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Abstract—In our modern society, there’s growing attention 
to spinal health. China Children’s Development Center 
reports a troubling 20% incidence of scoliosis in Chinese 
children and adolescents. This phenomenon also happened 
in other countries, which underscores the urgency of 
studying scoliosis in adolescents. This paper bases on 
previous research to investigate the vitamin D’s influence on 
adolescent scoliosis, including the condition’s basics, 
underlying mechanisms, and the latest research results. It 
primarily focuses on how vitamin D affects bone health, its 
role in Adolescent Idiopathic Scoliosis (AIS), and the causes 
of AIS. Through a comprehensive analysis of professional 
research literature, it becomes evident that vitamin D plays 
a vital role in scoliosis. Its primary mechanisms include 
enhancing bone density, supporting musculoskelet al health, 
and interacting with the vitamin D receptor, all pivotal for 
bone metabolism. Vitamin D is closely related to the central 
nervous system and brain development. It has an impact on 
the endocrine system, bone development, muscle growth, 
and central nervous system development, which are 
intricately linked to the origins of AIS. In conclusion, 
vitamin D shows promise for preventing and treating AIS. 
This study aims to provide insights into AIS of adolescent 
spinal healthcare, raise awareness of protecting Spinal 
health among adolescents and society, and ultimately 
improve human’s health.  

Keywords—Adolescent Idiopathic Scoliosis (AIS), vitamin D, 
cause, mechanism, method  

I. INTRODUCTION

In recent years, the impact of spinal sub health on 
society has become increasingly evident, especially 
among younger individuals. As our society continues to 
advance, the focus on spinal health, both within our 
country and globally, is steadily growing. 

The spine, composed of 33 vertebrae, is often referred 
to as the body’s second lifeline. It is a crucial part of the 
human body, serving as the central axis for physical 
movements and the maintenance of our posture. 
Additionally, it plays a role in cushioning the body from 
shocks, providing protection to our internal organs. 

According to statistics from the China Children’s 
Development Center, the incidence of scoliosis among 
children and adolescents in China has reached a 
concerning 20%. Research from Beijing University of 

Manuscript received September 23, 2024; revised October 29, 2024; 
accepted December 6, 2024; published February 25, 2025. 

Chinese Medicine indicates that a significant portion of 
adults, around 80%, who experience symptoms like 
headaches, dizziness, blurred vision, lower back strain, 
limb discomfort, and numbness can trace these issues 
back to spinal abnormalities during their childhood and 
adolescence [1]. 

Some of the more common spinal conditions include 
lumbar spondylosis and cervical spondylosis. Patients 
suffering from these diseases mainly show symptoms 
such as headache, dizziness, elevated blood pressure and 
arrhythmia. In some cases, individuals may also 
experience nausea, vomiting, stomach pain, diarrhea, and 
sexual dysfunction [2]. Hence, it is imperative that we 
prioritize research into scoliosis during childhood and 
adolescence, as this issue cannot be overlooked.  

During childhood and adolescence, scoliosis can 
manifest in various forms, including primary scoliosis, 
congenital scoliosis, neuromuscular scoliosis, and 
Adolescent Idiopathic Scoliosis (AIS). However, AIS is 
the most common type of scoliosis. There are several 
factors that may contribute to the development of AIS. 
These include factors such as height, gender, a family 
history of spinal diseases, inappropriate classroom chair 
height, incorrect standing posture, improper sitting 
posture, and a deficiency of vitamin D in the diet [3]. 

Vitamin D is a fat-soluble vitamin that belongs to a 
group of steroid-derived compounds with anti-rickets 
properties [4]. The two main forms are vitamin D3 and 
vitamin D2. Research suggests that a deficiency of 
vitamin D in the diet is a significant cause of AIS, with 
severe implications for the spinal health of adolescents. 
Researchers and society are currently focused on finding 
solutions to this issue in hopes of bringing relief to 
affected individuals. 

With a foundation of previous research on the 
influence of vitamin D on adolescent scoliosis, this paper 
is based on these latest findings. It conducts an analytical 
study of the relevant aspects concerning the impact of 
vitamin D on scoliosis. This includes fundamental 
information about the condition, the underlying 
mechanisms, and the latest research findings. The 
primary focus of this study is on understanding the causes 
of AIS, exploring the effects of vitamin D on bone health, 
and assessing the influence of vitamin D on AIS. 

