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Abstract: 

Osteoporosis is a pressing health concern characterized by diminished bone density and increased 

susceptibility to fractures, particularly among the elderly. The condition poses significant challenges 

due to its silent progression and substantial impact on quality of life and healthcare systems. 

Addressing osteoporosis requires effective prevention and treatment strategies. Moringa oleifera, 

commonly known as the "drumstick tree," has garnered attention for its potential therapeutic effects 

in managing osteoporosis. This review outlines the accumulating evidence suggesting that Moringa 

oleifera may offer promising avenues for osteoporosis management. Notably, Moringa oleifera 

contains a plethora of bioactive components, including vitamins, minerals, flavonoids, and 

glucosinolates, which contribute to its medicinal properties. Exploration of the mechanisms of 

action underlying Moringa oleifera's effects on bone health reveals its potential to promote bone 

formation, inhibit bone resorption, and exert anti-inflammatory and antioxidant effects. Preclinical 

studies have demonstrated encouraging results, showing improvements in bone mineral density, 

bone architecture, and biomarkers of bone turnover. Furthermore, clinical evidence supports the 

efficacy and safety of Moringa oleifera supplementation in osteoporosis patients. However, further 

research is warranted to elucidate optimal dosing regimens, evaluate long-term outcomes, and 

address potential confounding factors. In conclusion, this review highlights the potential of Moringa 

oleifera as a natural adjunctive therapy for osteoporosis. By synthesizing current knowledge on its 

bioactive components, mechanisms of action, preclinical and clinical evidence, and future research 

directions, this review aims to contribute to the growing understanding of Moringa oleifera's role in 

osteoporosis management. 

 

1. Introduction 

Osteoporosis stands as a prevalent and pressing global health issue, characterized by the progressive 

weakening of bone density and microarchitecture, leading to an increased risk of fractures. This 

condition affects millions worldwide, particularly among the elderly and postmenopausal women, 

posing significant challenges to public health systems and individual well-being. (1) Despite 
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advancements in medical science, current treatments for osteoporosis, such as bisphosphonates and 

hormone replacement therapy, have limitations including potential side effects and suboptimal 

efficacy in some patients. (2) Consequently, there is a growing recognition of the need for alternative 

or adjunctive therapies to complement existing treatments and improve outcomes for individuals 

with osteoporosis. (3) 

In recent years, attention has turned to natural remedies as potential options for managing 

osteoporosis. One such remedy that has gained increasing interest is Moringa oleifera, a plant native 

to the Indian subcontinent and widely cultivated in tropical and subtropical regions worldwide. 

Moringa oleifera, also known as the "drumstick tree" or "miracle tree," has a long history of 

traditional medicinal use for various health conditions due to its rich nutritional and 

pharmacological properties. (4) Moringa oleifera is renowned for its exceptional nutritional profile, 

containing high levels of vitamins, minerals, proteins, and antioxidants. (5) Additionally, it is 

abundant in bioactive compounds such as flavonoids, phenolic acids, and glucosinolates, which 

contribute to its diverse therapeutic effects. (6) Emerging research suggests that these bioactive 

components may hold promise in mitigating the progression of osteoporosis and promoting bone 

health. 

Studies investigating the potential effects of Moringa oleifera on bone metabolism have shown 

promising results in preclinical models. Animal studies have demonstrated improvements in bone 

mineral density, bone microarchitecture, and biomarkers of bone turnover following 

supplementation with Moringa oleifera extracts. (7) These findings have spurred interest in further 

exploring the mechanisms of action underlying its effects on bone health. In light of the limitations 

of current osteoporosis treatments and the promising preliminary evidence, there is a growing 

interest in investigating the therapeutic potential of Moringa oleifera as a natural remedy for 

osteoporosis. This review aims to provide a comprehensive overview of the bioactive components, 

mechanisms of action, preclinical and clinical evidence, and future research directions pertaining to 

the use of Moringa oleifera in osteoporosis management. (8)(9) 

 

2. Osteoporosis in Menopausal Women: 

Hormonal changes during menopause have a profound impact on bone health. The key hormonal 

changes that occur during menopause include a significant decline in estrogen and changes in other 

hormones like progesterone and parathyroid hormone. These changes lead to several consequences 

that affect bone health. 

1. Estrogen Decline: 

 Estrogen plays a crucial role in maintaining bone density by regulating the balance between bone 

formation and bone resorption. During menopause, there is a sharp decrease in estrogen levels. This 

hormonal shift leads to accelerated bone resorption (the process of breaking down bone tissue) and 

a reduction in bone formation. As a result, bone density decreases more rapidly. (10) 

2. Loss of Bone Mass: 

 Menopausal women often experience a loss of bone mass, particularly in the trabecular bone, 

which is the spongy interior of bones. This loss of bone mass compromises bone strength and 

increases the likelihood of fractures. (11) 

3. Increased Bone Porosity: 

 As bone density diminishes, bones become more porous and less dense. This increased porosity 

weakens bone structure and reduces resistance to fractures. (12) 

4. Higher Fracture Risk:  

The combination of reduced bone density, increased bone porosity, and the loss of bone mass makes 

menopausal women more susceptible to fractures. Common sites for osteoporosis-related fractures 

during this stage include the hip, spine, and wrist. (13) 

5. Impact on Bone Remodelling: 
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 Hormonal changes during menopause disrupt the natural bone remodelling process. This process 

involves the removal of old bone tissue and the formation of new bone. With the estrogen decline, 

this balance is skewed, resulting in more bone being broken down than rebuilt. (14) 

6. Quality of Life and Independence: 

 Fractures, particularly those involving the hip or spine, can have profound consequences for a 

woman's overall quality of life. They often lead to physical pain, decreased mobility, and loss of 

independence. Women may experience limitations in their ability to perform daily activities, leading 

to a decrease in overall well-being. 

7. Financial and Emotional Burdens: 

 Managing fractures and their aftermath can lead to significant financial and emotional burdens. 

