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Obesity is a significant public health issue that has been increasingly linked to various musculoskeletal disorders, including
intervertebral disk degeneration (IVDD). The interplay between metabolic dysfunction, chronic inflammation, and biomechanical
stress suggests a multifactorial link between obesity and IVDD, warranting further investigation. This review aims to explore the
pathophysiological mechanisms through which obesity contributes to IVDD and discuss this relationship’s clinical implications.
Obesity induces an occurrence of minor chronic inflammation and metabolic abnormalities, which can exacerbate degenerative
changes in the intervertebral disks. Pro-inflammatory cytokines (TNF-α and IL-6) secreted by visceral adipose tissue can promote
disk degeneration by enhancing catabolic processes and inhibiting anabolic repair mechanisms within the disk matrix. Additionally,
mechanical loading due to excess body weight increases stress on the spinal structures, accelerating wear and tear of the
intervertebral disks. This review summarizes current research findings on the biochemical and biomechanical pathways linking
obesity to IVDD. We examine evidence from epidemiological studies, clinical trials, and animal models that highlight the
multifaceted impact of obesity on spinal health. Furthermore, we discuss the implications of these findings for clinical practice,
emphasizing the importance of weight management in preventing and treating IVDD. Interventions such as lifestyle modifications,
dietary changes, and bariatric surgery are evaluated for their effectiveness in mitigating the adverse effects of obesity on the spine.
The review also addresses the potential for targeted pharmacological therapies that modulate inflammatory pathways and
mechanical stress responses. Understanding the association between obesity and IVDD is crucial when establishing all-
encompassing management approaches for those who are impacted by the growing global prevalence of obesity. By elucidating
the pathophysiological underpinnings and clinical consequences of obesity-induced IVDD, this review aims to inform future
research directions and clinical guidelines, ultimately improving patient outcomes in this growing population.
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INTRODUCTION
Obesity and Intervertebral Disk Degeneration (IVDD) are two
prevalent health issues that significantly impact individuals and
healthcare systems globally [1]. Both conditions are recognized for
their high prevalence rates and profound implications on quality
of life, physical functioning, and overall health. Understanding the
relationship between these two conditions is critical, as their
coexistence often exacerbates health outcomes and presents
unique challenges in management and treatment [1]. This review
explores the intricate link between obesity and IVDD, delving into
epidemiology, pathophysiology, clinical evidence, risk factors,
comorbidities, impact on quality of life, and current management
strategies. Obesity, described as an excessive buildup of fat that
poses a health vulnerability, is a growing global epidemic. The
World Health Organization (WHO) reports that since 1975, the
number of people with obesity globally has tripled [2, 3]. More

than 1.9 billion individuals were overweight in 2016, with over 650
million of them having obesity [2, 3]. Numerous health issues, such
as cardiovascular illnesses, type 2 diabetes, musculoskeletal
ailments, and several kinds of cancer, are linked to obesity.
Obesity significantly reduces life expectancy and standard of
living, imposing substantial economic burdens on healthcare
systems [4, 5].
IVDD, on the other hand, is one of the most common

musculoskeletal complaints. It is a leading cause of disability
and is responsible for significant morbidity and economic costs
due to medical treatments and lost productivity [1]. IVDD can
be classified into acute, subacute, and chronic stages based on
duration and can arise from a variety of causes, including
degenerative changes, injuries, and systemic conditions [1, 6].
According to the 2017 Global Burden of Disease Study, low
IVDD is the primary cause of disability globally, impacting over
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540 million individuals at any given moment [7]. The relation-
ship between obesity and IVDD is particularly significant
because these conditions often coexist and exacerbate each
other. Obesity contributes to mechanical overload and
increased stress on the spine, leading to degenerative changes
and pain. Additionally, obesity is associated with systemic
inflammation, which can further aggravate IVDD. Conversely,
chronic IVDD can limit physical activity, leading to weight gain
and obesity. This bidirectional relationship creates a vicious
cycle that can be challenging to break [8, 9]. Investigating the
link between obesity and IVDD is essential for a number of
aspects. First, it can assist in identifying those who are more
susceptible to IVDD due to obesity and vice versa. Second,
understanding the underlying mechanisms can guide the
development of targeted interventions and treatments. Third,
it can inform public health strategies to prevent and manage
these conditions, ultimately reducing their prevalence and
associated burdens. The primary objective of this review is to
provide a comprehensive overview of the current knowledge
regarding the relationship between obesity and IVDD. Speci-
fically, this review will examine the epidemiology of obesity
and IVDD, highlighting their prevalence and the evidence
linking these conditions. This review will explore the patho-
physiological mechanisms through which obesity may be
involved in the onset and aggravation of IVDD and summarize
clinical evidence from cross-sectional, longitudinal, and inter-
ventional studies investigating the association between obesity
and IVDD. This review focuses on visceral fat, which is more
metabolically active, having high macrophage infiltration and
pro-inflammatory cytokine output. The subcutaneous fat also
secretes adipokines, though typically to a lesser degree;
therefore, visceral fat contributes significantly to chronic
obesity. Further, we will review current prevention and
management strategies, emphasizing integrated approaches
to simultaneously address both conditions and identify current
challenges and future directions in research and clinical
practice related to obesity and IVDD.