Through this research analysis, the aim is to provide 
scoliosis patients with valuable insights for better 
treatment and contribute meaningful value to future 
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medical research. Simultaneously, it seeks to raise 
awareness about spinal health issues, enabling those 
already affected by the condition to have a better 
understanding of their condition and encouraging those 
who have not been affected to take spinal health seriously, 
ultimately aiding in the prevention of scoliosis. 

This proposal will analyze research content in distinct 
sections. Introduction begins with an overview of spinal 
function, common diseases, and introduces the topic of 
scoliosis. Discuss the scoliosis types, the influencing 
factors, and the impact of vitamin D on AIS. Emphasize 
the importance of exploring the role of vitamin D in 
spinal health and outline research objectives and methods. 
In the next section, we get know the structure of vitamin 
D and its functions, spinal physiology, scoliosis definition, 
and AIS clinical manifestations, and we also analyze AIS 
causes and the vitamin D-AIS relationship. Finally, we 
discuss our research in two aspects, the first one is to 
explore mechanisms of vitamin D in adolescent scoliosis, 
the second one is to discuss the harm of vitamin D 
deficiency in spinal health, and suggesting methods to 
cure this disease. 

II. THE STRUCTURE OF VITAMIN D AND SCOLIOSIS 

A. The Structure and Functions of Vitamin D 

1) The structure of vitamin D 
Vitamin D is a fat-soluble vitamin, classified as a 

steroidal compound. It exhibits stable chemical properties, 
resisting heat and oxidation in neutral and alkaline 
solutions. However, in acidic solutions, it gradually 
decomposes. Various forms of vitamin D are known, with 
the most significant ones being vitamin D2 and D3 and 
their structure are shown in Fig. 1. Their structures are 
quite similar, differing mainly in their side chains.  

 

Fig. 1. The structure of vitamin D2 and D3 [5]. 

Vitamin D2, chemically known as ergocalciferol, is a 
steroidal compound formed through the photolytic 
cleavage of sterols and can be generated through the 
action of ultraviolet light on ergosterol. 

Vitamin D3, also referred to as cholecalciferol, is 
produced from 7-dehydrocholesterol, which is derived 
from cholesterol after a process of dehydrogenation. It is 
formed upon exposure to ultraviolet light. 

The specific form of vitamin D produced depends on 
the precursor compound, with ergosterol yielding vitamin 
D2 and 7-dehydrocholesterol leading to vitamin D3 [6]. 

2) Functions of vitamin D 
Both types of vitamin D share the same physiological 

functions, enhancing calcium and phosphorus absorption 
and metabolism in organs such as the intestines, liver, and 
kidneys. 

This supports the growth and differentiation of bone 
cells, ensuring overall bone health. Vitamin D is 
primarily produced by the body and obtained from 
animal-based foods [4]. 

Apart from its role in bone health, vitamin D has other 
functions. Population studies have shown a link between 
vitamin D deficiency and an increased risk of Type 2 
Diabetes Mellitus (T2DM), with vitamin D deficiency as 
a potential risk factor for T2DM. Additionally, vitamin D 
deficiency is closely related to cardiovascular diseases. In 
the general population, low vitamin D levels are 
associated with conditions like coronary artery disease, 
heart attacks, heart failure, strokes, cardiovascular disease 
mortality, and overall mortality. Vitamin D deficiency is 
an independent risk factor for cardiovascular diseases [7]. 

B. Spinal Structure and Function 

The human body is complex, with each part having a 
crucial role in maintaining normal function. The spine, 
often called the body’s “second lifeline”, is made up of 
33 vertebrae (7 cervical, 12 thoracic, 5 lumbar, and 9 
sacral and coccygeal vertebrae), with its structure shown 
in Fig. 2. These vertebrae are connected by ligaments, 
joints, and intervertebral discs. The spine runs vertically 
above the pelvis, supporting the shoulders, upper limbs, 
and head. It also acts as the posterior wall for the chest, 
abdominal cavity, and pelvic cavity, providing structural 
support and protecting internal organs. The spine has four 
natural curves (cervical lordosis, thoracic kyphosis, 
lumbar lordosis, and sacral kyphosis), giving it an “S”-
shaped appearance when viewed from the side [1]. 

 
Fig. 2. The structure of spine [8]. 
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Protected by the spine, the spinal cord is responsible 
for transmitting information, including movement and 
sensation. It works alongside spinal nerves to control the 
normal activities and operations of the body’s internal 
organ systems. Additionally, the spine is closely linked to 
the circulatory system and indirectly influences internal 
organ functions through blood vessels [1]. 

Today, spinal diseases are affecting teenagers more 
frequently, with scoliosis being the most common issue. 
Therefore, addressing this problem through research is 
crucial. 

