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ABSTRACT 

 
Osteoporosis is a medical condition characterized by the weakening of bones, making them fragile 

and more likely to fracture. It occurs when the body loses too much bone, makes too little bone, or 

both. This imbalance results in a reduction in bone density and quality [1,2]. The interplay between 

alcohol consumption, stress, and osteoporosis has garnered attention as research increasingly 

suggests a multifactorial relationship among these elements. Both alcohol and stress are recognized 

as independent risk factors for osteoporosis, but the cumulative effect of these stressors may 

synergistically worsen bone health. This article explores the pathways through which alcohol and 

stress contribute to osteoporosis, with a focus on the biological, hormonal, and behavioral 

mechanisms involved. 
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****************************************************************************************** 

Bone Remodelling and Homeostasis 

Bone health is maintained by a dynamic process called bone remodelling, which involves the 

balanced actions of osteoblasts (bone-forming cells) and osteoclasts (bone-resorbing cells). 

Osteoblasts produce new bone matrix, while osteoclasts degrade bone tissue. Alcohol and 

stress disrupt this balance by altering the molecular signalling pathways that regulate 

osteoblast and osteoclast activity [3-4]. 

1. Alcohol and Bone Metabolism: Molecular Pathways 

Alcohol directly affects bone metabolism through multiple pathways. Chronic alcohol 

consumption disrupts the balance of bone remodeling by impairing osteoblast function and 

enhancing osteoclast activity. This results in excessive bone resorption and decreased bone 

formation, leading to a net loss of bone density. 

• Inhibition of Osteoblast Differentiation and Function: Chronic alcohol consumption impairs 

osteoblast differentiation by reducing the expression of RUNX2, a key transcription factor 
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necessary for osteoblastogenesis. Alcohol also inhibits the Wnt/β-catenin signalling pathway, 

which is crucial for osteoblast proliferation and bone formation. Decreased Wnt signalling 

results in lower bone formation rates and decreased bone mass [5-7]. 

• Promotion of Osteoclastogenesis: Alcohol increases the expression of RANKL (Receptor 

Activator of Nuclear factor Kappa-Β Ligand), a protein that stimulates the differentiation and 

activation of osteoclasts. Concurrently, alcohol reduces the levels of osteoprotegerin (OPG), a 

decoy receptor that binds to RANKL and inhibits osteoclast formation. This shift in the 

RANKL/OPG ratio leads to enhanced osteoclast activity and excessive bone resorption [8]. 

• Oxidative Stress and Inflammation: Alcohol induces oxidative stress by increasing the 

production of reactive oxygen species (ROS), which damage cellular structures, including 

bone cells. ROS promote the activation of NF-κB, a transcription factor that drives 

inflammation and osteoclastogenesis. Elevated oxidative stress also inhibits the differentiation 

of osteoblasts by impairing the BMP (Bone Morphogenetic Protein) pathway, further reducing 

bone formation [9,10]. 

• Disruption of Calcium Homeostasis: Alcohol impairs the absorption of calcium from the 

gastrointestinal tract and disrupts vitamin D metabolism. Alcohol reduces the liver's ability to 

convert vitamin D into its active form, calcitriol, which is necessary for calcium absorption. 

This calcium deficiency stimulates the release of parathyroid hormone (PTH), which 

mobilizes calcium from bones, leading to bone loss [11,12]. 

2. Stress and Bone Metabolism: Molecular Pathways: 

Stress, particularly chronic psychological stress, is associated with adverse effects on bone 

health. The primary mechanism is through the hypothalamic-pituitary-adrenal (HPA) axis, 

which regulates the body’s response to stress via the release of cortisol, a stress hormone. 

Chronic elevated cortisol levels have been linked to bone loss by reducing osteoblast activity 

(bone formation) and increasing osteoclast activity (bone resorption). Over time, this 

imbalance leads to lower bone mineral density (BMD), a key risk factor for osteoporosis. 

• Chronic Stress and Cortisol: Chronic psychological stress activates the hypothalamic- 

pituitary-adrenal (HPA) axis, leading to the release of corticotropin-releasing hormone (CRH) 

and the subsequent release of cortisol from the adrenal glands. Elevated cortisol levels have a 

direct catabolic effect on bones by inhibiting osteoblast activity and stimulating 

osteoclastogenesis. Cortisol impairs the production of bone matrix proteins such as type I 

collagen and inhibits the differentiation of mesenchymal stem cells into osteoblasts [13,14]. 



P a g e | 57 

Knowledgeable Research Vol 1, No 1, August 2022. ISSN 2583-6633 

Knowledgeable Research Vol 1, No 1, August 2022. ISSN 2583-6633 

Dr. Abnish Kumar Gautam  

 

 

• Glucocorticoid Receptor Activation: Cortisol binds to glucocorticoid receptors (GRs) on 

osteoblasts and osteoclasts. Activation of GRs in osteoblasts leads to downregulation of 

RUNX2 and other osteogenic factors, thereby reducing osteoblast function and bone 

formation. In osteoclasts, GR activation increases RANKL expression, further promoting bone 

resorption [15-17]. 