EPIDEMIOLOGY
Understanding the epidemiology of obesity and IVDD is
fundamental to appreciating the problem’s scope and identify-
ing potential intervention areas. Obesity has reached epidemic
proportions globally, affecting individuals across all age groups
and socioeconomic statuses. The rise in obesity rates is
attributed to multiple factors including unhealthy dietary
choices, sedentary lifestyles, familial histories, and environ-
mental effects. The WHO reports that although obesity is more
prevalent in countries with higher incomes, it is also rising
significantly in countries with low or middle incomes [10, 11].
IVDD, particularly low IVDD, is also highly prevalent worldwide.
It affects people of all ages, with peak prevalence occurring in
individuals aged 30–50 [1, 6]. The etiology of IVDD is
multifactorial, encompassing mechanical, degenerative, inflam-
matory, and psychological factors [1, 12] (Fig. 1). The high
prevalence of IVDD is a serious issue for public health due to its
impact on individuals’ ability to perform daily activities and its
substantial economic costs [11, 12].
The association between obesity and IVDD is well-

documented in the literature. Numerous epidemiological
studies have shown that body mass index (BMI) and IVDD
severity and prevalence are positively correlated [3, 13, 14]. For
instance, a systematic review and meta-analysis conducted by
Shiri et al. reported that obesity was significantly related to an
augmented risk of low IVDD [13]. Those with a BMI of 30 or
greater were at a significantly increased risk than those with a
normal BMI. The relationship between obesity and IVDD is not
merely correlational but involves complex interactions
between mechanical and biological factors. Mechanically, the
burden placed on the spine is exacerbated by excess body
weight, leading to structural changes and increased wear and
tear. This can result in conditions such as disc degeneration,
herniation, and facet joint arthritis, all of which can cause IVDD.
Biologically, obesity is associated with systemic inflammation,
which can contribute to pain sensitization and exacerbate
musculoskeletal pain, including IVDD (Fig. 2).

Fig. 1 Risk factors for intervertebral disc degeneration (IVDD). The figure illustrates two main categories of IVDD risk factors: genetic and
environmental.
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PATHOPHYSIOLOGY
Understanding the pathophysiological mechanisms linking obe-
sity and IVDD is crucial for developing effective interventions.
Multiple explanations have been put forth for this relationship.
Mechanically, obesity elevates the strain on the spine, leading to
increased stress on intervertebral discs and facet joints. This can
result in accelerated degeneration and structural changes,
contributing to IVDD [15]. Additionally, obesity is associated with
altered biomechanics, including changes in posture and gait.
Excess weight can lead to anterior pelvic tilt and increased lumbar
lordosis, which can alter the spinal alignment and increase the risk
of IVDD [8, 9]. Obesity is also linked to weakened core muscles,
which can compromise spinal stability and increase the likelihood
of IVDD. Biologically, obesity is characterized by long-term low-
grade inflammation, which can contribute to pain sensitization
and exacerbate IVDD. Adipose tissue, particularly visceral fat,
secretes pro-inflammatory cytokines like tumor necrosis factor-
alpha (TNF-α) and interleukin-6 (IL-6) (Fig. 2). These cytokines can
sensitize nociceptors and enhance pain perception [16, 17].
Moreover, obesity is related to metabolic dysfunction, including
insulin resistance and dyslipidemia, which can further contribute
to systemic inflammation and pain.
Intervertebral disc (IVD) degeneration is a multifactorial condi-

tion influenced by aging, hereditary predisposition, biomechanical
stress, and environmental factors. It plays a crucial part in the
etiology of IVDD and various spine-related disorders [9, 15]. The
IVDs are fibrocartilaginous cushions that serve as shock absorbers
between the vertebrae of the spine. The IVDs are made up of the
annulus fibrosus (AF); cartilaginous endplates (CEP), an outer
fibrous ring; and the nucleus pulposus (NP), an interior gel-like
core. The cellular composition and extracellular matrix (ECM)
characteristics have functional relevance to load bearing, shock
absorption, and spinal flexibility. The health and functionality of

