.1152/physiol.00024.2021

44. Abizaid, A. Stress and obesity: The ghrelin connection. J Neuroendocrinology. (2019) 31:e12693. doi: 10.1111/jne.12693

45. Vgontzas, AN, Liao, D, Pejovic, S, Calhoun, S, Karataraki, M, Basta, M, et al. Sleep apnea and obesity: Role of leptin. Obesity Res. (2003) 11:607–12. doi: 10.1038/oby.2003.82

46. Farhadipour, M, and Depoortere, I. The function of gastrointestinal hormones in obesity—Implications for the regulation of energy intake. Nutrients. (2021) 13(6):1839. doi: 10.3390/nu13061839

47. Niechciał, E, Wais, P, Bajtek, J, and Kędzia, A. Current perspectives for treating adolescents with obesity and type 2 diabetes: A review. Nutrients. (2024) 16(23):4084. doi: 10.3390/nu16234084

48. Tiwari, A, Daley, SF, and Balasundaram, P. Obesity in pediatric patients. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing (2023).

49. Karra, E, Chandarana, K, and Batterham, RL. The role of peptide YY in appetite regulation and obesity. J Physiol. (2009) 587:19–25. doi: 10.1113/jphysiol.2008.164269

50. Ferruzzi, A, Vrech, M, Pietrobelli, A, Cavarzere, P, Zerman, N, Guzzo, A, et al. The influence of growth hormone on pediatric body composition: A systematic review. Front Endocrinol. (2023) 14:1093691. doi: 10.3389/fendo.2023.1093691

51. Shi, L, Jiang, Z, and Zhang, L. Childhood obesity and central precocious puberty. Front Endocrinol. (2022) 13:1056871. doi: 10.3389/fendo.2022.1056871

52. Hjelholt, A, Høgild, M, Bak, AM, Arlien-Søborg, MC, Bæk, A, Jessen, N, et al. Growth hormone and obesity. Endocrinol Metab Clinics North America. (2020) 49:239–50. doi: 10.1016/j.ecl.2020.02.009

53. Chung, S. Growth and puberty in obese children and implications of body composition. J Obesity Metab Syndrome. (2017) 26:243–50. doi: 10.7570/jomes.2017.26.4.243

54. Liu, Y, Yu, T, Li, X, Pan, D, Lai, X, Chenet, Y, et al. Prevalence of precocious puberty among Chinese children: A school population-based study. Endocrine. (2021) 72:573–81. doi: 10.1007/s12020-021-02630-3

55. Kempf, E, Vogel, M, Vogel, T, Kratzsch, J, Landgraf, K, Kühnapfel, A, et al. Dynamic alterations in linear growth and endocrine parameters in children with obesity and height reference values. EClinicalMedicine. (2021) 37:100977. doi: 10.1016/j.eclinm.2021.100977

56. Itriyeva, K. The effects of obesity on the menstrual cycle. Curr Problems Pediatr Adolesc Health Care. (2022) 52:101241. doi: 10.1016/j.cppeds.2022.101241

57. Wood, PL, and Bauman, D. Gynecological issues affecting the obese adolescent. Best Pract Res Clin Obstetrics Gynaecology. (2015) 29:453–65. doi: 10.1016/j.bpobgyn.2014.10.015

58. Mazur, A, Zachurzok, A, Baran, J, Dereń, K, Łuszczki, E, Weres, A, et al. Childhood obesity: Position statement of Polish Society of Pediatrics, Polish Society for Pediatric Obesity, Polish Society of Pediatric Endocrinology and Diabetes, the College of Family Physicians in Poland and Polish Association for Study on Obesity. Nutrients. (2022) 14:3806. doi: 10.3390/nu14183806

59. Baier, I, Pereira, A, Ferrer, P, Iñiguez, G, and Mericq, V. Higher prepubertal IGF-1 concentrations associate to earlier pubertal tempo in both sexes. Hormone Res Paediatrics. (2023) 96:404–11. doi: 10.1159/000528662

60. Lee, JM, Wasserman, R, Kaciroti, N, Gebremariam, A, Steffes, J, Dowshen, S, et al. Timing of puberty in overweight versus obese boys. Pediatrics. (2016) 137:e20150164. doi: 10.1542/peds.2015-0164