• Sympathetic Nervous System (SNS) and β-Adrenergic Receptors: Stress stimulates the release 

of norepinephrine, a neurotransmitter that activates β-adrenergic receptors on osteoblasts and 

osteoclasts. Activation of β-adrenergic receptors inhibits osteoblast activity and enhances 

osteoclastogenesis, leading to bone loss. This pathway links chronic stress to increased bone 

resorption and osteoporosis [18]. 

• Inflammatory Cytokines: Stress increases the production of pro-inflammatory cytokines like 

IL-6 and TNF-α, which stimulate osteoclast differentiation via the RANKL pathway, further 

enhancing bone resorption [19,20]. 

• Reduced Sex Hormone Levels: Stress-induced activation of the HPA axis also suppresses the 

hypothalamic-pituitary-gonadal axis, leading to reduced levels of estrogen and testosterone, 

both of which are critical for maintaining bone mass. In women, reduced estrogen levels lead 

to increased RANKL expression and osteoclast activation. In men, decreased testosterone 

levels impair osteoblast function and bone formation [21-23]. 

3. Synergistic Effects of Alcohol and Stress on Bone 

The combination of chronic alcohol consumption and psychological stress leads to a 

compounding effect on bone health. Both factors independently elevate cortisol levels and 

enhance oxidative stress, thereby increasing bone resorption and reducing bone formation. 

• Cortisol Synergy: Alcohol consumption can further elevate cortisol levels in individuals 

already experiencing chronic stress. This amplifies the catabolic effects of cortisol on bone 

tissue, accelerating bone loss. Prolonged exposure to high cortisol levels exacerbates the 

downregulation of osteogenic transcription factors such as RUNX2 and the upregulation of 

pro-resorptive factors like RANKL [24-26]. 

• Oxidative Stress and NF-κB Activation: Both alcohol and stress induce oxidative stress, which 

activates the NF-κB pathway. NF-κB plays a critical role in promoting inflammation and 

osteoclastogenesis, further accelerating bone degradation. Oxidative stress also reduces 

osteoblast differentiation by impairing signalling pathways like Wnt and BMP, which are 

essential for bone formation. 
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4. The Role of Oxidative Stress 

Alcohol and psychological stress both contribute to oxidative stress, a condition characterized 

by an imbalance between free radicals and antioxidants in the body. Oxidative stress is known 

to promote bone loss by increasing inflammation and promoting osteoclast activity. This 

process accelerates bone degradation, further increasing the risk of osteoporosis. In addition, 

oxidative stress can suppress osteoblast differentiation, reducing bone formation [10]. 

5. Fracture Risk in Alcohol and Stress Exposure 

Individuals who chronically consume alcohol and experience high levels of stress are at 

greater risk of falls and fractures. Alcohol impairs balance, coordination, and cognitive 

function, increasing the likelihood of falls, particularly in older adults. When combined with 

weakened bones due to stress and alcohol-induced osteoporosis, the risk of fractures becomes 

significantly elevated 27]. 

6. Potential Therapeutic Approaches 

• Antioxidants: Given the role of oxidative stress in alcohol- and stress-induced bone loss, 

antioxidants may help reduce bone resorption. Agents like N-acetylcysteine (NAC) and 

resveratrol have shown potential in reducing oxidative damage and protecting against bone 

loss [28]. 

• β-Blockers: Inhibitors of the β-adrenergic receptors, such as β-blockers, may help mitigate the 

negative impact of chronic stress on bone by preventing norepinephrine-induced bone 

esorption [29]. 

• Bisphosphonates and Denosumab: Medications that inhibit osteoclast activity, such as 

bisphosphonates and denosumab (an anti-RANKL antibody), are effective in reducing bone 

resorption and may be useful for individuals experiencing bone loss due to alcohol 

consumption and stress [30-31]. 

• Stress Management: Behavioural interventions, including mindfulness-based stress reduction 

(MBSR) and cognitive-behavioural therapy (CBT), can reduce cortisol levels and improve 

overall bone health by lowering the physiological response to stress [32]. 

Prevention and Management 

• Stress Management: Reducing stress through relaxation techniques, mindfulness, and 

counselling can help mitigate its impact on bone health. Managing stress also helps reduce the 

temptation to turn to alcohol as a coping mechanism. 

• Limit Alcohol Intake: Reducing alcohol consumption to moderate levels or abstaining 
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altogether is critical for preventing alcohol-induced bone loss. 

• Nutritional Support: Adequate intake of calcium and vitamin D, along with a balanced diet, 

can help protect against bone loss. Supplementation may be necessary for individuals at risk. 

• Exercise: Weight-bearing exercises, such as walking, running, and strength training, are 

effective in promoting bone health and counteracting the negative effects of alcohol and stress. 

Conclusion 

Alcohol and stress independently contribute to bone loss through multiple molecular 

mechanisms that impair bone remodelling, promote oxidative stress, and disrupt calcium 

homeostasis. The combination of alcohol and stress has a synergistic effect, exacerbating these 

processes and accelerating the development of osteoporosis. Therapeutic strategies that target 

oxidative stress, hormonal imbalances, and lifestyle modifications may help mitigate the 

detrimental effects of alcohol and stress on bone health. 
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