these discs are vital for maintaining spinal stability and flexibility.
The annulus fibrosus (AF) comprises concentric lamellae of
collagen fibers that form a tough outer ring, which is responsible
for the tensile resilience and structural integrity of the disc. The
outer layers of AF are rich in Type I collagen for tensile strength,
while the inner layers contain Type II collagen for efficient binding
to NP. The nucleus pulposus (NP) comprises an increased
concentration of type II collagen fibers and proteoglycans
(specifically aggrecan), which are hydrophilic in nature, to
maintain disc hydration, enabling it to withstand compressive
forces. The cells within the IVD include chondrocyte-type cells in
the nucleus pulposus, nucleus pulposus cells (NPC), and fibroblast-
type cells in the annulus fibrosus, which are accountable for the
biogenesis and turnover of the extracellular matrix (ECM).
Cartilaginous Endplates (CEP) are thin layers of hyaline and
fibrocartilage located at the top and bottom covering the IVD and
strongly anchor it to the vertebrae [1, 6, 12] (Fig. 2).

MOLECULAR MECHANISMS
Aging is a primary risk factor for IVD degeneration. As individuals
age, the cellularity of the IVD decreases, and the remaining cells
exhibit reduced viability and biosynthetic activity. The ECM
composition changes, decreasing proteoglycan content and water
retention, leading to disc height and hydration loss [12, 16]. This
dehydration of the nucleus pulposus reduces its ability to resist
compressive forces, increasing the mechanical load on the
annulus fibrosus [12, 18, 19]. Inflammatory cytokines, such as
interleukin-1 beta (IL-1β) and tumor necrosis factor-alpha (TNF-α),
play a pivotal role in this process by upregulating the expression
and activity of these matrix-degrading enzymes. Secreted by both
resident disc cells and infiltrating immune cells, these cytokines
foster a catabolic environment that promotes ECM degradation

Fig. 2 Obesity-induced intervertebral disc degeneration (IVDD). A Obesity contributes to IVDD through increased biomechanical stress and
elevated adipose tissue levels (visceral adipose tissue), initiating degenerative changes in the intervertebral disc (IVD). The visceral adipose
tissue releases proinflammatory cytokines and adipokines, which lead to matrix-degrading enzymes and subsequent ECM breakdown. B The
IVD structure consists of the inner nucleus pulposus (NP), the outer annulus fibrosus (AF), and cartilaginous endplates (CEP), separating it from
the vertebral bodies. In healthy conditions, the NP contains nucleus pulposus cells (NPC). In IVDD, a pathological cycle emerges involving NPC
apoptosis, extracellular matrix degradation, and inflammation, often accompanied by nerve and vascular ingrowth, which ultimately results in
NP dehydration and loss of IVD height.
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while inhibiting anabolic synthesis. The presence of pro-
inflammatory cytokines also induces disc cell apoptosis, further
compromising tissue integrity. Several biochemical changes occur
during IVD degeneration. The loss of proteoglycans in the nucleus
pulposus reduces its water-binding capacity, leading to dehydra-
tion and reduced disc height. Additionally, the quantity of
collagen alters with type I collagen increasing and type II collagen
declining, which alters the mechanical properties of the disc.
Furthermore, Enzymes that break down matrix, such as matrix
metalloproteinases (MMPs), are overexpressed, and aggrecanases,
become overexpressed, accelerating the breakdown of extracel-
lular matrix (ECM) components. Inflammatory cytokines, such as
interleukin-1 beta (IL-1β) and tumor necrosis factor-alpha (TNF-α),
play a significant role in IVD degeneration by meticulously
regulating the expression and functioning of matrix-degrading
enzymes. These cytokines are formed by disc cells and infiltrating
immune cells, promoting a catabolic environment that enhances
ECM degradation and inhibits ECM synthesis. The occurrence of
pro-inflammatory cytokines also induces apoptosis of disc cells,
further compromising the integrity and functionality of the disc.
Inflammatory pathways also play an important role in disc
degeneration. The biosynthesis of pro-inflammatory cytokines,
like IL-1β, TNF-α, and interleukin-6 (IL-6), is upregulated in
degenerated discs. These cytokines activate signaling pathways,
like nuclear factor-kappa B (NF-κB) and mitogen-activated protein
kinases (MAPKs), further promoting the expression of catabolic
enzymes and inflammatory mediators. These pathways transcrip-
tionally enhance the expression of a disintegrin and metallopro-
teinase with thrombospondin motifs (ADAMTS), specifically
ADAMTS-4 and ADAMTS-5, jointly referred to as aggrecanases.
The synergistic activity of aggrecanases and MMPs undermines
the structural and biomechanical functionality of the interverteb-
ral disc, tilts the equilibrium towards catabolism by inhibiting
anabolic matrix synthesis, and fosters a self-reinforcing inflamma-
tory microenvironment that perpetuates ECM degradation and
cell apoptosis, leading to progressive disc degeneration
[12, 17, 20] (Fig. 2).
Several other molecular mechanisms underlie the pathophy-

