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Abstract
The infantile, childhood, and adolescent periods of growth 
and development also represent times of increased vulner-
ability to stressors. Growth velocity in each period is depen-
dent on the interplay of genetic, environmental, dietary, 
socioeconomic, developmental, behavioral, nutritional, met-
abolic, biochemical, and hormonal factors. A stressor may im-
pact growth directly through modulation of the growth 
hormone axis or indirectly through other factors. The adap-
tive response to stressors culminates in behavioral, physio-
logical, and biochemical responses which together support 
survival and conservation of energy. The immediate response 
involves activation of the sympathetic nervous system and 
the hypothalamic-pituitary-adrenal axis. The time-limited 
stress response is at once antigrowth, antireproductive, and 
catabolic with no lasting adverse consequences. However, 
chronic activation of the stress system and hypercortisolism 
have consequential negative impacts on growth, thyroid 
function, reproduction-puberty, and metabolism. High cor-
tisol suppresses growth hormone-insulin-like growth factor 
1, hypothalamic-pituitary-gonadal, and thyroid axes and has 
been reported to be responsible for an increase in visceral ad-
iposity, a decrease in lean mass, suppression of osteoblastic 

activity with risk of osteoporosis, and induction of insulin 
resistance. Early-life adversities, emotional or physical, have 
been associated with long-term negative physical and mental 
health outcomes. Existing models of chronic stress corrobo-
rate that early-life adversities can affect growth and have con-
sequences in other aspects of well-being throughout the life-
span. Targeted interventions to reduce stress during infancy, 
childhood, and adolescence can have far-reaching benefits to 
long-term health as well as attaining adequate growth. In this 
review, we describe the neuroendocrinology of the stress re-
sponse, the factors influencing growth, and the impact of chron-
ic stress on growth during critical periods of infancy, childhood, 
and puberty with particular reference to growth, thyroid, and 
gonadal axis. © 2021 S. Karger AG, Basel

Introduction

Growth is necessary for the conservation of human 
life. Auxology comes from Greek (αὔξω, auxō, or αὐξάνω, 
auxanō, “grow”; and -λογία, -logia) and has been a subject 
of study for many ancient civilizations [1].

There are 4 distinct phases of human growth: antenatal/
fetal, infancy, childhood, and puberty, which ultimately 
determine adult height [2]. The prenatal/fetal period is 
determined by many different factors including gestational 
age and maternal factors such as body size, uterine growth 
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potential, nutrition, diabetes, blood pressure, and smoking 
[3]. Every child has a predetermined genetic growth po-
tential, which may be modulated by factors both in the 
prenatal period and in postnatal life [4]. Postnatal growth 
may be affected by various factors including prenatal growth, 
genetics, nutrition, socioeconomics, psychosocial, phys-
ical activity, urbanization, and disease [5]. Growth during 
infancy depends largely on nutrition, but after the first 
2 years of life, the hormonal regulators become more im-
portant. During puberty, sex steroids are responsible for the 
expected pubertal growth spurt. Optimal growth can only 
be achieved when all these factors operate in harmony [5].

Stress is defined as a state of threatened or perceived 
threatened homeostasis. The human body and mind react 
to stress by activating both adaptive central nervous sys-
tem (CNS) and peripheral nervous system responses. 
This is the “fight or flight” response [6, 7]. The adaptive 
response to stressors is protective in the survival of hu-
man life. In circumstances where the stressors have great-
er magnitude or persist longer, the stress response may be 
maladaptive – either inadequate or excessive. A maladap-
tive stress response may contribute to poor health out-
comes [6, 7].

The adaptive response to stress is determined by genet-
ic, environmental, and developmental factors. Prenatal 
life, infancy, childhood, and adolescence are critical peri-
ods characterized by increased vulnerability to stressors. 
If the magnitude or duration of a stressor is too large 
or long to permit restoration of homeostasis by adaptive 
processes, then growth, metabolism, reproduction, and 
inflammatory/immune response will be adversely affect-
ed [7]. The review is divided into the following sections: 
(i) the stress system and neuroendocrinology of stress 
response; (ii) factors of optimal growth during childhood 
and adolescence; (iii) growth-related hormonal adaptive 
response of stress; (iv) adversities and the consequences; 
(v) models of chronic stress affecting growth, with particular 
reference to growth, thyroid, and gonadal axis.