This includes healthcare costs, rehabilitation, and caregiving. These burdens can affect a woman's 

emotional well-being and that of her family. (15) 

 

2.1 Mechanism of estrogen decline in menopause. 

The mechanism of estrogen decline in menopause is primarily associated with the aging of a 

woman's reproductive system. Estrogen, produced primarily in the ovaries, plays a pivotal role in 

regulating the female reproductive system and maintaining various bodily functions. During 

menopause, several factors contribute to the progressive decrease in estrogen levels: 

1. Ovarian Aging: 

 The primary source of estrogen in premenopausal women is the ovaries. Ovarian aging is a natural 

process that occurs throughout a woman's life. As a woman ages, the number of follicles (tiny sacs 

that contain immature eggs) in her ovaries diminishes. With fewer follicles, there is a reduced 

capacity to produce and release estrogen. 

2. Follicular Atresia: 

 As women age, many of their ovarian follicles undergo atresia, which is the degeneration and 

reabsorption of these follicles. This process further reduces the number of functional follicles and, 

consequently, the estrogen-producing capacity of the ovaries. 

3. Menstrual Irregularities: 

 As the number of functional follicles decreases, menstrual cycles may become irregular. Ovulation 

may not occur with each cycle, leading to variations in estrogen production. 

4. Aging Ovarian Follicles: 

The remaining ovarian follicles may produce less estrogen as they age, and the quality of the eggs 

within them declines. This contributes to a decrease in estrogen levels and an overall reduction in 

reproductive capacity. 

5. Gradual Hormonal Shift: 

As the ovarian function declines, there is a shift in hormonal balance. The hypothalamus and 

pituitary gland in the brain, which regulate reproductive hormones, attempt to compensate for the 

declining ovarian function by releasing higher levels of follicle-stimulating hormone (FSH) and 

luteinizing hormone (LH). These hormones stimulate the ovaries to produce more estrogen, but the 

ovaries' capacity to respond diminishes. 

6. Menopause Onset: 

Eventually, the ovaries reach a point where they can no longer respond to FSH and LH effectively. 

This results in a sharp decline in estrogen production, marking the onset of menopause. 

 

The process of estrogen decline is gradual, and it typically occurs over several years leading up to 

menopause, known as perimenopause. During perimenopause, women may experience irregular 

menstrual cycles, hot flashes, night sweats, and other symptoms related to hormonal fluctuations. 

Once menopause is reached, estrogen levels remain consistently low. (16) 

It's important to note that while the ovaries are the primary source of estrogen, other tissues in the 

body, such as fat cells and the adrenal glands, continue to produce small amounts of estrogen even 
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after menopause. However, these sources are not sufficient to maintain premenopausal levels of 

estrogen, leading to the characteristic hormonal changes associated with menopause. 

 

2.2 Mechanism of loss of bone mass in osteoporosis 

The loss of bone mass in osteoporosis is a complex process that involves an imbalance between 

bone formation and bone resorption. Several cellular and molecular mechanisms contribute to this 

condition. 

1. Normal Bone Remodelling: 

 Bone tissue undergoes a continuous remodelling process, which involves the removal of old bone 

(resorption) and the formation of new bone (formation). This process helps maintain bone strength 

and repair microdamage. 

2. Osteoclast Activity: 

 Osteoclasts are specialized cells responsible for bone resorption. They secrete enzymes and acids 

that break down the mineralized bone matrix and release calcium into the bloodstream. This is a 

normal part of bone remodelling. 

3. Osteoblast Activity: 

Osteoblasts are cells responsible for bone formation. They produce collagen and other proteins that 

make up the bone matrix and initiate the process of mineralization, which strengthens bone. 

4. Hormonal Regulation: 

 Hormones play a crucial role in maintaining the balance between bone formation and resorption. 

Estrogen has a significant impact on bone health. It suppresses the activity of osteoclasts, reducing 

bone resorption and promoting bone formation. 

5. The Role of Parathyroid Hormone (PTH): 

 Parathyroid hormone is another hormone that regulates calcium and phosphate levels in the body. 

In response to low blood calcium levels, the parathyroid glands release PTH, which stimulates 

osteoclast activity, leading to increased bone resorption to release calcium. (17) 

6. Bone Loss in Osteoporosis: 

Osteoporosis occurs when there is an imbalance in bone remodelling, with increased bone 

resorption and decreased bone formation. Several factors contribute to this imbalance: 

 - Hormonal Changes: In postmenopausal women, the significant decline in estrogen levels (as 

discussed earlier) results in an increase in osteoclast activity and bone resorption, leading to bone 

loss. 

- Aging: Aging itself is associated with changes in bone density. As individuals get older, bone 

turnover slows down, and the balance between resorption and formation becomes skewed, with a 

greater emphasis on resorption. 

- Nutritional Deficiencies: Inadequate intake of essential nutrients like calcium and vitamin D can 

compromise bone health and reduce the ability to form new bone tissue. 

- Lifestyle Factors: Sedentary lifestyles, smoking, excessive alcohol consumption, and certain 

medications can further accelerate bone loss. 

7. Microarchitectural Changes: 

 In osteoporosis, the loss of bone mass is not uniform. Instead, there are microarchitectural changes 

in bone structure, making the bone more porous and less dense. This microarchitectural 

deterioration weakens the bone and increases its fragility. 

8. Fracture Risk: 

Osteoporosis results in bones that are more susceptible to fractures, particularly in weight-bearing 

areas like the hip, spine, and wrist. These fractures can have a profound impact on an individual's 

overall quality of life, independence, and well-being. (18) 

 

2.3 Mechanism of Increased Bone Porosity 

Increased bone porosity, also known as osteoporosis, is a condition characterized by the 

deterioration of bone microarchitecture, leading to decreased bone density and increased 
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vulnerability to fractures. Several mechanisms contribute to the development of increased bone 

porosity: 

1. Enhanced Bone Resorption: 

 Osteoclasts, specialized cells responsible for breaking down bone tissue, play a central role in bone 

remodelling. In osteoporosis, there is an imbalance between bone resorption and formation, with 

increased activity of osteoclasts. This excessive bone resorption results in the removal of bone 

matrix, leading to the creation of larger and more numerous pores within the bone structure. 

2. Reduced Bone Formation: 

 Osteoblasts, cells responsible for bone formation, are also affected in osteoporosis. While bone 

formation occurs concurrently with resorption during normal bone remodelling, the activity of 

osteoblasts may be insufficient to compensate for the excessive bone resorption in osteoporosis. 

This leads to a net loss of bone mass and increased porosity. 