siology of IVD degeneration. Disrupting cellular homeostasis and
ECM turnover is a hallmark of degenerative processes [21, 22]. In
healthy discs, there is a fine equilibrium between catabolic and
anabolic activities, maintaining the integrity of the ECM. This
balance is disrupted in degenerated discs, with a shift towards
catabolic activity. This shift is mediated by the upregulation of
MMPs and aggrecans, which degrade collagen and proteoglycans
[17, 21]. Apoptosis and cell senescence significantly contribute to
the cellular changes observed in IVD degeneration. Apoptosis, or
programmed cell death, is increased in degenerated discs,
reducing viable disc cells. This decrease in cell number impairs
the disc’s ability to maintain and repair the ECM. Various factors,
including mechanical stress, oxidative stress, and inflammatory
cytokines induce apoptosis [19, 20, 22]. Cell senescence,
characterized by irreversible cell cycle arrest, is also prevalent in
degenerated discs. Senescent cells exhibit altered metabolic
activity and secrete pro-inflammatory cytokines and matrix-
degrading enzymes, contributing to a pro-degenerative environ-
ment. The accumulation of senescent cells in the IVD further
disrupts tissue homeostasis and promotes the progression of disc
degeneration. Adipokines and organokines are bioactive mole-
cules secreted by various tissues, playing crucial roles in
metabolism, inflammation, and cellular processes. Their effects
extend to spine and intervertebral disc (IVD) health, influencing
inflammation, matrix composition, and overall functionality
[17, 23, 24]. Below is a detailed discussion of their characteristics
and implications (Table 1).

1. Adipokines: Adipokines are bioactive molecules secreted
primarily by adipose (fat) tissue. They regulate various

physiological and pathological processes, including energy
metabolism, inflammation, insulin sensitivity, and immune
responses. These molecules act as signaling mediators
between adipose tissue and other organs, influencing
systemic homeostasis and contributing to several metabolic
disorders, including obesity, type 2 diabetes, and cardiovas-
cular diseases [23, 25]. Adipokines include hormones,
cytokines, and other proteins with diverse functions.
Examples are leptin, which regulates appetite and energy
spending [23, 24]; adiponectin, which increases sensitivity of
insulin, has anti-inflammatory characteristics [23, 26]; resis-
tin, which is associated with insulin resistance; and visfatin,
which mimics insulin effects [23, 27]. Dysregulation of
adipokines, often observed in obesity, can lead to a pro-
inflammatory state, metabolic disturbances, and tissue
damage, emphasizing their importance in health and
disease [23, 25, 28] (Fig. 3). Here are some of the adipokines:

● Leptin (LEP) is a peptide hormone secreted by white adipose
tissue. It binds to the leptin receptor (LEPR) and activates
pathways such as JAK2-STAT3 and VEGFA signaling via
MAPK1/3 and PI3K-AKT1. Leptin impacts the nucleus pulposus
(NP) and annulus fibrosus (AF) of the IVD, promoting
inflammation, apoptosis, and matrix mineralization while
influencing both anabolic and catabolic processes. It regulates
bone mass, enhances macrophage activity, and contributes to
joint inflammation and cartilage degradation. In obesity, leptin
sensitivity decreases, leading to impaired satiety signaling
despite high leptin levels, similar to insulin resistance in type 2
diabetes [23, 24].

● Adiponectin (ADIPOQ) is a glycoprotein secreted by adipo-
cytes, acting through its receptors AdipoR1 and AdipoR2. It
activates AMPK and NF-kB pathways, targeting NP and AF to
regulate inflammation and metabolic balance. Adiponectin is
inversely correlated with obesity, as its levels are lower in
individuals with obesity. This adipokine has anti-inflammatory
and anti-diabetic effects, enhancing glucose regulation and
fatty acid breakdown and protecting against obesity-related
disorders like type 2 diabetes [23, 26].

● Progranulin (PGRN) is an adipocyte glycoprotein associated
with anti-inflammatory functions. It binds to tumor necrosis
factor and EPH receptor A2, activating MAPK/ERK and PI3K/Akt
pathways. Progranulin primarily targets NP and cartilage plate
(CP), influencing inflammation, apoptosis, and matrix meta-
bolism. Elevated progranulin levels in visceral obesity and type
2 diabetes suggest its involvement in metabolic diseases
[29, 30].

● Resistin (RETN) is a cysteine-rich hormone secreted by
adipocytes, interacting with receptors like CAP1, Decorin,
ROR1, and TLR4. It engages MAPK and NF-kB signaling to
promote macrophage infiltration and regulate anabolic and
catabolic processes in NP and AF. Resistin is associated with
insulin resistance and is believed to link obesity to type 2
diabetes, although its precise role remains controversial
[23, 27, 31].