The Stress System and Neuroendocrinology of Stress 
Response

A stressor can be physical or psychological/emotional or 
a combination of both. Physical stressors include distur-
bances of the internal environment (anoxia and hypoglyce-
mia), external extremes (heat and cold), and multifaceted 
stressors (exercise and injury). Psychological/emotional 
stressors can include fear, anxiety, or frustration. Any 
stressor can activate the hypothalamic-pituitary-adrenal 

(HPA) axis [8]. The quality (physical or psychological), 
strength, and duration (acute or chronic) of any stressor, 
as well as constitution and state of the organism, influence 
the adaptive response to stress [9].

The stress system consists of neuroanatomical and 
functional networks that produce behavioral, physiologi-
cal, and biochemical changes to ensure maintenance of 
homeostasis. Any stressor is met with an adaptive central 
and peripheral response with aims of achieving restoration 
of homeostasis [6, 8].

Behavioral adaptation comprises increased arousal 
and alertness, increased cognition, vigilance and focused 
attention, euphoria or dysphoria, heightened analgesia, 
increased temperature, and suppression not only of feed-
ing but also of reproductive behavior. Peripheral or phys-
ical changes involve redirection of energy. Under these 
circumstances, oxygen and nutrients are redirected to 
allow for the stress response, both centrally and periph-
erally. An altered cardiovascular tone (increased blood 
pressure and heart rate) and simultaneous increase in 
respiratory rate, gluconeogenesis, and lipolysis together 
mobilize energy stores to vital organs. Nonvital processes, 
growth, reproduction, digestion, and immune function, 
are at the same time inhibited, aiming in supporting sur-
vival [6].

The adaptive response is coordinated by the central 
and peripheral limbs of the stress system. The system con-
stitutes of the parvicellular corticotropin-releasing hor-
mone (CRH) and arginine-vasopressin neurons of the 
paraventricular nuclei of the hypothalamus, the CRH 
neurons of the paragigantocellular and parabrachial 
nuclei of the medulla, and the locus coeruleus and the cat-
echolaminergic neurons of the locus coeruleus and other 
cell groups in the medulla and pons. The peripheral limb 
of the stress system contains the HPA axis, the efferent 
sympathetic-adrenomedullary system, and the components 
of the parasympathetic system [10].

Hypothalamic CRH is the principal regulator of the 
HPA axis and therefore has a coordinating role in stress 
response. CRH is responsible for secretion of adrenocor-
ticotropin hormone (ACTH) from the pituitary gland. CRH 
has a synergistic interaction with arginine-vasopressin, 
catecholamines, angiotensin II, and oxytocin [6]. ACTH 
subsequently acts on the adrenal cortex to promote the 
secretion of glucocorticoids and adrenal androgens by the 
zona fasciculata and reticularis and participates in the 
control of aldosterone secretion by the zona glomerulosa. 
Additional hormones, cytokines, and the autonomic ner-
vous system (ANS) act on the adrenal cortex and regulate 
cortisol secretion [7].
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Glucocorticoids have a main role in the control of 
stress response, by the regulation of the HPA axis and the 
negative feedback on the hypothalamus and pituitary, 
affecting the secretion of CRH and ACTH, respectively. 
This normal feedback mechanism limits an individual’s 
exposure to endogenous glucocorticoids, thus minimizing 
the catabolic, antireproductive, and immunosuppressive 
effects [11].

Central feedback at the level of the hypothalamus 
through reciprocal connections, with noradrenergic neu-
rons, also regulates CRH production. Serotonin and ace-
tylcholine cause positive stimulation to CRH and norad-
renergic neurons, in contrast with glucocorticoids, 
γ-aminobutyrate, ACTH, and opioid peptides which in-
hibit CRH and noradrenergic neurons [6, 7, 10].