C. Definition of Scoliosis 

Scoliosis is a common musculoskelet al disorder 
affecting the spine, ribs, and the overall position of the 
trunk, caused by structural changes in the spine and 
surrounding tissues [9, 10]. The International Research 
Society on Scoliosis defines scoliosis as spinal curvature, 
measured using the Cobb method on an upright X-ray, 
with an angle greater than 10° [11], which is shown in 
Fig. 3. The most prevalent type of scoliosis is Adolescent 
Idiopathic Scoliosis (AIS), which often occurs for 
unknown reasons, with a significantly higher incidence 
during the critical growth and development period of 
adolescence, significantly impacting the physical and 
mental health of affected individuals.  

 

Fig. 3. The structure of scoliosis [12]. 

D. Clinical Presentation of AIS 

AIS presents both physiological and psychological 
symptoms [13]. Physiologically, AIS typically involves 
lateral spine curvature and vertebral rotation. Clinical 
signs may include reduced height, uneven shoulders, 
uneven chest, spine deviation, waist skin creases, and, in 
severe cases, the development of a “razorback” deformity, 
whose characteristic is shown Fig. 4. This condition can 
affect lung development, leading to recurring respiratory 
issues and infections. Neurological symptoms may also 
occur [14]. Psychologically, AIS can negatively impact 
patients. Wang et al. [15] found that psychological 
factors and cultural background significantly affect 
scoliosis patients’ adherence to brace treatment. The 
visible deformity can cause significant psychological 

distress, making it challenging for patients to accept their 
condition and the burdens of brace treatment. This can 
result in suboptimal treatment outcomes and contribute to 
depressive moods. Therefore, psychological factors are 
crucial in the treatment process. Huang [16] emphasized 
the importance of psychological care in promoting the 
recovery of adolescent scoliosis patients. Current 
treatment options for AIS include regular observation, 
Physiotherapeutic Scoliosis Specific Exercises (PSSE), 
bracing, and surgery [17], for patients with Cobb angles 
less than 45, it is recommended to adopt non-surgical 
treatment, as shown in Table I. 

 
Fig. 4. The difference between typical spine and scoliosis [18]. 

TABLE I. THE TREATMENT OF AIS 

Cobb angle Treatment 

10–20° Regular observation, PSSE 

20–45° Regular observation, brace, PSSE 

> 45° Surgery 

III. ANALYSIS OF THE MAIN CAUSES OF AIS 

A. Major Factors in the Development of AIS 

The exact cause of AIS is still uncertain. Research has 
explored multiple factors, but the complex nature of AIS 
makes it challenging to pinpoint a specific cause. Studies 
suggest that scoliosis may be influenced by factors like 
genetics, gender, hormones, and a lack of vitamin D in 
the diet [19, 20]. Key factors contributing to its 
development include genetics, gender, hormones, and 
dietary vitamin D deficiency. 

1) The relationship between genes and AIS 
AIS patients have significantly higher methylation 

level and lower PITX1 gene expression when compared 
to normal controls. In AIS patients, PITX1 methylation is 
significantly associated with the Cobb angles of main 
curves [21]. Rare gene variations in AIS have only 
sometimes been the subject of studies, and the field of 
study is quite new. Several genes, including FBN1, FBN2, 
HSPG2, POC5, and AKAP2, that may affect the 
occurrence and/or severity of scoliosis have been 
discovered through sequencing utilizing either whole 
exome or targeted gene panels [22]. 
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2) Gender, hormones, and their relationship to AIS 
AIS incidence shows significant gender differences, 

and this aligns with findings from various domestic and 
international studies. Among these, females constitute a 
high-risk group for developing scoliosis. Research 
emphasizes that during the pre-menarche adolescent 
phase, females exhibit a higher incidence of scoliosis 
compared to males. In cases with severe curvature (Cobb 
angle > 10°), the number of affected females is twice that 
of males, and for angles exceeding 30°, the ratio becomes 
eight times higher for females compared to males [23, 24]. 
Burwell et al. [25] proposed a pathogenic theory 
regarding scoliosis in females. This theory suggests that 
scoliosis in females may result from the lack of 
coordination in the development of the autonomic 
nervous and somatic nervous systems between the spine 
and the trunk. This lack of coordination may selectively 
increase the sensitivity of the hypothalamus to circulating 
leptin, leading to decreased leptin levels, affecting the 
sympathetic nervous system’s axial regulation of skelet al 
growth, ultimately triggering scoliosis. 