● Visfatin (PBEF), a cytokine-like adipokine, is secreted by
adipose tissue and interacts with IR and TLR4 receptors.
MAPK, NF-kB, and JNK/ERK pathways target NP and cartilage
end plate (CEP) to modulate autophagy, inflammation, and
metabolism. Elevated visfatin levels are observed in visceral fat
and during obesity progression. Notably, visfatin mimics
insulin in cultured cells and enhances glucose regulation
[23, 30, 32].

● Chemerin (RARRES2) is an adipokine secreted by white
adipose tissue, acting via the Chemokine-like receptor 1
(CMKLR1). It activates MAPK-ERK1/2, Akt, and NF-kB pathways,
targeting NP and AF. Chemerin is a pro-inflammatory
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molecule that impairs metabolic functions, contributing to
insulin resistance, altered glucose and lipid metabolism, and
chronic inflammation. This dual role in inflammation and
metabolism links it to obesity-related disorders like type 2
diabetes and cardiovascular diseases [23, 33].

● Omentin-1 (ITLN) is an adipokine from adipose tissue that
influences NP through the SIRT1 pathway. It promotes
anabolic and catabolic processes, enhancing insulin sensitivity
and glucose uptake. Omentin-1 is associated with improved
metabolic outcomes, making it protective in obesity-related
conditions [23, 34, 35].

2. Organokines: Organokines are bioactive molecules secreted
by various organs and tissues, including the liver, gut,
pancreas, and skeletal muscle. They act as signaling proteins
or hormones influencing local and systemic physiological
processes, including metabolism, inflammation, and tissue
repair [36, 37]. Organokines facilitate communication
between organs and play critical roles in maintaining
homeostasis and regulating energy balance. Organokines
are crucial for coordinating metabolic responses across
different tissues. Dysregulation of organokines secretion or
activity, often associated with obesity and chronic diseases,
can lead to metabolic pathological conditions, like cardio-
vascular diseases, type 2 diabetes including insulin resis-
tance [36–38] (Fig. 4).

● Ghrelin (GHRL) is a hormone secreted by enteroendocrine
cells in the gastrointestinal tract, particularly the stomach. The
binding receptor for Ghrelin is the growth hormone secreta-
gogue receptor (GHS-R) and, therefore, activates NF-kB and
Akt pathways. Ghrelin regulates energy homeostasis and
impacts NP by modulating inflammation and anabolic
processes [37, 39, 40].

● Amylin or Islet Amyloid Polypeptide (IAPP), a peptide
hormone secreted in tandem with insulin by pancreatic
β-cells, interacts with receptors like the calcitonin receptor and

RAMP1-3. It activates MAPK, PI3K/Akt, and mTOR pathways,
targeting NP and AF. Amylin regulates glycemia by slowing
gastric emptying and promoting satiety, reducing postpran-
dial blood glucose spikes. It also affects bone metabolism and
selectively inhibits glucose utilization in muscle without
impacting adipocyte glucose metabolism [37, 41, 42].

● Glucagon-like peptide-1 (GLP-1), a peptide hormone produced
by intestinal L-cells and specific neurons, binds to the GLP-1
receptor (GLP-1R) and activates MAPK, PI3K/Akt, and mTOR
pathways. It targets NP and has protective and regulatory
effects across tissues, including the heart, liver, and kidneys.
GLP-1 promotes glucose-dependent insulin secretion, sup-
porting metabolic health [37, 43].

Adipokines and organokines are vital mediators of metabolic
and inflammatory processes that significantly influence spine and
IVD health. Their roles in inflammation, matrix remodeling, and
metabolic regulation highlight their dual impact on health and
disease. Understanding these molecules’ mechanisms and their
correlation with obesity provides insight into potential therapeutic
strategies for metabolic and musculoskeletal disorders.

GENETIC AND ENVIRONMENTAL FACTORS
Genetic factors significantly affect a person’s predisposition to IVD
degeneration. Twin studies have shown a strong heritable
component, with genetic factors accounting for up to 74% of
the variance in disc degeneration [44]. Specific gene polymorph-
isms associated with ECM components, inflammatory mediators,
and matrix-degrading enzymes have been linked to an increased
risk of IVD degeneration [44–46]. For example, polymorphisms in
the aggrecan, collagen, and IL-1β genes have been implicated in
the pathogenesis of disc degeneration. Environmental factors,
such as occupational hazards, lifestyle choices, and smoking, also
contribute to IVD degeneration. Occupations involving heavy
lifting, repetitive bending, and prolonged sitting are associated
with a higher risk of disc degeneration [18, 47]. Smoking is a well-
established risk factor, as it impairs disc nutrition by reducing
blood flow and oxygen delivery to the disc cells. Additionally,