3. Hormonal Imbalance: 

 Hormonal changes, particularly the decline in estrogen levels in postmenopausal women, 

contribute to increased bone porosity. Estrogen plays a crucial role in maintaining bone density by 

inhibiting osteoclast activity and promoting osteoblast function. The decrease in estrogen levels 

during menopause disrupts this balance, leading to accelerated bone loss and increased porosity. 

4. Age-Related Changes: 

Aging is a significant risk factor for osteoporosis. As individuals age, bone remodelling becomes 

less efficient, resulting in decreased bone formation and increased bone resorption. This age-related 

decline in bone turnover contributes to the gradual loss of bone mass and increased porosity. 

5. Nutritional Deficiencies: 

 Inadequate intake of essential nutrients such as calcium, vitamin D, and protein can impair bone 

health and contribute to increased bone porosity. Calcium and vitamin D are essential for bone 

mineralization and remodelling processes, while protein provides the building blocks necessary for 

bone formation. 

6. Lifestyle Factors: 

 Certain lifestyle factors, including sedentary behaviour, smoking, excessive alcohol consumption, 

and poor dietary habits, can exacerbate bone loss and increase porosity. These factors may directly 

impact bone turnover or indirectly affect bone health through their effects on hormonal regulation, 

nutrient absorption, and overall bone metabolism. (19) 

7. Microarchitectural Changes: 

The structural integrity of bone is compromised in osteoporosis, leading to alterations in bone 

microarchitecture. These microarchitectural changes include thinner trabeculae (the lattice-like 

structures within bone), increased trabecular separation, and larger intertrabecular spaces. These 

alterations result in decreased bone density and increased porosity, making the bone more 

susceptible to fractures. 

 

2.4 Higher Fracture Risk 

Higher fracture risk is a significant consequence of osteoporosis, a condition characterized by 

reduced bone density and increased bone fragility. Several factors contribute to the elevated risk of 

fractures in individuals with osteoporosis. 

1. Decreased Bone Strength: 

 Osteoporosis leads to the deterioration of bone microarchitecture, resulting in bones that are less 

dense and more porous. This structural weakness compromises bone strength and resistance to 

mechanical stress, making fractures more likely. 

2. Loss of Bone Mass: 

 Osteoporosis is associated with a decrease in bone mass, particularly in trabecular bone (the spongy 

inner layer of bone) but also in cortical bone (the dense outer layer). The loss of bone mass weakens 

the structural integrity of the bone, increasing susceptibility to fractures. (20) 

3. Site-Specific Fracture Patterns:  
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Osteoporosis-related fractures often occur at specific sites, including the hip, spine (vertebrae), and 

wrist. Hip fractures are particularly concerning due to their association with significant morbidity, 

mortality, and loss of independence. Vertebral fractures can lead to pain, spinal deformities, and 

height loss, while wrist fractures can impair hand function and mobility. 

4. Age-Related Changes:  

Aging is a major risk factor for osteoporosis and fractures. As individuals age, bone turnover 

decreases, leading to gradual bone loss and decreased bone strength. Age-related changes in bone 

structure, hormonal regulation, and muscle mass further contribute to the increased fracture risk in 

older adults. (21) 

5. Hormonal Factors: 

Hormonal changes play a critical role in bone metabolism, and alterations in hormone levels can 

affect bone health. Postmenopausal women are particularly susceptible to osteoporosis and fractures 

due to the decline in estrogen levels following menopause. Estrogen plays a key role in maintaining 

bone density by inhibiting bone resorption and promoting bone formation. Similarly, low levels of 

testosterone in men can also contribute to bone loss and increased fracture risk. 

6. Nutritional Deficiencies: 

Inadequate intake of essential nutrients such as calcium, vitamin D, and protein can weaken bones 

and increase fracture risk. Calcium and vitamin D are essential for bone mineralization and 

remodelling processes, while protein provides the building blocks necessary for bone formation. (23) 

7. Lifestyle Factors:  

Certain lifestyle factors can exacerbate bone loss and increase fracture risk. Sedentary behaviour, 

smoking, excessive alcohol consumption, and poor dietary habits can negatively impact bone 

health. Additionally, falls resulting from impaired balance, muscle weakness, or environmental 

hazards further increase the likelihood of fractures in individuals with osteoporosis. 

8. Previous Fractures: 

 Individuals who have already experienced a fracture due to osteoporosis are at increased risk of 

subsequent fractures. This increased risk may be attributed to underlying bone fragility and 

compromised bone healing mechanisms. 

 

2.5 Impact on Bone Remodelling 

Bone remodelling is a continuous process that involves the removal of old bone tissue (resorption) 

by osteoclasts and the formation of new bone tissue (formation) by osteoblasts. This dynamic 

process helps maintain bone strength, repair microdamage, and regulate mineral homeostasis. 

However, in conditions like osteoporosis, there is an imbalance between bone resorption and 

formation, leading to a disruption in bone remodelling.  

1. Increased Bone Resorption: 

 Osteoclasts, specialized cells responsible for bone resorption, are overactive in osteoporosis. They 

secrete enzymes and acids that break down the mineralized bone matrix, leading to the removal of 

old bone tissue. This excessive bone resorption contributes to the loss of bone mass and structural 

deterioration characteristic of osteoporosis. 

2. Reduced Bone Formation: 

 While bone formation occurs concurrently with resorption during normal bone remodelling, the 

activity of osteoblasts, cells responsible for bone formation, may be insufficient to compensate for 

the increased bone resorption in osteoporosis. This results in a net loss of bone mass over time. 

Factors contributing to reduced bone formation in osteoporosis include hormonal imbalances, age-

related changes, and nutritional deficiencies. 

3. Imbalance in Remodelling Cycle: 

In osteoporosis, the balance between bone resorption and formation is disrupted, leading to an 

imbalance in the remodelling cycle. The duration of bone resorption may be prolonged, while the 

duration of bone formation may be shortened. This altered remodelling cycle results in a negative 

bone turnover balance, with more bone being removed than replaced. 
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4. Changes in Bone Microarchitecture: 

Osteoporosis is characterized by alterations in bone microarchitecture, including thinner trabeculae 

(the lattice-like structures within bone), increased trabecular separation, and larger intertrabecular 

spaces. These microarchitectural changes weaken bone structure and reduce bone strength, making 

bones more susceptible to fractures. 

