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Abstract

Adolescence, characterized by rapid physical, psychological, and emotional changes demonstrates significant shifts in autonomic 
nervous system (ANS) functioning, metabolic processes, and psychological well-being. Apart from serving as a homeostatic 
tool for survival, ANS controls nutrient absorption and energy expenditure. A disordered system can lead to several clinical 
disorders including numerous psychophysiological phenomena. ANS physiology and pathophysiology are closely related to the 
metabolic and psychosocial abnormalities in teenagers which eventually highlight the much needed comprehensive adolescent 
health care. An understanding of the complex interplay between these factors is critical to address adolescent health needs 
through an integrated strategy. Thus the mini review in written to throw light on the relationships among ANS physiology, 
metabolic diseases, and psychosocial abnormalities in teenagers and to emphasize the importance of these relationships for 
comprehensive adolescent health care.      
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Introduction

Adolescence is a critical period characterized by rapid 
physical, psychological, and emotional changes. During this 
developmental phase, adolescents experience significant 
shifts in their autonomic nervous system (ANS) functioning, 
metabolic processes, and psychological well-being. 
Understanding the complex interplay between these factors 
is critical to comprehensively addressing adolescent health 
needs. The purpose of this article is to clarify the relationships 
among ANS physiology, metabolic diseases, and psychosocial 
abnormalities in teenagers and to emphasize the importance 

of these relationships for comprehensive adolescent health 
care.

Physiology of ANS
The ANS controls several involuntary body processes, 
such as blood pressure, digestion, heart rate, and urine. 
Furthermore, the ANS regulates the stress reactions. From 
the moment of birth until death, the human body experiences 
stress for a variety of reasons, such as the shift from 
childhood to adolescence, work deadlines or assignment 
submissions, financial difficulties, or interpersonal 
interactions. These circumstances cause the body to go 
through a complicated process known as the fight-or-flight 
reflex. The parasympathetic and sympathetic branches of the 
ANS act as a mediating factor in this. Stress causes the body 
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to activate its Sympathetic branch, which sets in motion all 
physiological processes aimed at protecting the body and 
ensuring survival. Increases in blood pressure, heart rate, 
and breathing are reactionary measures that direct energy 
toward the muscles to prepare the body for combat or flight. 
The parasympathetic branch functions in the opposite way 
to encourage relaxation and healing to replace the energy 
used during the process. To conserve energy, it also reduces 
blood pressure, decreases the heart rate, and facilitates other 
body functions including digestion. The Autonomic Nervous 
System (ANS) is a vital component of the body’s survival 
that functions at a level below consciousness. It serves as 
a weapon for fight-or-flight and rest-and-digest, and it is 
essential for controlling nutrient absorption and energy 
expenditure. When this becomes disordered, it can lead to 
several clinical disorders. Numerous psychophysiological 
phenomena may ensue. As a result, maintaining the right 
balance between the two branches of the ANS is crucial for 
the human body to remain in a state of homeostasis. The 
ANS is also linked to the development of normal mental 
states. Changes in metabolism can have an effect on insulin 
sensitivity and weight regulation if there are disruptions in 
one or both branches. Diabetes and other chronic illnesses 
may arise from it [1].

Changes in Adolescence
Significant physical, mental, and emotional changes occur 
during adolescence as a person moves from childhood 
to maturity. This phase of development is crucial for the 
autonomic nervous system (ANS), as it goes through a 
maturation and refinement process. This has significant 
knock-on effects on behaviour and health. Early childhood 
is characterized by sympathetic nervous system dominance, 
with the individual largely in a fight-or-flight state for quick 
action. However, the transition to adulthood is accompanied 
by a substantial change in ANS activity. Silvetti MS, et al. 
reported that heart rate variability (HRV) is an important 
indicator of ANS activity which shows a gradual increase 
in parasympathetic tone and a decrease in sympathetic 
dominance throughout adolescence [2]. Studies also reported 
that the nervous system matures to be better equipped to 
handle stress in adult life and also promote rest and recovery 
[3,4].

Subsequent research revealed that altered baroreflex 
sensitivity and elevated stress reactivity were among the 
pathophysiological symptoms brought on by increased 
sympathetic activity and decreased parasympathetic tone 
[5]. It has also been noted that individual variations have 
an additional impact on the ANS’s development during 
adolescence. The rate and course of this maturation can be 
influenced by both genetic and environmental influences. 
Adolescents who are subjected to prolonged stress, for 

example, may have delayed or disrupted ANS development, 
which could make them more susceptible to behavioural 
and health issues [6]. These ANS abnormalities can affect 
teenagers’ general well-being by causing a range of health 
issues, such as gastrointestinal, sleep, and cardiovascular 
ailments [7]. 

Metabolic Illnesses
Significant metabolic alterations, such as adjustments to 
lipid profiles, insulin sensitivity, and glucose metabolism, 
are another hallmark of adolescence. During this time, 
metabolic control is influenced by changes in nutrition and 
physical activity, pubertal growth spurts, and hormonal 
swings. Adolescents who exhibit insulin resistance, a 
defining feature of the metabolic syndrome, are more likely 
to become obese, develop type 2 diabetes and experience 
cardiovascular problems [8]. In addition, disorders of lipid 
metabolism, characterized by elevated levels of triglycerides 
and low-density lipoprotein cholesterol, further increase the 
risk of atherosclerosis and metabolic dysregulation in this 
population [9].