Fig. 3 Adipokines and signaling pathways involved in obesity and intervertebral disc degeneration (IVDD). The figure highlights the roles
of various adipokines, including leptin, adiponectin, progranulin, resistin, visfatin, chemerin, and omentin, along with their corresponding
receptors. These adipokines influence multiple signaling pathways, such as JAK/STAT, MAPK, NF-κB, and AKT. The specific impacts of these
pathways on obesity (depicted in the green boxes) and IVDD (depicted in the peach boxes) are illustrated.
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nicotine and other tobacco components have direct cytotoxic
effects on disc cells, promoting apoptosis and ECM degradation
[48, 49].

1. Genetic factors:

● Heritability and family studies: Studies have established a
strong genetic component in IVDD, with heritability estimates
ranging from 50% to 80%. Family studies and twin studies
have shown that individuals with a family history of IVDD are
more likely to develop the condition, even in the absence of
environmental stressors [44, 45]. Monozygotic twins, for
instance, exhibit a higher concordance of disc degeneration
than dizygotic twins, underscoring the genetic contribution
[50, 51].

● Gene polymorphisms: Several gene polymorphisms have been
linked to IVDD, often involving genes that regulate extra-
cellular matrix (ECM) composition, inflammation, and cellular
metabolism [45, 46]. Key examples include:
● Collagen Genes (COL1A1 and COL9A2): Mutations in these

genes can compromise the structural integrity of the disc
matrix, predisposing individuals to early degeneration. For
instance, the Trp2 allele of COL9A2 has been associated
with a higher risk of IVDD [52, 53].

● Aggrecan (ACAN): This gene encodes a major proteoglycan
in the nucleus pulposus. Variants in ACAN are linked to
reduced proteoglycan content, leading to decreased disc
hydration and biomechanical properties [54, 55].

● Interleukin-1 (IL-1): Polymorphisms in the IL-1 gene cluster

(e.g., IL-1α and IL-1β) are associated with increased
inflammation, a critical driver of disc degeneration
[56, 57].

● Vitamin D Receptor (VDR): Certain VDR gene polymorph-
isms (e.g., FokI and TaqI) have been implicated in altered
bone metabolism and disc degeneration [58, 59].

● Leptin (LEP) and Leptin Receptor (LEPR): Genetic variations
in the LEP or LEPR genes can alter leptin expression and
receptor sensitivity, so individuals with specific LEP
polymorphisms have a hyper-inflammatory response in
the CEP [60].

● Adiponectin (ADIPOQ): Certain polymorphisms in the
ADIPOQ gene are associated with lower levels of
adiponectin, which leaves the IVDs more vulnerable to
the catabolic effects of TNF-α and IL-1β [61].

● FTO Gene (Fat Mass and Obesity-Associated Gene): This is
the most characterized obesity-susceptibility gene, and its
variants are strongly associated with increased adiposity
and elevated BMI, which leads to an increase in the
mechanical axial loading on the lumbar spine, accelerat-
ing the degenerative changes in the annulus fibrosus (AF)
[62–64].

● Metabolic Syndrome Genes: Genetic variants linked to
metabolic syndrome [e.g., Melanocortin 4 Receptor
(MC4R), Peroxisome Proliferator-Activated Receptor
Gamma (PPARG)] influence the storage of visceral fat,
which is a primary contributor to systemic inflammation.
Therefore, inheriting a genetic predisposition for visceral
adiposity directly correlates with the effects of catabolic
cytokines on the IVDs [17, 65–67].

Fig. 4 Organokines and signaling pathways involved in obesity and intervertebral disc degeneration (IVDD). The figure depicts the roles
of organokines, including ghrelin, GLP-1, and amylin, along with their associated receptors. These organokines modulate various signaling
pathways, such as MAPK, NF-κB, AKT, and mTOR. The figure illustrates their respective effects on obesity (highlighted in the green boxes) and
IVDD (highlighted in the peach boxes).
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● Epigenetic modifications: Epigenetic changes, such as DNA
methylation and histone modifications, can regulate gene
expression without altering the DNA sequence. Environmental
factors, aging, and mechanical stress can induce epigenetic
changes that influence the progression of IVDD. For example,
hypermethylation of matrix-related genes, such as COL2A1,
has been reported in degenerated discs, leading to reduced
matrix synthesis and accelerated degeneration [46].

● Genomic approaches and emerging insights: Advances in
genome-wide association studies (GWAS) and next-generation
sequencing have identified novel genetic loci associated with
IVDD [68, 69]. These approaches have revealed the involve-
ment of genes related to oxidative stress, autophagy, and
cellular senescence. However, the genetic architecture of IVDD
remains complex, with many polymorphisms exerting small
individual effects but collectively contributing to the
disease risk.