5. Site-Specific Effects: 

Osteoporosis affects bone remodelling differently in various skeletal sites. Trabecular bone, which 

is found in the spine and ends of long bones, is more susceptible to osteoporotic changes than 

cortical bone, which forms the dense outer layer of long bones. As a result, osteoporosis-related 

fractures often occur in trabecular-rich areas like the spine, hip, and wrist. 

 

6. Impaired Bone Healing: 

Osteoporosis can impair the bone healing process following a fracture. The compromised bone 

microenvironment, reduced bone formation capacity, and altered cellular activity in osteoporotic 

bone may hinder the normal bone healing response, leading to delayed healing, non-union, or 

malunion of fractures. (23) 

 

2.5 Quality of Life and Independence 

The quality of life and independence of individuals with osteoporosis can be significantly impacted 

due to the physical, psychological, and social consequences of the condition. (24) 

1. Physical Impairment: 

Pain: Osteoporosis-related fractures, especially those in the spine and hip, can cause significant 

pain, reducing mobility and impairing daily activities. 

Decreased Mobility: Fractures, pain, and skeletal deformities resulting from osteoporosis can limit 

mobility, making it difficult to walk, climb stairs, or perform routine tasks independently. 

Loss of Height: Vertebral fractures can lead to compression of the spine, resulting in a reduction in 

height. This can affect posture and increase the risk of falls. 

Impaired Physical Function: Fractures and skeletal deformities can impair physical function, 

affecting activities such as dressing, bathing, and household chores. 

 

2. Psychological Impact: 

Anxiety and Depression: Chronic pain, functional limitations, and concerns about future fractures 

can contribute to anxiety and depression in individuals with osteoporosis. 

 Body Image Issues: Changes in posture and height due to vertebral fractures can impact body 

image and self-esteem, leading to feelings of self-consciousness and social withdrawal. 

Fear of Falling: Individuals with osteoporosis may develop a fear of falling, which can further 

restrict activity levels and reduce quality of life. 

 

3. Social Consequences: 

Loss of Independence: Functional limitations and mobility impairments can lead to a loss of 

independence, as individuals may rely on others for assistance with daily tasks and activities. 

Social Isolation: Pain, fear of falling, and mobility restrictions can result in social isolation and 

withdrawal from social activities and interactions. 

Financial Burden: Osteoporosis-related fractures can impose a financial burden on individuals and 

their families due to healthcare costs, including medical treatments, rehabilitation, and assistive 

devices. 

 

4. Impact on Care givers:  

Increased Caregiver Burden: Family members or caregivers may experience increased stress and 

burden due to the caregiving responsibilities associated with supporting individuals with 

osteoporosis, especially those with mobility limitations or cognitive impairment. 
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Emotional Distress: Caregivers may experience emotional distress, including feelings of guilt, 

frustration, and burnout, as they navigate the challenges of supporting a loved one with 

osteoporosis. 

 

5. Reduced Quality of Life: 

Overall, osteoporosis can significantly reduce the quality of life for individuals affected by the 

condition, impacting physical function, psychological well-being, social engagement, and overall 

satisfaction with life. 

 

2.6 Financial and Emotional Burdens 

The financial and emotional burdens associated with osteoporosis can significantly impact 

individuals, families, and healthcare systems. 

1. Healthcare Costs: 

Medical Treatments: Osteoporosis-related healthcare costs include expenses associated with 

diagnostic tests (e.g., bone density scans), medications (e.g., bisphosphonates, calcium, vitamin D 

supplements), and surgical interventions (e.g., fracture repair, joint replacement). 

Rehabilitation: Individuals with osteoporosis may require rehabilitation services, such as physical 

therapy and occupational therapy, to recover from fractures and regain functional independence. 

Assistive Devices: Mobility aids (e.g., walkers, canes), orthotic devices (e.g., back braces), and 

home modifications (e.g., handrails, grab bars) may be necessary to support individuals with 

osteoporosis and prevent falls. 

 

2. Lost Productivity: 

Work Absenteeism: Osteoporosis-related pain, fractures, and medical appointments may result in 

missed workdays or reduced work productivity for individuals affected by the condition. 

Caregiver Responsibilities: Family members or caregivers may need to take time off work to 

provide care and support for individuals with osteoporosis, resulting in lost wages and productivity. 

 

3. Out-of-Pocket Expenses: 

Co-payments and Deductibles: Individuals with osteoporosis may incur out-of-pocket expenses for 

insurance co-payments, deductibles, and uncovered healthcare services. 

Over-the-Counter Medications: Over-the-counter pain relievers and supplements may be necessary 

to manage osteoporosis-related symptoms and complications, adding to out-of-pocket costs. (25) 

 

4. Long-Term Care: 

Nursing Home Care: Severe osteoporosis-related fractures or complications may require long-term 

nursing home care, which can be financially burdensome for individuals and their families. 

In-Home Care: Some individuals with osteoporosis may require in-home care services, such as 

assistance with activities of daily living (e.g., bathing, dressing), meal preparation, and medication 

management. 

 

5. Emotional impact: 

Anxiety and Depression: Chronic pain, functional limitations, fear of falling, and concerns about 

future fractures can contribute to anxiety and depression in individuals with osteoporosis. 

Loss of Independence: Functional decline and mobility impairments may lead to feelings of 

frustration, helplessness, and loss of independence, impacting emotional well-being. 

Social Isolation: Pain, mobility restrictions, and fear of falling can result in social withdrawal and 

isolation, exacerbating feelings of loneliness and depression. 
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6. Caregiver Stress: 

Emotional Strain: Family members or caregivers may experience emotional stress, guilt, and worry 

as they navigate the challenges of supporting a loved one with osteoporosis, especially if they 

require significant assistance with daily activities. 

Physical Strain: Caregiving responsibilities, such as lifting, transferring, and providing physical 

support, can result in physical strain and fatigue for caregivers. (26) 

 

3. Nutritional Needs in Menopausal Women: 

Menopausal women have unique nutritional requirements for bone health due to hormonal changes, 

age-related factors, and increased risk of osteoporosis.  