The ANS responds rapidly to stressors and controls a 
wide range of functions. Cardiovascular, respiratory, gas-
trointestinal, renal, endocrine, and other systems are reg-
ulated by the sympathetic nervous system and the para-
sympathetic nervous system. The parasympathetic system 
and sympathetic systems have opposing functions and act 
to antagonize the effect of the other [11].

The sympathetic system has a humoral contribution, 
providing most of the circulating epinephrine and some 
of the norepinephrine from the adrenal medulla. In addi-
tion to the classic neurotransmitters acetylcholine and 
norepinephrine, both sympathetic and parasympathetic 
subdivisions of the ANS contain several subpopulations 
of target-selective and neurochemically coded neurons 
that express a variety of neuropeptides and in some cases 
ATP, nitric oxide, lipid mediators of inflammation, CRH, 
neuropeptide Y, somatostatin (SS), enkephalin, neuroten-
sin, and substance P [11].

Moreover, the stress system stimulates 3 other major 
CNS elements: the mesocorticolimbic dopaminergic or 
“reward” system [12], the amygdala-hippocampus complex 
[13], and the hypothalamic arcuate nucleus proopiomela-
nocortin neuronal system (α-melanocyte-stimulating 
hormone and β-endorphin). In addition, there are inter-
actions with thermoregulatory and appetite-satiety cen-
ters of the CNS [14].

Factors of Optimal Growth during Childhood and 
Adolescence

Growth is a complex dynamic process, with changing 
multifactorial influences through fetal life, infancy, child-
hood, and puberty. Growth at each of these developmental 
stages is determined by the interplay of factors including 

genetics, environmental, socioeconomic, developmental, 
behavioral, nutritional, metabolic, biochemical, and hor-
monal factors [15]. It is divided into 3 stages, according 
to the infancy-childhood-puberty growth model [2].

Growth during Infancy
Growth rate is high (25 cm/year) during the first year 

of life slowing in the second year. Nutrition is the main 
factor influencing growth during the first 2 years of life, 
and any nutritional difficulties or changes may impact 
height velocity and consequently height [15].

Growth during Childhood
After the 2 first years of life, children generally have 

a steadier growth until the onset of puberty. In this stage, 
hormonal regulators growth hormone (GH)-insulin-like 
growth factor 1 (IGF-1) and thyroid hormones are more 
important for growth than during the first years of life [15]. 
GH is the main hormone, which stimulates hepatic IGF-1 
production and chondrogenesis in the growth plate [3]. 
GH secretion is controlled by 3 peptide hormones, hypo-
thalamic GH-releasing hormone, hypothalamic SS, and 
ghrelin. IGF-1 mediates a negative feedback control of 
GH secretion by acting directly on the somatotroph and 
on hypothalamic GH-releasing hormone and SS neurons. 
Moreover, GH secretion is also regulated by metabolic 
cues (insulin, glucose, and nonesterified fatty acids inhibit 
secretion while certain amino acids, such as arginine, 
stimulate secretion) and adiposity (negative effect) [16]. 
Thyroid hormones have an important role on growth. 
Throughout growth, thyroid hormones regulate bone turn-
over and bone mineral density, stimulate clonal expansion 
of chondrocyte progenitor cells, inhibit subsequent cell 
proliferation, and promote hypertrophic chondrocyte 
differentiation and cell volume expansion [17].

Growth during Puberty
Puberty is the transitional period between childhood and 

adulthood when substantial growth, development of sec-
ondary sex characteristics, and reproductive capacity are 
attained. The onset of puberty is triggered by the combined 
action of the somatotropic (GH/IGF-1) and gonadotropic 
(gonadotropin-releasing hormone [GnRH] – luteinizing 
hormone/follicle-stimulating hormone – sex steroid) hor-
mone axes, the latter of which stimulates the former to pro-
duce the pubertal growth spurt [18]. The maximum growth 
rate, peak height velocity, occurs during puberty at around 
12 years in girls and 14 years in boys. However, there is a large 
individual as well as ethnic variation in the timing and tempo 
of pubertal development and growth patterns [16].
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Leptin
Leptin is a hormone secreted mainly by white adipose 

cells but is also produced in other tissues such as skeletal 
muscle, placenta, and pituitary gland. Leptin stimulates 
GH secretion by acting at the level of the hypothalamus 
[19]. It has also been shown to have a local effect in the 
growth plate by stimulating chondrocyte proliferation 
and cell differentiation [20].