3) The connection between vitamin D and AIS 
Moreover, research indicates that vitamin D deficiency 

in the diet is a crucial factor leading to AIS, as it can 
induce AIS by affecting the structure and function of the 
spine. Vitamin D plays an essential role in the body, 
including calcium homeostasis, immune regulation, and 
endocrine regulation. Higher levels of vitamin D have 
been linked to increased bone density, a lower fracture 
rate, and improved neuromuscular function [23, 26]. 
There is relevant evidence suggesting that the risk of 
suspected scoliosis symptoms in individuals with a 
dietary vitamin D deficiency and those unaware of their 
vitamin D status is 3.097 times and 2.121 times higher, 
respectively, compared to those with no vitamin D 
deficiency [3]. The following will elaborate on the 
significant impacts of vitamin D on scoliosis. 

B. The impact of vitamin D on AIS 

Current research on the pathogenesis of AIS suggests 
multiple mechanisms, primarily classified into four types: 
paraspinal muscle development, bone density, vitamin D 
receptors, and endocrine hormones. Vitamin D mainly 
plays an important role in maintaining bone and muscle 
growth, calcium homeostasis and regulating endocrine 
hormones (estrogen/leptin), which is closely related to the 
pathogenesis of AIS. 

1) The effect of vitamin D on paraspinal muscles 
Pathological changes in the paraspinal muscles in cases 

of scoliosis exhibit a consistent pattern: atrophied 
muscles on the convex side and muscle contractures on 
the concave side. Under electron microscopy, 
observations include a reduction in muscle fiber and 
mitochondrial content on the convex side, along with 
smaller mitochondria. Conversely, there is an increase in 
glycogen and fibroblast proliferation in the muscle tissue 
[27]. In patients with scoliosis, the distribution of type I 
and type II muscle fibers in the paraspinal muscles is 
imbalanced, in contrast to the relatively balanced 
distribution of these muscle fibers in the paraspinal 
muscles of normal individuals. 

Experiments have demonstrated that severe vitamin D 
deficiency can lead to atrophy of type II skelet al muscle 
fibers. A deficiency in vitamin D results in an excessive 
production of Reactive Oxygen Species (ROS) in skelet 
al muscles, a reduction in mitochondrial oxidative 
phosphorylation, damage to mitochondrial function, and 
ultimately muscle fiber atrophy. This sequence of events 
contributes to the development of scoliosis, with a more 
pronounced vitamin D deficiency corresponding to more 
severe AIS symptoms [28]. 

2) The influence of vitamin D on bone density  
Normal vitamin D levels are crucial for bone growth. 

Vitamin D deficiency can affect the deposition of bone 
minerals [29] and the differentiation of mesenchymal 
stem cells into osteoblasts, thereby impacting bone 
formation and reducing bone plasticity [30]. Bone is a 
structured organ that includes the bone marrow cavity 
and gaps within the bone structure. True bone density 
refers to the mineral content within a specific volume of 
bone tissue. However, since it is not feasible to measure 
individual structures separately, bone density is 
theoretically defined as the mineral content within a unit 
of tissue or organ [31]. This structure is shown in Fig. 5. 

The process of acquiring bone mass occurs during the 
first stage of life and is expressed through balanced bone 
growth. An analysis of relevant studies found that there 
was no statistically significant association between 
vitamin D deficiency and bone mass development in 
children aged 6–9 years (P = 0.084). In contrast, in the 
10–13 year age group, vitamin D deficiency increased the 
risk of inadequate bone mass development by 36% 
(PR=1.36, 95% CI=1.04-1.80). Moreover, in the 14–17 
year age group, individuals with vitamin D deficiency 
had a 52% higher risk of inadequate bone mass 
development compared to those with sufficient vitamin D 
levels [32]. 

 
Fig. 5. The difference between normal/low bone density [33]. 

3) The role of vitamin D and its receptor genes 
Vitamin D is a central regulatory factor in bone 

metabolism, and the Vitamin D Receptor (VDR) plays a 
crucial role in maintaining calcium and phosphorus 
metabolism. Bone metabolism is a complex process 
involving multiple factors [34, 35]. Xia et al. [36] 
conducted an analysis of VDR gene polymorphisms in 
Chinese female AIS patients and healthy adolescents to 
explore the relationship between VDR gene 
polymorphism and low bone mass and abnormal growth 
patterns in AIS patients. The results indicated that the 
primary function of the VDR gene is to regulate the 
stability and activity of VDR mRNA, which is closely 
related to adolescent bone density. 
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4) The effects of vitamin D levels on hormones  
Research has shown that vitamin D deficiency can 

reduce the production of estrogen [37]. Insufficient 
estrogen levels lead to decreased bone density [38]. This 
further supports the evidence of abnormal bone growth 
and sustained reduction in bone density in AIS patients. 
There is also direct research confirming the relationship 
between decreased bone mass in AIS patients and vitamin 
D deficiency [39, 40]. Leptin levels are inversely related 
to 25-hydroxy vitamin D levels, with lower 25(OH)D 
levels associated with increased leptin levels [41]. 