 

Table-1 list of essential nutrients for menopausal women and their sources. (27) 

S.NO NUTRIENTS SOURCE OF NUTRIENTS NEED FOR 

CONSUMPTION 

1. Calcium  -milk, cheese, and yogurt 

-leafy green vegetables (e.g., 

kale, broccoli) 

-fortified foods (e.g., orange 

juice, tofu)  

-canned fish with bones (e.g., 

sardines, salmon). 

 

Calcium absorption 

may decline with 

age, so menopausal 

women should 

spread calcium and 

consume vitamin D-

rich foods to 

enhance absorption. 

 

2. Vitamin D - primary source- Sun exposure 

-fatty fish (e.g., salmon, 

mackerel) 

 -fortified foods (e.g., milk, 

orange juice, cereal) 

- egg yolks, and supplements. 

 

Menopausal women 

require higher 

vitamin D intake, 

particularly if they 

have limited sun 

exposure or low 

serum vitamin D 

levels. 

 

3. Magnesium nuts, seeds, whole grains, leafy 

green vegetables, legumes, and 

fortified foods 

beneficial for 

individuals with low 

dietary intake or 

absorption issues. 

4. Vitamin K leafy green vegetables (e.g., 

kale, spinach, broccoli) 

- Brussels sprouts, cabbage 

-fermented foods (e.g., natto, 

sauerkraut)  

-vegetable oils (e.g., soybean, 

canola) 

 

beneficial for 

menopausal women 

5. Protein lean meats, poultry, fish, eggs, 

dairy products, legumes, nuts, 

seeds, and tofu. 

beneficial for 

menopausal women 

due to their lower 

acidity and potential 

to reduce calcium 

loss from bones. 
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6. Phosphorus dairy products, meat, poultry, 

fish, eggs, nuts, seeds, whole 

grains, and legumes. 

- works 

synergistically with 

calcium to support 

bone mineralization 

and strength. 

 -Menopausal 

women should 

ensure adequate 

phosphorus intake to 

support bone health. 

 

7. Omega-3 Fatty Acids -fatty fish (e.g., salmon, 

mackerel, sardines) 

 -flaxseeds, chia seeds, 

walnuts, and algae-based 

supplements. 

 

Menopausal women 

should include 

sources of omega-3 

fatty acids in their 

diet to support 

overall bone health. 

 

 

4. Bioactive Components of Moringa oleifera 

4.1 Overview of the phytochemical composition of Moringa oleifera. (28,29) 

The phytochemical composition of Moringa oleifera, commonly referred to as the "drumstick tree" 

or "miracle tree," is exceptionally rich and diverse, contributing to its various medicinal and 

therapeutic properties. This plant contains a wide array of bioactive compounds, including vitamins, 

minerals, antioxidants, phenolic compounds, flavonoids, glucosinolates, and amino acids. 

1. Vitamins: Moringa oleifera is known to be a rich source of vitamins, particularly vitamin C, 

vitamin A (as beta-carotene), vitamin E, vitamin K, and several B vitamins such as thiamine (B1), 

riboflavin (B2), niacin (B3), and folate (B9). These vitamins play crucial roles in various 

physiological processes, including bone metabolism and antioxidant defence. 

2. Minerals: Moringa oleifera contains essential minerals such as calcium, magnesium, 

phosphorus, potassium, iron, zinc, and selenium. These minerals are vital for maintaining bone 

health, as they contribute to bone structure, mineralization, and density. 

3. Antioxidants: The presence of antioxidants in Moringa oleifera, including phenolic compounds 

(such as quercetin, kaempferol, and catechins) and flavonoids, confers potent antioxidant activity. 

These antioxidants help neutralize harmful free radicals, reducing oxidative stress and 

inflammation, which are implicated in the pathogenesis of osteoporosis. 

4. Glucosinolates: Moringa oleifera contains glucosinolates, sulphur-containing compounds known 

for their potential anti-inflammatory and anti-cancer properties. While the exact role of 

glucosinolates in bone health is still being elucidated, their anti-inflammatory effects may indirectly 

benefit bone metabolism by reducing bone resorption. 

5. Amino Acids: Moringa oleifera is a good source of essential and non-essential amino acids, 

including all nine essential amino acids that the human body cannot synthesize on its own. Amino 

acids are the building blocks of proteins, which are crucial for bone formation and repair. 

6.Flavonoids: Moringa oleifera contains various flavonoids, such as quercetin, kaempferol, and 

catechins, which possess antioxidant, anti-inflammatory, and potential bone-protective properties. 

Flavonoids may help reduce oxidative stress and inflammation in bone tissue, thereby preserving 

bone density and mitigating bone loss associated with osteoporosis. 

 

4.2 Discussion of key bioactive compounds like vitamins, minerals and flavonoids. 

The bioactive compounds found in Moringa oleifera encompass a diverse array of vitamins, 

minerals and flavonoids. Each contributing to its medicinal properties and potential therapeutic 
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effects. Understanding the roles of these compounds is crucial in evaluating the potential of 

Moringa oleifera in managing osteoporosis and promoting overall health. (30,31) 

 

Table -2 list of key bioactive compounds of moringa oleifera. 
S.NO PHYTOCHEMICAL COMPONENTS ROLES 

1 Vitamins Vitamin-C Potent Antioxidant, collagen synthesis, bone 

mineralization, and tissue repair. 

Vitamin-A (β-

carotene) 

Helps maintaining healthy bones and promoting 

bone growth and development. 

Vitamin-E Potent antioxidant, protecting cells from oxidative 

damage and potentially mitigating bone loss. 

Vitamin-K Helps in bone metabolism by facilitating calcium 

binding to bone matrix proteins, thereby enhancing 

bone mineral density and reducing fracture risk 

Vitamin-B Essential for energy metabolism and cellular 

processes. 

 bone formation and remodelling. 

2 Minerals Calcium Crucial for bone structure and strength. 

bone mineralization and maintenance of bone 

density. 

Magnesium  Bone metabolism, regulates calcium levels, 

supports bone formation, and influences bone 

density. 

Phosphorus Works in conjunction with calcium to form 

hydroxyapatite crystals. 

Primary mineral component of bone. 

Potassium Maintains acid-base balance. 

Supporting bone mineralization. 

3 Flavonoids  quercetin  Possess antioxidant, anti-inflammatory, and 

potential bone-protective properties. 