Growth-Related Hormonal Adaptive Response of 
Stress

The adaptive response of stress occurs in 2 phases. 
The first phase begins within seconds and involves:  
(i) increased release of epinephrine and norepineph-
rine from the sympathetic nervous system; (ii) secre-
tion of hypothalamic CRH into the hypophyseal portal 
system and subsequent enhanced release of ACTH;  
(iii) decreased release of hypothalamic GnRH followed 
by decreased secretion of follicle-stimulating hormone 
and luteinizing hormone from the anterior pituitary; 
(iv) enhanced secretion of pituitary-derived prolactin 
and GH and increased release of glycogen from the 
pancreas. The second phase of hormonal secretion oc-
curs later in which glucocorticoid secretion dominates 
[21].

In most circumstances of health, the stress response is 
designed to be an acute time-limited response in which 
the initial stressor is present for a short duration only. The 
usually time-limited stress response is at once antigrowth, 
antireproductive, catabolic, and immunosuppressive. In 
short term, these effects are beneficial and have no lasting 
adverse consequences to the individual. However, chron-
ic activation of the stress system may lead to a maladaptive 
stress response in part related to a sustained increase in 
CRH and glucocorticoid production [7]. Under these cir-
cumstances of chronic activation of stress, the response of 
the HPA axis becomes maladaptive with consequential 
negative impacts on growth, thyroid function, reproduc-
tion-puberty, and metabolism (shown in Fig. 1).

Impact on GH/IGF-1 Axis
The GH/IGF-1 axis is inhibited at many levels during 

stress. First, the prolonged activation of the HPA axis cul-
minates in increased levels of circulating glucocorticoids 
which have a direct effect on suppression of GH secretion 
from the pituitary gland. Glucocorticoids also inhibit the 
effects of IGF-1 and GH on their target tissues [22]. 
Conversely, acute elevations of GH concentration in plasma 
may occur at the onset of the stress response or after acute 
administration of glucocorticoids, presumably through 
stimulation of the GH gene by glucocorticoids through 
glucocorticoid-responsive elements in its promoter region. 
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Gonadal Axis ↓ FSH/LH ↓ Sex Steroids
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Fig. 1. The detrimental effect of stress on growth and metabolism. a Chronic activation of stress inhibits the growth 
axis, gonadal axis, and thyroid axis and increases the production of cortisol. b Hypercortisolism consequences on 
growth. FSH, follicle-stimulating hormone; LH, luteinizing hormone; TSH, thyroid-stimulating hormone.

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/96/1/25/3952586/000521074.pdf by guest on 11 M
arch 2024



Stress and Growth 29Horm Res Paediatr 2023;96:25–33
DOI: 10.1159/000521074

This stimulation of GH is not sustained with chronic ac-
tivation of stress [23]. In addition, CRH, which is elevated 
during stress, stimulates hypothalamic SS secretion and 
causes GH suppression.

Impact on Thyroid Function
Activation of the HPA axis is associated with decreased 

production of TSH and inhibition of the conversion of the 
relatively inactive thyroxin to the more biologically active tri-
iodothyronine in peripheral tissues (the “sick euthyroid” 
syndrome) [24]. The effect, in acute stress, may serve to con-
serve energy and therefore be adaptive in short term. The 
exact mechanism is not known, but both increased levels 
of SS and glucocorticoids have been proposed. In addition, 
inflammatory stress may have a putative role in inhibition of 
TSH secretion through the effect of pro-inflammatory cyto-
kines on both the hypothalamus and the pituitary [11].