IV. HOW VITAMIN D AFFECTS AIS 

A. Mechanisms of How Vitamin D Affects AIS 

Based on the above discussion, the impact mechanisms 
of vitamin D on AIS can be categorized into four aspects: 
(1) Vitamin D deficiency reduces estrogen production, (2) 
Vitamin D deficiency affects skelet al muscle generation, 
(3) Leptin levels are inversely related to 25 (OH) D levels, 
and (4) Vitamin D plays a role in brain development, and 
its association with central abnormalities in AIS patients 
is significant. 

1) How vitamin D deficiency reduces estrogen levels 
According to the research conducted by Chen et al. 

[42].  on vitamin D-deficient mouse models, it was found 
that vitamin D deficiency led to reduced gonadal function. 
Knocking out the Vitamin D Receptor (VDR) in female 
mice resulted in uterine atrophy and damaged follicles, 
with an increase in uterine weight upon estrogen 
supplementation. A significant decrease in serum 25 (OH) 
D levels, in line with a vitamin D deficiency model, 
accompanied the reduced estrogen levels. Estrogen is 
closely related to bone metabolism, participating in 
various ways to maintain the stability of the bone 
microenvironment. It is involved in the physiological 
processes of osteoblasts and osteoclasts, contributing to 
the dynamic balance of bone formation and bone 
resorption [43]. However, AIS is more prevalent in 
female patients, and estrogen plays a role in promoting 
osteoblast differentiation and maintaining normal bone 
density. Therefore, abnormalities in estrogen secretion 
may lead to impaired bone development and maturation. 
Among estrogens, E2 is the most biologically active and 
predominant component [44]. Research has indicated that 
Estrogen Receptor alpha (ERα) gene polymorphism is 
closely related to bone density, and Estrogen Receptor 
beta (ERβ) Alu I gene polymorphism is closely 
associated with the degree of AIS curvature [45]. 

Estrogen primarily affects AIS in two ways: first, it 
regulates osteoclasts, and second, it modulates osteoblasts. 
According to Oursler et al. [46], Estrogen Receptors (ER) 
are present in osteoclasts, and specific knockouts of ERα 
in osteoclasts can result in trabecular bone loss. Estrogen 
also extends the lifespan of osteoblasts and inhibits 
apoptosis, mainly through ER-mediated rapid activation 
of kinases. Studies have found the presence of ER in 
osteoblast precursor cells and osteoblasts, suggesting that 
estrogen has a direct influence on the bone formation 

process  and  exerts  an  indirect  effect  independent of
ER [43]. 

Currently, there are two main viewpoints regarding the 
impact of estrogen on AIS: 

1. Abnormal estrogen levels cause delayed menarche 
in females, leading to delayed bone development and 
maturation, which increases the likelihood of spinal 
deformities. 

2. Abnormal estrogen levels directly affect bone 
metabolism and bone remodeling, resulting in abnormal 
bone growth and development, thereby increasing the 
likelihood of AIS occurrence [11]. 

2) How vitamin D deficiency affects muscle growth 
Research indicates that vitamin D deficiency can lead 

to muscle atrophy, proximal muscle weakness, and 
diffuse muscle pain. Researchers have detected the 
expression of the Vitamin D Receptor (VDR) and 1α-
hydroxylase (CYP27B1) genes and proteins in human 
skelet al muscles, which has raised concerns about the 
potential for severe vitamin D deficiency to cause atrophy 
of type II skelet al muscle fibers. In a cell experiment 
exploring the effects of 1α, 25-(OH)2D on C2C12 
myoblast cell proliferation and differentiation, 
researchers intervened with 1α, 25-(OH)2D (100 nM) in 
C2C12 myoblast cells. The experiment demonstrated that 
vitamin D promotes VDR expression and myoblast 
differentiation capacity. Vitamin D inhibits the 
expression of the muscle growth inhibitory factor, 
myostatin [47]. 1α, 25-(OH)2D promotes myoblast cells 
to differentiate into myotubes, significantly increasing the 
expression of myotube differentiation markers such as 
myogenin (MYOG) and troponin T type 1 (TNNT) genes 
[28, 48]. In AIS patients, there is a significant difference 
in the distribution of muscle fiber types between the 
concave and convex sides. The proportion of type I 
muscle fibers in the muscles on the convex side is higher, 
with deeper muscles being more prominent [49]. 