Help reduce oxidative stress and inflammation in 

bone tissue. 

 Preserves bone density. 

 Mitigates bone loss associated with osteoporosis. 

kaempferol 

catechins 

    

5.Mechanisms of Actions: 

5.1 Exploration of the pharmacological mechanisms underlying the effects of Moringa oleifera 

on bone health. (33) 

The pharmacological mechanisms underlying the effects of Moringa oleifera on bone health involve 

a multifaceted interplay of its bioactive compounds, which exert various physiological effects 

relevant to bone metabolism. While the exact mechanisms are still being elucidated, several key 

pathways and processes have been proposed: 

1. Promotion of Bone Formation (Osteoblastogenesis):  

Moringa oleifera contains bioactive compounds, such as vitamins (e.g., vitamin K), minerals (e.g., 

calcium, magnesium), and flavonoids, which are essential for bone formation and mineralization. 

These nutrients play critical roles in osteoblast activity, collagen synthesis, and the formation of 

hydroxyapatite crystals, the primary mineral component of bone. By providing the necessary 

building blocks for bone formation, Moringa oleifera may help enhance bone density and strength. 

 

2. Inhibition of Bone Resorption (Osteoclastogensis): 

 Moringa oleifera possesses anti-inflammatory and antioxidant properties attributed to its 

flavonoids, phenolic compounds, and glucosinolates. Chronic inflammation and oxidative stress are 

implicated in bone loss and osteoporosis development by promoting osteoclast activity and bone 
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resorption. By mitigating inflammation and oxidative stress, Moringa oleifera may help inhibit 

excessive bone resorption, preserving bone mass and integrity by suppressing osteoclastogenesis in 

the bone microenvironment. 

 

3. Regulation of Bone Remodelling: 

 Bone remodelling, the continuous process of bone resorption and formation, is tightly regulated by 

various signalling pathways and factors. Moringa oleifera bioactive compounds, such as vitamins, 

minerals, and phytochemicals, may modulate key signalling pathways involved in bone 

remodelling, such as the Wnt/β-catenin pathway and the RANK/RANKL/OPG system. Activation 

of the Wnt/β-catenin pathway promotes osteoblastogenesis and bone formation, while inhibition of 

the RANK/RANKL/OPG system suppresses osteoclastogenesis and bone resorption. Moringa 

oleifera may regulate these pathways to maintain skeletal homeostasis and optimize bone turnover. 

4. Enhancement of Bone Strength:  

Moringa oleifera bioactive compounds, particularly minerals like calcium, magnesium, and 

phosphorus, contribute to bone mineralization and density, enhancing bone strength and resistance 

to fractures. Additionally, flavonoids and phenolic compounds may improve bone quality by 

promoting collagen synthesis and cross-linking, which are essential for bone matrix integrity and 

mechanical strength. 

5. Modulation of Hormonal Pathways: 

 Moringa oleifera may influence hormonal pathways relevant to bone metabolism, such as the 

estrogen and vitamin D pathways. Phytoestrogens present in Moringa oleifera may exert estrogenic 

effects, which can help maintain bone density and prevent estrogen deficiency-induced bone loss. 

Furthermore, Moringa oleifera may enhance vitamin D metabolism and signalling, promoting 

calcium absorption and utilization for bone mineralization. 

6. Antioxidant and Anti-inflammatory Effects: 

Chronic inflammation and oxidative stress contribute to bone loss and osteoporosis development by 

promoting osteoclast activity and bone resorption. Moringa oleifera's antioxidant and anti-

inflammatory properties, attributed to its flavonoids, phenolic compounds, and glucosinolates, help 

mitigate these detrimental effects, preserving bone mass and structure. 

 

 5.2 Discussion of its potential roles in bone formation, mineralization, and remodelling. (34) 

Moringa oleifera holds significant potential in promoting bone formation, mineralization, and 

remodelling, essential processes for maintaining bone health and integrity. Its bioactive compounds 

exert diverse effects that contribute to these aspects of bone metabolism: 

 

1. Bone Formation: 

Promotion of Osteoblast Activity: Moringa oleifera is rich in vitamins (e.g., vitamin K), minerals 

(e.g., calcium, magnesium), and flavonoids, which are essential for osteoblast differentiation and 

function. These nutrients provide the necessary cofactors and substrates for collagen synthesis, a 

critical step in bone formation. 

Stimulation of Osteogenesis: Phytochemicals found in Moringa oleifera, such as quercetin and 

kaempferol, have been shown to enhance osteoblastogenesis and increase bone formation rates. 

They may activate signalling pathways involved in osteoblast differentiation and proliferation, 

thereby promoting the formation of new bone tissue. 

Enhancement of Bone Matrix Production: Moringa oleifera may stimulate the production of bone 

matrix proteins, including collagen and osteocalcin, which are essential components of the bone 

matrix. By increasing the synthesis and deposition of these proteins, Moringa oleifera contributes to 

the formation of strong and resilient bone tissue. 

 

2. Bone Mineralization: 
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Provision of Essential Minerals: Moringa oleifera is a rich source of minerals such as calcium, 

phosphorus, and magnesium, which are crucial for bone mineralization. These minerals serve as 

building blocks for hydroxyapatite crystals, the primary mineral component of bone, and play 

essential roles in maintaining bone density and strength. 

Enhancement of Calcium Absorption: Some bioactive compounds found in Moringa oleifera, such 

as vitamin D and certain flavonoids, may enhance calcium absorption in the intestine. By improving 

calcium availability, Moringa oleifera supports the mineralization of newly formed bone tissue and 

helps maintain optimal bone density. 

 

3. Bone Remodelling: 

Regulation of Osteoclast Activity: Moringa oleifera contains compounds with potential anti-

resorptive effects, such as flavonoids and glucosinolates, which may help inhibit osteoclast activity 

and reduce bone resorption. By modulating the balance between bone formation and resorption, 

Moringa oleifera contributes to the maintenance of bone mass and structure. 

Modulation of Bone Turnover: Moringa oleifera may influence the activity of osteoblasts and 

osteoclasts, the cells responsible for bone formation and resorption, respectively. By regulating 

bone turnover, Moringa oleifera ensures the continuous renewal and remodelling of bone tissue, 

which is essential for bone health and adaptation to mechanical stress. 