Psychological Aberrations
As ANS activities shift chronologically with development, 
significant implications are indicated on adolescent health 
and behaviour. Adolescents demonstrate enhanced risk-
taking and emotional reactivity, an indicator of heightened 
arousal associated with a dominant sympathetic system 
during early adolescence. Studies have shown associations 
between lower HRV, indicative of lower parasympathetic 
activity, and increased risk-taking tendencies in adolescents 
[10]. Psychological stressors can impact the brain and 
trigger ANS imbalances that will exacerbate metabolic and 
emotional difficulties. An imbalanced ANS, with prolonged 
sympathetic activity and insufficient parasympathetic 
engagement, has been linked to internalizing symptoms like 
anxiety and depression in adolescents [11]. Adolescents often 
experience delayed sleep onset and irregular sleep patterns, 
which may be partially explained by the ongoing maturation 
of the ANS. This indicates that the developing ANS also plays 
a role in sleep regulation, which eventually affects the health 
of the individual [5]. Research studies have generated pieces 
of evidence that support the assertion that adult mental 
disorders begin in adolescence. It has been found that almost 
half of all adult mental health disorders begin in the teenage 
years. This may be linked to the developmental neurobiology 
of the brain during adolescent years and implicates attention 
to mental health issues [12,13] An integrated approach to 
adolescent health care:

An Integrated Strategy for the Treatment of Teenage Health 
Research indicates that about 50% of adult mental health 
illnesses have their genesis in adolescence. This suggests 
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that attention to mental health issues is related to the 
neurobiology of the developing teenage brain [12,13].

To effectively design treatments that enhance the health and 
well-being of adolescents, it is imperative to acknowledge 
the interconnectedness of ANS physiology, metabolic 
abnormalities, and psychological aberrations. Adolescents 
have complicated demands that call for a multidisciplinary 
strategy that incorporates lifestyle, psychological, and 
medical interventions. Biofeedback techniques and 
mindfulness-based stress reduction are two interventions 
that target the control of the autonomic nervous system 
(ANS) and may help decrease physiological stress reactions 
and enhance overall autonomic balance. In a similar vein, 
dietary, physical activity, and good sleep hygiene adjustments 
are crucial for the management of metabolic diseases and the 
promotion of metabolic health in teenagers [8]. Furthermore, 
adolescents with psychological issues can benefit from 
psychotherapy interventions such as cognitive-behavioural 
therapy and interpersonal therapy, which can help them 
become more resilient [14]. The pathophysiology of several 
mental diseases has been linked to dysregulated ANS activity 
and metabolic abnormalities, highlighting the significance 
of targeting these physiological aspects in psychological 
therapies [15].

Conclusion

Understanding the interconnectedness of these factors 
is critical to promoting the holistic health of adolescents 
and addressing the complex array of physiological and 
psychological issues they face. By adopting an integrated 
approach that addresses ANS dysregulation, metabolic 
disturbances, and psychological aberrations, healthcare 
providers can optimize outcomes and support adolescents 
as they navigate this transformative phase of development.

References

1.	 Mantantzis K, Schlaghecken F, Sunram-Lea SI, Maylor 
EA (2019) Sugar Rush or Sugar Crash? A Meta-Analysis 
of Carbohydrate Effects on Mood. Neuroscience & 
Biobehavioral Reviews 103: 256-572.

2.	 Silvetti MS, Drago F, Ragonese P (2001) Heart Rate 
Variability in Healthy Children and Adolescents is 
Partially Related to Age and Gender. International 
journal of cardiology 81(2-3): 169-174.

3.	 Harteveld LM, Nederend I, Harkel ADJT, Schutte NM, 
Rooij SRD, et al. (2021) Maturation of the Cardiac 
Autonomic Nervous System Activity in Children and 
Adolescents. Journal of the American Heart Association 
10(4): e017405.

4.	 Lenard Z, Studinger P, Mersich B, Kocsis L, Kollai M 
(2004) Maturation of Cardiovagal Autonomic Function 
from Childhood to Young Adult Age. Circulation 110(16): 
2307-2312.

5.	 El-Sheikh M, Erath SA (2011) Family Conflict, Autonomic 
Nervous System Functioning, and Child Adaptation: 
State of the Science and Future Directions. Development 
and Psychopathology 23(2): 703-721.

6.	 Agorastos A, Pervanidou P, Chrousos GP, Baker DG 
(2019b) Developmental Trajectories of Early Life Stress 
and Trauma: A Narrative Review on Neurobiological 
Aspects beyond Stress System Dysregulation. Front 
Psychiatry 10: 118.

7.	 Sánchez-Manso JC, Gujarathi R, Varacallo M (2024) 
Autonomic Dysfunction. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing.

8.	 Chhabra N, Chhabra S, Kukreja S (2023) Insulin 
Resistance and Cardiovascular Risk Factors in Obese 
Adolescents. Current Diabetes Reports 29(5): 127-128.