3) How vitamin D affects leptin levels 
Leptin is a hormone closely associated with body 

composition. Leptin receptors in the hypothalamus bind 
to leptin, leading to signal transduction through the 
activation of Janus tyrosine protein kinases, affecting the 
secretion of various neuroendocrine hormones [50]. 25-
hydroxy vitamin D is the active metabolite of vitamin D 
and is the most active form of the vitamin. Numerous 
studies have reported its role in regulating the 
differentiation of pig or mouse fat cells, with consistent 
findings. In recent years, research has also suggested that 
vitamin D’s anti-tumor effects include inhibiting cancer 
cell proliferation and inducing apoptosis. According to 
Payet et al. [51], 1,25-dihydroxyvitamin D inhibits the 
proliferation and differentiation of 3T3-L1 preadipocytes. 
Leptin is primarily expressed in the cytoplasm and forms 
brownish granules around the nucleus. Different 
concentrations of 1,25-dihydroxyvitamin D have 
inhibitory effects on the expression of leptin in 
differentiating fat cells, suggesting that providing an 
appropriate amount of vitamin D may help control body 
weight and improve the secretion of lipogenic hormones 
in children [52]. 
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AIS patients exhibit muscle dysfunction and 
asymmetry in paraspinal muscles [53]. Leptin increases 
muscle mass by inhibiting muscle fiber protein 
degradation and enhancing muscle cell proliferation [54]. 
Muscle mass and skelet al muscle mass is closely related 
to muscle strength [55]. Therefore, it is evident that leptin 
levels are closely related to AIS [23, 56]. 

4) How vitamin D impacts brain function 
Vitamin D plays a crucial role in the central nervous 

system research related to AIS. The close association 
between scoliosis and syringomyelia, asymmetry in the 
brainstem of some AIS patients, and the presence of 
cerebellar tonsillar herniation in AIS have been observed 
[57]. Additionally, there is research indicating a potential 
link between the severity of scoliosis in girls and 
increased sensory integration impairments [58]. In 
patients with a Cobb angle greater than 15°, particularly 
in cases with sensory fusion, there is evidence of 
impaired central information processing, indicating 
central functional abnormalities [59]. Moreover, vitamin 
D has a role in human brain development, which may 
have an association with central abnormalities in AIS 
patients [23, 60]. 

There is evidence that vitamin D can be locally 
synthesized and metabolized in the central nervous 
system. An earlier study reported three major metabolites, 
25-(OH)D₃, 1,25-(OH)₂D₃, and 24,25-(OH)₂D₃, present in 
human cerebrospinal fluid [61]. Furthermore, key 
enzymes involved in the breakdown metabolism of 25-
(OH)D₃ have been discovered in brain cells, indicating 
that vitamin D plays a role in the differentiation of 
dopaminergic neurons and influences dopamine synthesis 
pathways by altering the expression of key enzymes. This 
can affect cholinergic, dopaminergic, and noradrenergic 
neurotransmitter systems [62]. 

Moreover, vitamin D deficiency has been associated 
with various neurological disorders such as amyotrophic 
lateral sclerosis [63], depression [64], and schizophrenia 
[65]. This suggests that vitamin D can regulate brain 
development, potentially benefiting the spinal health of 
adolescents and reducing the occurrence of AIS [66]. 

In summary, vitamin D deficiency or insufficiency is 
closely related to AIS, with its occurrence influenced by 
the regulation of muscle fibers, endocrine hormones, and 
bone mineral density. Vitamin D has various mechanisms 

by which it affects AIS, with the most significant impact 
on bones and muscles. Vitamin D can indirectly influence 
bone and muscle development through endocrine 
hormones, leading to the onset and progression of AIS. 