2. Environmental factors:

● Mechanical stress and occupational hazards: Chronic exposure
to mechanical stress is a major environmental factor
contributing to IVDD. Repeated loading, vibration, and
awkward postures can damage the IVD’s annulus fibrosus
and nucleus pulposus, initiating degenerative processes
[15, 47, 49]. Individuals engaged in physically demanding
occupations, such as heavy lifting, are at higher risk of IVDD
due to cumulative mechanical strain. Mechanical stress is
another critical factor contributing to IVD degeneration. The
IVDs are subjected to various mechanical forces during daily
activities, including compression, tension, and shear. Abnor-
mal or excessive mechanical loading can disrupt the structural
integrity of the disc and initiate degenerative processes.
Repetitive mechanical stress leads to micro-damage within the
annulus fibrosus, resulting in fissures and tears compromising
its structural integrity [9, 15], which leads to the ingrowth of
blood vessels (neovascularization) and nerves (neoinnerva-
tion) into the disc. These newly formed vascular networks act
as a direct conduit for infiltrating immune cells to invade the
NP and secrete pro-inflammatory cytokines, specifically
interleukin-1 beta (IL-1β), tumor necrosis factor-alpha (TNF-
α), and interleukin-6 (IL-6). Obesity acts as a catalyst in this
degenerative cascade, amplifying the damage through two
primary, but overlapping mechanisms: biomechanical over-
load and systemic chronic inflammation. Excess body weight
dramatically increases the axial loading that accelerates the
physical wear and tear of the IVD [15]. Also, obesity inherently
induces a state of low-grade, chronic systemic inflammation as
visceral fat is highly metabolically active and secretes an
abundance of pro-inflammatory cytokines (TNF-α, IL-6) and
adipokines (leptin, resistin) [17, 24, 27]. These adipokines
actively facilitate the invasion of immune cells that leads to
macrophage infiltration, driving further joint inflammation and
cartilage degradation. This creates an inflammatory micro-
environment to overexpress matrix-degrading enzymes,
ultimately driving severe ECM degradation, disc cell apoptosis,
and persistent chronic inflammation. The altered biomecha-
nics of a degenerating disc create a vicious cycle of
degeneration. As the disc loses height and hydration, the
load distribution across the spinal segment becomes uneven,
increasing stress on adjacent vertebrae and discs. This
increased mechanical load exacerbates the degenerative
process, promoting further ECM breakdown and cell death.
Additionally, the annulus fibrosus may develop radial and
circumferential tears, allowing the nucleus pulposus to

herniate and compress adjacent nerve roots, leading to pain
and neurological symptoms [12, 22]. The IVDs are avascular
structures that rely on diffusion from adjacent vertebral
endplates for nutrient supply and waste removal. The central
regions of the disc, particularly the nucleus pulposus, are
furthest from the vascular supply and are, therefore, more
susceptible to nutritional deficiencies. As disc degeneration
progresses, calcification and sclerosis of the vertebral end-
plates can occur, impairing nutrient diffusion and exacerbat-
ing the degenerative process [12, 18].

● Smoking and nicotine exposure: Smoking has been consis-
tently linked to IVDD. Nicotine and other toxins in cigarettes
impair the blood supply to the vertebral endplates, reducing
nutrient diffusion to the IVD. This hypoxic environment
exacerbates matrix degradation, cell apoptosis, and inflamma-
tion. Smoking also promotes oxidative stress, a key factor in
disc degeneration [48, 49].

● Obesity and metabolic dysfunction: Obesity is a significant risk
factor for IVDD, acting through both mechanical and
metabolic mechanisms. Excessive body weight increases axial
loading on the spine, accelerating disc wear and tear.
Additionally, adipokines secreted by visceral fat, such as leptin
and resistin, induce inflammatory and catabolic pathways in
IVD cells, exacerbating degeneration [4, 13, 15].

● Sedentary lifestyle and physical activity: A sedentary lifestyle
contributes to poor disc health by reducing spinal mobility
and weakening paraspinal muscles. Conversely, moderate
physical activity has protective effects, enhancing disc
hydration and promoting nutrient exchange. However,
excessive or high-impact activities, such as professional sports,
can accelerate disc degeneration due to repetitive stress and
trauma [15, 49].

● Nutritional factors: Nutritional deficiencies, particularly in
vitamins D and C, can impair collagen synthesis and bone
metabolism, contributing to IVDD. Additionally, a diet high in
sugar and fat promotes systemic inflammation and oxidative
stress, negatively impacting disc health [70, 71].