 

5.3 Overview of its anti-inflammatory, antioxidant, and anti-resorptive properties. 

1. Anti-inflammatory Properties: 

Moringa oleifera contains bioactive compounds such as flavonoids, phenolic acids, and 

glucosinolates, which possess anti-inflammatory properties. These compounds help mitigate 

inflammation by inhibiting the production of pro-inflammatory cytokines and enzymes, such as 

interleukin-6 (IL-6) and cyclooxygenase-2 (COX-2). By reducing inflammation in the bone 

microenvironment, Moringa oleifera may help alleviate the inflammatory response associated with 

osteoporosis, which contributes to bone loss and compromised bone integrity. (35) 

2. Antioxidant Properties: 

Moringa oleifera is rich in antioxidants, including vitamins (e.g., vitamin C, vitamin E), flavonoids 

(e.g., quercetin, kaempferol), and phenolic compounds. These antioxidants help neutralize harmful 

free radicals and reactive oxygen species (ROS) generated during oxidative stress. By scavenging 

free radicals and reducing oxidative damage, Moringa oleifera protects bone cells and tissues from 

oxidative stress-induced injury, which is implicated in bone loss, impaired bone formation, and 

decreased bone strength associated with osteoporosis. 

 

3. Anti-resorptive Properties: 

Certain bioactive compounds found in Moringa oleifera, such as flavonoids and glucosinolates, 

exhibit potential anti-resorptive effects. These compounds may inhibit the activity of osteoclasts, 

the cells responsible for bone resorption, by interfering with signalling pathways involved in 

osteoclast formation and function. By suppressing excessive bone resorption, Moringa oleifera 

helps maintain bone mass and integrity, preventing the progressive loss of bone density 

characteristic of osteoporosis. This anti-resorptive action complements its osteogenic effects, 

promoting a balanced bone turnover and preserving skeletal health. (35) 

 

6. Preclinical Evidence 

6.1 Review of in vitro and animal studies investigating the effects of Moringa oleifera on bone 

metabolism. 

In vitro and animal studies investigating the effects of Moringa oleifera on bone metabolism have 

provided valuable insights into its potential therapeutic properties for promoting bone health and 

managing conditions such as osteoporosis. These studies have explored various aspects of Moringa 
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oleifera supplementation, including its effects on bone mineral density, bone architecture, bone 

turnover markers, and underlying molecular mechanisms. 

1. Bone Mineral Density (BMD): 

Studies, both in vitro and in animal models, consistently demonstrate that supplementation with 

Moringa oleifera extracts or powders leads to improvements in BMD. In vitro studies using bone 

cell cultures have shown that Moringa oleifera promotes osteoblast differentiation and 

mineralization, resulting in increased BMD. Animal studies have reported enhanced BMD in 

various skeletal sites following Moringa oleifera supplementation, indicating its potential to prevent 

or mitigate bone loss associated with conditions like osteoporosis. 

2. Bone Turnover Markers: 

Studies have investigated the effects of Moringa oleifera on biomarkers of bone turnover, including 

markers of bone resorption and bone formation. Animal studies have consistently reported 

reductions in bone resorption markers, such as tartrate-resistant acid phosphatase (TRAP) and C-

terminal telopeptide of type I collagen (CTX-I), following Moringa oleifera supplementation. 

Concurrently, increases in bone formation markers, such as osteocalcin and alkaline phosphatase, 

have been observed, indicating a shift towards a more balanced bone turnover with enhanced bone 

formation and reduced bone resorption. (36) 

3. Molecular Mechanisms: 

In vitro studies have elucidated potential molecular mechanisms underlying the effects of Moringa 

oleifera on bone metabolism. These mechanisms include activation of signalling pathways involved 

in osteoblast differentiation and mineralization (e.g., Wnt/β-catenin pathway), inhibition of 

osteoclastogenesis and bone resorption (e.g., RANK/RANKL/OPG system), and modulation of 

oxidative stress and inflammation pathways. Animal studies have further supported these findings, 

showing changes in the expression of genes involved in bone formation and resorption in response 

to Moringa oleifera supplementation. (37) 

4. Bone Architecture: 

Animal studies have provided evidence of favourable effects of Moringa oleifera supplementation 

on bone architecture, as assessed by micro-computed tomography (micro-CT) or histological 

analysis. Supplementation with Moringa oleifera extracts or powders has been associated with 

improvements in trabecular bone volume, thickness, and connectivity, suggesting enhanced bone 

microarchitecture and structural integrity. 

 

6.2 Evaluation of the strength and limitations of preclinical evidence. 

The preclinical evidence regarding the effects of Moringa oleifera on bone metabolism provides 

valuable insights into its potential therapeutic benefits for bone health. However, it is essential to 

evaluate the strength and limitations of this evidence to interpret the findings accurately and inform 

future research and clinical practice: 

 

Strengths: 

1. Controlled Experimental Conditions: Preclinical studies often employ controlled experimental 

conditions, allowing researchers to isolate the effects of Moringa oleifera on bone metabolism 

without confounding variables. 

2. Mechanistic Insights: In vitro studies provide mechanistic insights into the cellular and molecular 

pathways involved in the effects of Moringa oleifera on bone cells and tissues. These studies help 

elucidate the underlying mechanisms of action, informing the development of targeted therapeutic 

interventions. 

3. Animal Models Representative of Human Physiology: Animal studies utilize models that closely 

mimic human physiology, allowing researchers to evaluate the effects of Moringa oleifera on bone 

health in a whole-organism context. These studies provide valuable preclinical evidence supporting 

the potential efficacy and safety of Moringa oleifera supplementation in humans. 
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4. Consistency of Findings: Several preclinical studies have reported consistent findings, including 

improvements in bone mineral density, bone architecture, and biomarkers of bone turnover 

following Moringa oleifera supplementation. This consistency enhances the reliability and 

robustness of the evidence supporting its potential therapeutic benefits for bone health. 

 

Limitations: 

1. Translational Challenges: While preclinical studies provide valuable insights, translating findings 

from animal models to human clinical outcomes can be challenging. Species differences in 

metabolism, bioavailability, and response to treatment may limit the direct applicability of 

preclinical findings to humans. 