Directly, vitamin D has a more substantial impact on 
bones and skelet al muscles, as some AIS patients 
experience bone loss, and 25-hydroxyvitamin D₃ [25-
(OH)₂-VitD₃] is positively correlated with bone mineral 
density in normal individuals, which can lead to atrophy 
of type II muscle fibers. A randomized controlled trial by 
Lam et al. [67] assessed the role of vitamin D in 
improving bone health and controlling AIS progression, 
and the study showed that daily supplementation with 
400/800 IU of vitamin D can improve bone mass in AIS 
patients and prevent curve progression. Vitamin D, under 
the action of the ligand 1,25-dihydroxyvitamin D3, binds 
to VDR and regulates the proliferation and osteogenic 
differentiation of Bone Marrow Mesenchymal Stem Cells 
(BMSC). BMSCs are multi-potent stem cells present in 
the bone marrow cavity, capable of differentiating into 
osteoblasts, chondrocytes, and adipocytes, and are central 
participants in bone metabolism. Many researchers 
speculate that unexplained spinal deformities and bone 
loss in AIS patients may be related to impaired BMSC 
function. The observed phenomenon is that AIS patients 
have impaired osteogenic differentiation ability of 
BMSCs, reduced calcium salt deposition ability, and 
decreased bone formation ability [68]. These two factors 
may be direct causes of AIS onset. 

In conclusion, AIS patients experience a significant 
reduction in bone mass compared to age-matched healthy 
individuals, and Bone Mineral Density (BMD) is 
inversely correlated with the severity of scoliosis. This 
decrease in bone mass continues until the end of 
adolescence, impacting peak bone mass and potentially 
leading to complications such as osteoporosis in later life 
[69]. Although there are various indirect mechanisms 
influencing AIS, many unknown factors still require 
further research. As for treatment, there is currently no 
specific medication available, but some clinical studies 
have suggested that vitamin D supplementation has a 
positive effect on improving bone health. The main 
content overview of influence of lack vitamin D is shown 
in Fig. 6. 

 
Fig. 6. The main content overview of influence of lack vitamin D. 
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B. Strategies to Address the Impact of Vitamin D 
Deficiency on Adolescent Spinal Health 

1) Nutritional status of vitamin D in adolescents 
It is estimated that there are 1 billion people worldwide 

suffering from a deficiency in vitamin D (25(OH)D < 50 
nmol/l). Results from 14 studies conducted in various 
countries show that the prevalence of vitamin D 
deficiency in children and adolescents ranges from 19% 
to 91%. The nutritional status of vitamin D in Chinese 
children and adolescents is also a cause for concern. 
According to the National Nutrition and Health Survey 
conducted in 2010–2012, the detection rate of vitamin D 
deficiency in children and adolescents aged 6 to 17 was 
53.20%. Research in Guangzhou, China revealed that the 
prevalence of vitamin D deficiency among children and 
adolescents aged 0 to 17 was 13.70% in 2009–2011 and 
11.37% in 2015, with an increase in deficiency observed 
with age [32]. The lack of vitamin D is highly likely to 
lead to AIS, and supplementing vitamin D has a positive 
role in preventing or alleviating AIS. Through analysis 
and exploration, the following are the main solutions 
currently discussed in research. 

2) Basic methods of vitamin D supplementation for 
adolescents 

Sun exposure is the best way to synthesize vitamin D. 
In the subcutaneous tissues of the human body, there is a 
substance called 7-dehydrocholesterol which, when 
exposed to ultraviolet rays in sunlight, can be converted 
into vitamin D. Medically, 7-dehydrocholesterol is 
referred to as a vitamin D precursor or provitamin D. This 
form of vitamin D accounts for most of the body’s 
vitamin D supply and is often referred to as the “sunshine 
vitamin” [70]. 

Diet is also a way for the body to obtain vitamin D, 
although it only accounts for a small portion of the total 
required vitamin D. Consequently, it can be challenging 
to obtain sufficient vitamin D through diet alone. In 
nature, foods rich in vitamin D are primarily certain types 
of marine fish. Since vitamin D is a fat-soluble vitamin, it 
is found in very small amounts in plant-based foods, with 
mushrooms being one of the few exceptions, containing 
around 100 IU of vitamin D per 100g of fresh mushrooms. 
Consuming milk is also a method of vitamin D 
supplementation, with approximately 100 IU of vitamin 
D in 240 mL of milk. 

Taking preparations containing vitamin D can increase 
muscle strength, promote bone mineralization, improve 
balance, and thus reduce the risk of falls and related bone 
fractures [71]. 

Given that most children and adolescents in China 
have busy academic schedules and seldom have outdoor 
activities, considering supplementation with vitamin D is 
worthwhile. Options for supplementation include 
alfacalcidol medications and calcitriol capsules, which 
are typically rapidly converted into vitamin D3 and 25-
hydroxyvitamin D3 in the liver. The latter is a metabolite 
of vitamin D3 and plays a crucial role in regulating 
calcium and phosphate metabolism. 