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Badr, El-Rabaa, Freiha, Kędzia and Niechciał. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-16-1584861-g001.jpg
’ HYPOTHALAMUS }

TRH

PITUITARY GLAND

TSH (1TSH*)

THYROID GLAND
T4 T3

/

(1T3/T4, |/fT4, 1fI3%)





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-16-1584861-g002.jpg
THYROID GLAND
PITUITARY GLAND
* Subclinical hypothyroidism
* Elevated TSH Early activation of the hypothalamic-pituitary-gonadal
* Increased T3/T4 Growth hormone decrease
* Decreased/normal T4 Elevated insulin-like growth factor 1

* Elevated T3

PANCREAS
* Hyperinsulinemia
* Higher fasting glucagon concentration

GASTROINTESTINAL HORMONES

ADRENAL GLANDS

Increased responsiveness of the
hypothalamic-pituitary-adrenal ¢ Ghrelin decrease

Elevated free urinary cortisol

Normal plasma cortisol

ADIPOSE TISSUE GONADS

Girls: decreased SHBG

Increased free estradiol and testosterone
Boys: decreased SHBG

Decreased total and free testosterone

Hyperleptinemia
Adiponectin decrease
TNF-a and IL-6 increase

Increased levels of visfatin,
chemerin, apelin, resistin, and
CTRP1

Omentin decrease






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Endocrine consequences of childhood obesity: a narrative review

      

        		

          Introduction

        



        		

          Methods

        

          		

            Thyroid gland

          



          		

            Adrenal glands

          



          		

            Pancreas

          



          		

            Adipose tissue

          



          		

            Gastrointestinal hormones

          



          		

            Pituitary gland

          



          		

            Gonads

          



        



        



        		

          Conclusions

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Adipokines

Main role

Levels in individuals
with obesity

Leptin (21, 23, 27, 29)

Adiponectin (29)

Resistin (29)

TNE-0 (22, 29)

1L-6 (22, 29)

Visfatin (29)

Omentin (29)

Chemerin (29)

Apelin (29)

CTRP1 (21, 30)

Regulates appetite, decreases hunger, and promotes satiety.

Increases energy expenditure.

Enhances the release of gonadotropin hormones, which are crucial for starting and sustaining normal
reproductive functions.

Improves insulin sensitivity.

Exerts anti-inflammatory effects by decreasing the production of pro-inflammatory cytokines.
Activates several signaling pathways that promote anti-inflammatory responses.

Improves vascular function and reduces oxidative stress, then has cardioprotective effects.

Negatively influences insulin signaling, then enhances insulin resistance.

Increases inflammation by stimulation of the production of pro-inflammatory cytokines.
Contributes to various components of metabolic syndrome development, including hypertension,
dyslipidemia, and abdominal obesity.

TNF-0. is a pro-inflammatory cytokine. Chronically elevated levels in individuals with obesity contribute to
insulin resistance and hyperinsulinemia.

Pro-inflammatory cytokine in patients with obesity is associated with insulin resistance, hypertension,
and dyslipidemia.

It is thought to play a role in the inflammatory response. It can stimulate the production of pro-
inflammatory cytokines, which may contribute to chronic inflammation often seen in obesity-
related conditions.

Enhances insulin sensitivity and has anti-inflammatory properties.
Positively influences lipid metabolism and has beneficial cardiovascular health.

Pro-inflammatory cytokine in patients with obesity is associated with insulin resistance and type 2 diabetes.

Decreases appetite and food intake.
Enhances energy expenditure and lipid metabolism.
Improves insulin sensitivity.

Improves insulin sensitivity.
Anti-inflammatory properties.

‘TNF-a, tumor necrosis factor alpha; interleukin-6, IL-6; CTRP1, Clq/tumor necrosis factor-related protein 1.

* A paradoxical state of resistance.

Increased*

Decreased

Increased

Increased

Increased

Increased

Decreased

Increased

Increased*

Increased*





OEBPS/Images/fendo.2025.1584861_cover.jpg
& frontiers | Frontiers in Endocrinology

Endocrine consequences of childhood
obesity: a narrative review