● Aging and senescence: Although aging is a natural process,
environmental insults often accelerate it. Cellular senescence
in IVD cells, characterized by the secretion of pro-
inflammatory cytokines and matrix-degrading enzymes, con-
tributes to age-related disc degeneration. Environmental
factors such as oxidative stress and chronic inflammation
exacerbate these senescent changes [21, 22, 70].

Intervertebral disc degeneration is a complex condition
influenced by genetic predisposition and environmental stressors.
Genetic factors, including polymorphisms in matrix-related and
inflammatory genes, determine susceptibility, while environmen-
tal factors such as mechanical strain, smoking, and obesity act as
critical triggers. The interaction between these factors, mediated
by epigenetic changes, further complicates the pathogenesis of
IVDD. Understanding these mechanisms is essential for develop-
ing personalized and targeted interventions, ultimately improving
the prevention and management of this debilitating condition.
Continued research integrating genetic, epigenetic, and environ-
mental perspectives will provide deeper insights and novel
therapeutic avenues for IVDD.

CLINICAL EVIDENCE, PREVENTION, AND MANAGEMENT
The clinical evidence supporting the association between obesity
and IVDD is robust and spans various study designs, including
cross-sectional, longitudinal, and interventional studies. Cross-
sectional studies provide a snapshot of the prevalence and
severity of IVDD in individuals with obesity, while longitudinal
studies offer insights into the temporal relationship between these
conditions [13]. Interventional studies, particularly those involving

P.S. Bharti et al.

9

International Journal of Obesity



weight loss, provide evidence of the potential benefits of
managing obesity for reducing IVDD. Cross-sectional studies
consistently show a higher prevalence of IVDD in individuals with
obesity compared to those with a normal BMI [72]. Longitudinal
studies suggest that obesity is a significant risk factor for the
development and persistence of IVDD [73]. For example, a study
by Heuch et al. found that individuals with a higher BMI at
baseline were more likely to develop chronic low IVDD over a 10-
year follow-up period [73]. Interventional studies indicate that
weight loss can lead to significant improvements in IVDD. Lifestyle
interventions, including dietary modifications and physical activity,
have been shown to reduce IVDD severity and improve functional
outcomes in individuals with obesity. Surgical interventions, such
as bariatric surgery, have also demonstrated positive effects on
IVDD, likely due to substantial weight loss and metabolic
improvements.

CURRENT CHALLENGES AND FUTURE DIRECTIONS
Understanding the pathophysiology of IVD degeneration is
essential for developing effective therapeutic strategies.
Current treatments for disc degeneration primarily focus on
symptomatic relief and include physical therapy, pharma-
cotherapy, and surgical interventions. Notably, surgical treat-
ment is highly invasive, with a longer recovery time, and is
associated with a high recurrence rate. These traditional
approaches do not address the underlying degenerative
processes. Emerging therapies aim to target the molecular
mechanisms driving IVD degeneration. Strategies include the
use of anti-inflammatory agents to modulate the inflammatory
environment, anabolic agents to promote ECM synthesis, and
gene therapy to correct genetic predispositions primarily
towards obesity reduces systemic inflammation and mechan-
ical overload, thereby improving IVD. Cell-based therapies,
such as the transplantation of mesenchymal stem cells or disc
progenitor cells, hold promise for regenerating degenerated
discs by restoring cellularity and ECM integrity. Tissue
engineering approaches are also being explored, including
developing biomaterials and scaffolds that mimic the native
disc environment and support disc regeneration. Finally,
combining systemic metabolic management with these loca-
lized regenerative approaches aims to restore the disc’s
biomechanical properties and halt the progression of degen-
eration, offering a sustainable alternative to invasive surgical
procedures.

CONCLUSION
Intervertebral disc degeneration is a complex and multifactorial
process involving structural, cellular, biochemical, and genetic
factors. Aging, mechanical stress, inflammatory pathways, and
genetic predispositions contribute to the degeneration of IVDs,
leading to IVDD and functional impairment. The relationship
between obesity and IVDD is highly interconnected and
regulated by mechanical overload and inflammation. Under-
standing the intricate mechanisms underlying IVD degeneration
is crucial for developing targeted and effective therapies.
Advances in molecular biology, genetics, and tissue engineering
offer promising avenues for treating disc degeneration and
improving outcomes for individuals affected by this debilitating
condition. The relationship between obesity and IVDD is
multifaceted, involving mechanical, biological, and psychosocial
factors. Understanding this relationship is essential for develop-
ing effective prevention and management strategies. This review
aims to provide a comprehensive overview of the current
knowledge on this topic, highlighting key epidemiological
findings, pathophysiological mechanisms, clinical evidence,
and potential interventions. By addressing the interplay

between obesity and IVDD, we can better inform public health
strategies and clinical practices, ultimately improving outcomes
for individuals affected by these conditions.
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