In terms of supplement options, there are three choices: 
vitamin D, alfacalcidol, and calcitriol. Vitamin D2 and 
D3 are considered inactive forms, and they cannot be 
directly interconverted. Both are collectively referred to 
as vitamin D and must be converted into the active 
vitamin D form through metabolic processes in the liver 
and kidneys to exert their physiological effects. 
Alfacalcidol and calcitriol are active metabolites of 
vitamin D. Alfacalcidol undergoes rapid hydroxylation in 
the liver to become calcitriol, which promotes calcium 
and phosphate absorption in the intestines, increases 
serum calcium levels, and suppresses Parathyroid 
Hormone (PTH) secretion to reduce bone calcium 
dissolution. 

Calcitriol is one of the most important metabolically 
active products of vitamin D3 in the human body. It can 
be rapidly converted into the most potent metabolite of 
vitamin D3, 1,25-dihydroxyvitamin D, which plays a 
crucial role in treating conditions such as rickets, 
hypoparathyroidism, and nutritional osteomalacia in 
patients dependent on dialysis. Calcitriol does not require 
specific liver or kidney function for activation, and its 
effects are typically faster but shorter-lasting compared to 
other vitamin D supplements. Additionally, it is the major 
active metabolite of vitamin D3 in the body, and 
therefore, there is usually no need to combine it with 
other vitamin D preparations after ingestion to avoid the 
risk of vitamin D toxicity [72]. 

In general, for adolescents, all three forms have 
vitamin D supplementation effects, which are dose and 
duration dependent. Adolescents can choose the most 
economical and convenient method based on their 
individual needs. Sun exposure is relatively simple, 
efficient, and has mood-regulating benefits. Dietary 
methods are practical and can be easily incorporated into 
daily life by adding foods rich in vitamin D. The third 
method, supplementing with vitamin D preparations, is 
highly efficient but may have certain side effects. Under 
normal conditions, this is not recommended. It is 
suggested that adolescents try various effective methods 
of vitamin D supplementation to find the one that suits 
them best, ultimately achieving the goal of actively 
preventing AIS. The overview of the major method about 
supplementing vitamin D is shown Fig. 7. 

 
Fig. 7. The overview of the major method about supplementing 

vitamin D. 

V. CONCLUSION 

Research analysis indicates that as society develops 
and people’s lifestyles change, the incidence of AIS is 
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increasing, and its impact is becoming more serious. AIS 
has multiple causes, and vitamin D deficiency is an 
important factor triggering AIS. This paper primarily 
conducts research and analysis through a literature review 
method, focusing on the impact of vitamin D on AIS, 
including its mechanisms, potential risks, and solutions. 

The research analysis demonstrates that vitamin D has 
a significant influence on the development of scoliosis. It 
directly or indirectly affects the condition of scoliosis 
through the development of paraspinal muscles, bone 
density, vitamin D receptors, and endocrine hormones. Its 
main impact is on enhancing bone density and 
musculature, making it an essential component of bone 
metabolism. Vitamin D and vitamin D receptors are 
crucial factors in AIS. Moreover, vitamin D can be 
locally synthesized and metabolized in the central 
nervous system, relating to brain development. In 
addition, vitamin D affects the endocrine system, bone 
development, muscle growth, and central nervous system 
development, all of which are closely related to the 
mechanisms of AIS. Although there are numerous 
mechanisms by which vitamin D affects AIS, it has the 
most significant impact on the skelet al and muscular 
development of adolescent spines. Vitamin D can 
influence Bone Marrow Mesenchymal Stem Cell (BMSC) 
proliferation and osteogenic differentiation, which can 
lead to the onset and exacerbation of AIS. 

While specific treatments for AIS are yet to emerge, 
clinical research has already suggested that 
supplementing vitamin D plays a role in prevention and 
treatment of AIS. We propose the primary methods of 
vitamin D supplementation, including exposuring to 
ultraviolet rays in sunlight, adjusting dietary sources, and 
ingesting vitamin D supplements. As part of a healthy 
lifestyle, exposure to sunlight and dietary sources are 
preferable means of supplementation. Although vitamin 
D deficiency is recognized as a critical factor in the AIS 
process, gaining a comprehensive understanding of its 
effects and mechanisms is important for understanding 
AIS’s pathogenesis. Further research in this area, 
especially into its mechanisms, requires more extensive 
experimental evidence to substantiate the theoretical 
methods. This paper will be of reference value for the 
treatment and research of vitamin D in AIS, to raise 
awareness about AIS, and actively establish social 
protection mechanisms for AIS in our society. 
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