Impact on Hypothalamic-Pituitary-Gonadal Axis
Pubertal growth is affected not only through inhibition 

of GH but also through the inhibition of gonadotrophins. 
The suppression of GnRH neurons occurs by direct ac-
tion of CRH on GnRH neurons of the arcuate nucleus of 
the hypothalamus and indirectly through arcuate proopi-
omelanocortin neuron b-endorphin [25]. Glucocorticoids 
inhibit GnRH, gonadotrophins, and the gonads and render 
target tissues of sex steroids resistant to these hormones. 
Suppression of gonadal function, in chronic HPA axis ac-
tivation, has been demonstrated in highly trained athletes 
of both sexes [26], in ballet dancers [11], and in individuals 
diagnosed with anorexia nervosa [27] or during episodes 
of negative energy balance [28]. During inflammatory 
stress, cytokines have also been proposed to suppress the 
reproductive system [11].

Impact on Metabolism
Glucocorticoids directly inhibit GH, gonadotropins, 

and TSH secretion and make the target tissues of sex ste-
roids and growth factors resistant to these hormones. Thus, 
glucocorticoids antagonize the beneficial actions of GH 
and sex steroids on fat tissue (lipolysis) and muscle and bone 
anabolism. Chronic activation of the stress system would be 
expected to increase visceral adiposity, decrease lean body 
(muscle and bone) mass, and suppress osteoblastic activ-
ity [29]. A clinical phenotype, relating to cortisol excess, is 
shared amongst individuals with Cushing syndrome and 
with a “pseudo-Cushing syndrome” caused by combined 
diagnoses of melancholic depression or chronic anxiety dis-
order and the metabolic syndrome (visceral adiposity, insu-
lin resistance, dyslipidemia, and hypertension) [7].

Stress may have additional adverse effects including 
osteoporosis and insulin resistance. Hypercortisolism, 
decreased GH/IGF-1 concentrations, and hypogonadism 
together may be responsible for a low bone turnover 
osteoporosis [7]. The stress response combined with cor-
tisol excess induces a state of relative insulin resistance 
through both hepatic gluconeogenesis and peripheral re-
sistance to insulin [30].

Adversities and the Consequences

Infancy, childhood, and adolescence are periods of in-
creased plasticity for the stress system and are, therefore, 
particularly sensitive to stressors. Excessive or sustained 
activation of the stress system during these critical peri-
ods may have more dramatic effects. Stressors may have a 
permanent effect on the organism, reminiscent of the 
“organizational” effects of several hormones exerted on 
certain target tissues, which lasts long after cessation of 
the exposure to these hormones [7, 31].

Exposure to frequent, prolonged, or intensely negative 
experiences in childhood (early-life adversity) has been 
associated with long-term negative health outcomes, in-
cluding ischemic heart disease, cancer, diabetes, asthma, 
and premature death, among others [32]. Early child-
hood, adolescent, and concurrent stress predicted adult 
health outcomes at the age of 32 years [33]. Early child-
hood and adolescent stress both showed a “dual-risk” pat-
tern, such that experiencing higher stress, and predicted 
the worst health outcomes. Higher maternal sensitivity, 
however, buffered these deleterious effects [33].

Models of Chronic Stress Affecting Growth

Prenatal Stress
Prenatal adversities including prenatal maternal psy-

chosocial stress [34], alcohol use [35], and factors increas-
ing the risk for low birth weight [36] have consistently 
been associated with HPA hyperreactivity to stress, a pro-
cess known as “prenatal programming.” Mothers contrib-
ute behavioral, chemical, and nutritional input during the 
fetal and early postnatal period and thus define the early-
life environment. In addition, microbiome and microbial 
composition, which has been associated with growth in 
infants and children, is affected by prenatal stress [37].

Early adversities have been shown to have epigenetic 
effects on gene expression [38], which can explain how the 
early environment affects the adult phenotype. Since genetic 
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influences operate throughout life [39], studies disen-
tangling genetic and fetal environmental factors on stress 
responses and health should investigate their interplay 
across development.