9.	 Sahoo K, Sahoo B, Choudhury AK, Sofi NY, Kumar R, et 
al. (2015) Childhood Obesity: Causes and Consequences. 
Journal of Family Medicine and Primary Care 4(2): 187-
192.

10.	 McEwen BS (2017) The Ever-Elusive Role of Stress in 
Promoting, Protecting and undermining Neuroplasticity: 
Implications for understanding Mood Disorders. 
Neuropsychopharmacology 42(7): 249-264.

11.	 Brito MC, Firouzabadi SK (2017) The Role of the 
Autonomic Nervous System in Adolescent Metabolic 
Regulation and Dysfunction. Child development 
perspectives 11(3): 179-185.

12.	 Jones PB (2013) Adult Mental Health Disorders and 
their Age at onset. The British Journal of Psychiatry 54: 
s5-s10.

13.	 Harrington R, Fudge H, Rutter M, Pickles A, Hill J 
(1990) Adult outcomes of Childhood and Adolescent 
Depression. I. Psychiatric Status. Archives of General 
Psychiatry 47(5): 465-473.

14.	 Weersing VR, Weisz JR (2002) Community Clinic 
Treatment of Depressed Youth: Benchmarking usual 
Care against CBT Clinical Trials. Journal of Consulting 
and Clinical Psychology 70(2): 299-310.

15.	 Beauchaine TP, Thayer JF (2015) Heart Rate Variability 
as a Transdiagnostic Biomarker of Psychopathology. 
International Journal of Psychophysiology 98(2): 338-
350.

https://academicstrive.com/ANPL/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/
https://www.sciencedirect.com/science/article/abs/pii/S0149763418309175?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0149763418309175?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0149763418309175?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0149763418309175?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/11744133/
https://pubmed.ncbi.nlm.nih.gov/11744133/
https://pubmed.ncbi.nlm.nih.gov/11744133/
https://pubmed.ncbi.nlm.nih.gov/11744133/
https://pubmed.ncbi.nlm.nih.gov/33525889/
https://pubmed.ncbi.nlm.nih.gov/33525889/
https://pubmed.ncbi.nlm.nih.gov/33525889/
https://pubmed.ncbi.nlm.nih.gov/33525889/
https://pubmed.ncbi.nlm.nih.gov/33525889/
https://pubmed.ncbi.nlm.nih.gov/15477404/
https://pubmed.ncbi.nlm.nih.gov/15477404/
https://pubmed.ncbi.nlm.nih.gov/15477404/
https://pubmed.ncbi.nlm.nih.gov/15477404/
https://pubmed.ncbi.nlm.nih.gov/23786705/
https://pubmed.ncbi.nlm.nih.gov/23786705/
https://pubmed.ncbi.nlm.nih.gov/23786705/
https://pubmed.ncbi.nlm.nih.gov/23786705/
https://pubmed.ncbi.nlm.nih.gov/30914979/
https://pubmed.ncbi.nlm.nih.gov/30914979/
https://pubmed.ncbi.nlm.nih.gov/30914979/
https://pubmed.ncbi.nlm.nih.gov/30914979/
https://pubmed.ncbi.nlm.nih.gov/30914979/
https://pubmed.ncbi.nlm.nih.gov/28613638/
https://pubmed.ncbi.nlm.nih.gov/28613638/
https://pubmed.ncbi.nlm.nih.gov/28613638/
https://www.endocrinepractice.org/article/S1530-891X(23)00492-5/fulltext
https://www.endocrinepractice.org/article/S1530-891X(23)00492-5/fulltext
https://www.endocrinepractice.org/article/S1530-891X(23)00492-5/fulltext
https://pubmed.ncbi.nlm.nih.gov/25949965/
https://pubmed.ncbi.nlm.nih.gov/25949965/
https://pubmed.ncbi.nlm.nih.gov/25949965/
https://pubmed.ncbi.nlm.nih.gov/25949965/
https://pubmed.ncbi.nlm.nih.gov/23288502/
https://pubmed.ncbi.nlm.nih.gov/23288502/
https://pubmed.ncbi.nlm.nih.gov/23288502/
https://pubmed.ncbi.nlm.nih.gov/2184797/
https://pubmed.ncbi.nlm.nih.gov/2184797/
https://pubmed.ncbi.nlm.nih.gov/2184797/
https://pubmed.ncbi.nlm.nih.gov/2184797/
https://psycnet.apa.org/record/2002-02267-004
https://psycnet.apa.org/record/2002-02267-004
https://psycnet.apa.org/record/2002-02267-004
https://psycnet.apa.org/record/2002-02267-004
https://pubmed.ncbi.nlm.nih.gov/26272488/
https://pubmed.ncbi.nlm.nih.gov/26272488/
https://pubmed.ncbi.nlm.nih.gov/26272488/
https://pubmed.ncbi.nlm.nih.gov/26272488/

	_GoBack
	Abstract
	Introduction
	Physiology of ANS
	Changes in Adolescence
	Metabolic Illnesses
	Psychological Aberrations

	Conclusion
	References