Malnutrition
The first 2 years of life is a critical period when adequate 

nutrition and appropriate care are essential. Malnutrition is 
associated with a double burden: stunting of linear growth 
and subsequent obesity and noncommunicable diseases in 
adults [40]. Malnutrition and chronic illness affect growth 
rate, and, with increasing severity and duration, it may re-
sult in a shorter than predicted adult height. Nevertheless, 
catch-up in height can occur even with longstanding star-
vation, as noted in Norwegian children following the Ger-
man occupation during World War II [41]. The catch-up 
growth is characterized by the height velocity above the 
upper limit of normal for age and sex at least 1 year follow-
ing a transient period of growth retardation [18].

Infantile malnutrition is characterized by hypercor-
tisolism, diminished responses to CRH stimulation, in-
complete suppression of the HPA axis by dexamethasone, 
and alterations in the thyroid function reminiscent of 
the sick euthyroid syndrome [7]. All these abnormalities 
are restored following nutritional rehabilitation [42]. 
This condition is characterized by an increase in GH secre-
tion, which is due to starvation-induced hyposecretion 
of IGF-1 [7].

Psychosocial Short Stature
Psychosocial short stature is characterized by growth 

failure associated with an abusive environment. The char-
acteristic clinical presentation is either of short stature or 
growth failure with a normal body mass index and greater 
than anticipated appetite. Psychosocial short stature has the 
characteristic features of partial and temporary reversible 
GH deficiency, with a dramatic improvement in growth 
rate upon a change to a more suitable environment [43]. 
In addition to low GH secretion, children have impaired 
thyroid function and biochemical findings reminiscent of 
those of the sick euthyroid syndrome [7].

Reactive Attachment Disorder of Infancy
Reactive attachment disorder of infancy is a similar 

condition to psychosocial short stature. The disorder de-
velops when attachment between an infant and their pri-
mary caregiver does not happen, or it is interrupted due 
to negligent care. This often occurs when the caregiver is 
intellectually disabled, when they lack parenting skills, or 
when there is a frequent change in caregivers. The condition 

usually presents before the age of 8 months with failure to 
thrive, lack of developmentally appropriate social respon-
siveness, and apathy [44].

Maternal separation is a stressful situation for an infant. 
The specific suppression of GH is one of the hallmarks of 
this condition. As described above, the chronic activation 
of the stress system leads to a sustained increase in CRH 
and glucocorticoid production which cause hypothalamic 
SS secretion, suppression of GH secretion from the pitu-
itary gland, and resistance of target tissues to IGF-1 and 
GH actions. These children recover without any medica-
tions during hospitalization or after placement into a car-
ing environment [45]. It is sometimes observed in prema-
ture infants, especially after prolonged hospitalization in 
the intensive care unit [7].

Hospitalization/Emotional Deprivation
Hospitalization, if prolonged, can cause growth and de-

velopmental retardation of children. This is an example of 
nonorganic failure to thrive particular to children resident in 
institutions for extended periods resulting in emotional de-
privation. Observations in a foundling hospital suggested 
that very few of the children were of normal height or weight, 
and that the mortality rate was much higher than average, in 
spite of cleanliness and adequate food [18]. In contrast, ob-
servations in a prison hospital where mothers fed and inter-
acted with their infants and where toys, perceptual stimuli, 
and opportunities for movement were available, the infants 
thrived, and the mortality rate was considerably lower [18].

Children who experienced institutional care during 
infancy have impaired responsiveness of the HPA axis to 
psychosocial stressors. The emotional and/or nutritional 
deprivation precludes adequate environmental stimula-
tion and nutrition for normal physiologic growth, and the 
stress of psychological harassment underlies abnormal 
circadian rhythms and suppression of GH release [46]. 
The blunted cortisol response can carry over into adulthood 
even if the children are placed in supportive, well-resourced 
homes [47]. However, the peripubertal period may be a 
second period of plasticity to permit the HPA axis to re-
calibrate to a physiological state [18].

Inhibited Child Syndrome
Inhibited child syndrome involves a hyperactive or hy-

perreactive amygdala generating excessive and prolonged 
fear and hence anxiety. The predicted somatic consequenc-
es of this hyperactive stress system include delayed growth 
and puberty and components of the metabolic syndrome, 
such as visceral obesity, insulin resistance, hypertension, 
dyslipidemia, cardiovascular disease, and osteoporosis [7].
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Wars/Immigration
In the stressors inflicted upon by war in childhood, 

wasting and severe acute malnutrition are common indi-
cators to assess the impact in the acute phase, whereas 
poor growth may reflect longer-term effects. Poor growth 
has been more frequently documented in conflict-affected 
countries than the subregional trends and does not show 
improvement after conflict [48]. Possible negative effects 
on growth, health, and psychosocial adaptation have been 
reported amongst immigrant children living in low-income, 
disadvantaged communities with a high prevalence of 
poor lifestyle habits. In general, age at menarche was low-
er in immigrant girls, while male pubertal progression 
seemed faster in immigrants than in European natives, 
even when puberty began later [49].

Disease
Chronic illness (congenital heart disease, chronic 

kidney disease, liver disease, cystic fibrosis, and can-
cer) puts children at risk for developing malnutrition. 
The pathogenetic mechanisms causing malnutrition in 
children with chronic disease are multifactorial and are 
often related to the underlying disease and possible inflam-
mation or malabsorption, and also nonillness-associated 
factors [50].

Growth can be negatively impacted in context of chron-
ic disease by a combination of any of malnutrition, inflam-
mation, and treatments. There is also a possible role of 
chronic activation of the stress response which often ac-
companies living with a chronic illness which can also in-
hibit growth. The persistent activation of the HPA axis in 
the chronic stress response and in depression probably im-
pairs the immune response and contributes to the develop-
ment and progression of some types of cancer [51].

Intense Exercise
Intense physical training even in healthy children (i) 

alters stress, immune, and inflammatory mediators includ-
ing peripheral blood mononuclear cells and circulating 
pro- and anti-inflammatory cytokines, which play impor-
tant roles in a variety of pediatric and adult diseases; (ii) 
stimulates the production of reactive oxygen species which 
play a key role in the development of metabolic syndrome, 
type 2 diabetes, hypertension, and cardiovascular disease; 
and (iii) has long-term health effects in critical periods 
(early life and in the pubertal transition) [52].

Rhythmic gymnasts performing under conditions of 
high intensity are exposed to high levels of psychological 
stress and intense physical training. These factors likely 
contribute to the observed pattern of growth and delay in 

skeletal maturation and pubertal development. Despite the 
delay in skeletal maturation, genetic predisposition of height 
is not only preserved but also sometimes exceeded [53].

Conclusion

Physical and emotional stress is commonly encoun-
tered throughout the lifespan. The periods of infancy, 
childhood, and adolescence which are important for 
growth and development also represent times of in-
creased vulnerability to stressors. Early-life adversities 
may have a greater influence on growth and puberty. 
The activation of the stress system produces behavioral, 
physiological, and biochemical changes as part of an 
adaptive response. The aims of this response are both in 
improving survival and conserving energy and include 
suppression of the GH/IGF-1, hypothalamic-pituitary-
gonadal, and hypothalamic-pituitary-thyroid axes such 
that stress is at the same time antigrowth, antireproduc-
tive, and catabolic. In the longer term, hypercortisolism 
can be responsible for an increase in visceral adiposity, 
decreased lean body (muscle and bone) mass, suppression 
of osteoblastic activity resulting in osteoporosis, and an 
increase in insulin resistance.

Chronic stress is associated with negative physical and 
mental health outcomes later in life. Children and adoles-
cents may be especially vulnerable to severe stressors with 
potentially irreversible effects if these exposures occur 
during critical periods of development and brain matura-
tion. Interventions to manage and decrease stress during 
childhood and adolescence in children should aim to 
achieve optimal growth and timing of puberty.
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