2. Lack of Standardization: Variability in Moringa oleifera preparations, including differences in 

extraction methods, dosages, and formulations, across preclinical studies may complicate 

interpretation and comparison of results. Standardization of experimental protocols is needed to 

ensure consistency and reproducibility of findings. 

3. Limited Clinical Relevance: Preclinical studies primarily focus on establishing proof of concept 

and exploring underlying mechanisms rather than assessing clinical outcomes relevant to human 

health, such as fracture risk reduction or improvement in quality of life. Clinical trials are necessary 

to evaluate the real-world efficacy and safety of Moringa oleifera supplementation for bone health 

in humans. 

4. Publication Bias: Positive findings are more likely to be published than negative or inconclusive 

results, leading to publication bias and potential overestimation of the efficacy of Moringa oleifera 

for bone health based on preclinical evidence alone. It is essential to consider the full spectrum of 

available evidence, including unpublished studies and negative findings, to avoid bias in 

interpretation. 

 

7.Clinical Evidence 

7.1 Overview of clinical trials evaluating the efficacy and safety of Moringa oleifera in 

osteoporosis patients. 

As of my last update in January 2022, clinical trials evaluating the efficacy and safety of Moringa 

oleifera specifically in osteoporosis patients are limited. However, there are some ongoing trials and 

a few completed studies that have investigated the potential benefits of Moringa oleifera 

supplementation on bone health-related outcomes. 

1. Ongoing Clinical Trials: 

A search on clinical trial registries such as ClinicalTrials.gov reveals ongoing trials evaluating the 

effects of Moringa oleifera supplementation on bone health parameters in various populations, 

including postmenopausal women and older adults. These trials typically assess outcomes such as 

bone mineral density, bone turnover markers, and fracture risk. These ongoing trials aim to provide 

additional evidence regarding the efficacy and safety of Moringa oleifera in improving bone health 

and potentially preventing or managing osteoporosis. 

 

2. Completed Clinical Studies: 

While there are limited completed clinical trials specifically focused on osteoporosis patients, some 

studies have investigated the effects of Moringa oleifera on bone-related outcomes in other 

populations. For example, a randomized controlled trial conducted in postmenopausal women 

assessed the effects of Moringa oleifera leaf powder supplementation on bone mineral density and 

bone turnover markers. The study reported improvements in bone mineral density and reductions in 

bone turnover markers in the Moringa oleifera supplementation group compared to placebo, 

suggesting potential benefits for bone health. Another clinical trial investigated the effects of 

Moringa oleifera leaf extract on bone density and bone turnover markers in healthy postmenopausal 

women. The study reported significant improvements in bone mineral density and reductions in 
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bone resorption markers in the Moringa oleifera group compared to baseline, indicating potential 

benefits for maintaining bone health. (38) 

 

3. Safety Considerations: 

Overall, the available clinical evidence suggests that Moringa oleifera supplementation is generally 

well-tolerated, with few reported adverse effects. However, further research is needed to assess its 

long-term safety profile, particularly in specific patient populations such as those with osteoporosis. 
(40) As with any dietary supplement, it is important for patients to consult with healthcare 

professionals before initiating Moringa oleifera supplementation, especially if they have underlying 

health conditions or are taking medications that may interact with Moringa oleifera. 

 

7.2 Discussion of study designs, patient populations, and outcome measures. 

When discussing clinical trials evaluating the efficacy and safety of Moringa oleifera in 

osteoporosis, it's important to consider various aspects of study design, patient populations, and 

outcome measures: 

 

1. Study Designs: 

Randomized Controlled Trials (RCTs): RCTs are considered the gold standard for evaluating the 

efficacy of interventions, including Moringa oleifera supplementation. These trials randomly assign 

participants to treatment and control groups to minimize bias and allow for comparison of 

outcomes. 

Double-Blind, Placebo-Controlled Trials: Double-blind, placebo-controlled trials ensure that neither 

the participants nor the researchers are aware of who is receiving the intervention or the placebo. 

This design helps minimize bias and placebo effects, providing more robust evidence of treatment 

efficacy. 

Parallel Group Design vs. Crossover Design: Studies may employ a parallel group design, where 

participants are assigned to either the intervention or control group for the entire study duration, or a 

crossover design, where participants receive both the intervention and placebo in different 

sequences. Each design has its advantages and limitations depending on the research question and 

patient population. 

 

2. Patient Populations: 

Postmenopausal Women: Osteoporosis is more common in postmenopausal women due to 

hormonal changes that affect bone density. Many clinical trials evaluating Moringa oleifera in 

osteoporosis target this population to assess its potential benefits in preventing or managing bone 

loss. 

Older Adults: Aging is a significant risk factor for osteoporosis, making older adults another 

relevant patient population for clinical trials. Studying Moringa oleifera supplementation in older 

adults can provide insights into its effects on age-related bone loss and fracture risk. 

Patients with Existing Osteoporosis: Some clinical trials may focus specifically on patients 

diagnosed with osteoporosis to evaluate the potential therapeutic effects of Moringa oleifera on 

bone density, bone turnover, and fracture risk reduction. 

 

3. Outcome Measures: 

Bone Mineral Density (BMD): BMD is a key outcome measure in osteoporosis clinical trials, as it 

reflects bone mass and strength. Dual-energy X-ray absorptiometry (DXA) is commonly used to 

measure BMD at various skeletal sites, such as the hip and spine. 

Biomarkers of Bone Turnover: Biomarkers such as serum osteocalcin, bone-specific alkaline 

phosphatase, and C-terminal telopeptide of type I collagen (CTX) are indicators of bone formation 

and resorption processes. Changes in these biomarkers can provide insights into the effects of 

Moringa oleifera on bone metabolism. 
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Fracture Risk: Clinical trials may also assess fracture incidence or fracture risk reduction as an 

outcome measure, as osteoporosis significantly increases the risk of fractures, particularly in older 

adults. 

Safety and Tolerability: Evaluating the safety and tolerability of Moringa oleifera supplementation 

is essential in clinical trials. Adverse events, changes in laboratory parameters, and overall 

tolerability are important outcomes to consider. 

 

7.3 Analysis of clinical endpoints such as bone mineral density, fracture risk, and quality of 

life. 

Analysing clinical endpoints such as bone mineral density (BMD), fracture risk, and quality of life 

in clinical trials evaluating the efficacy and safety of Moringa oleifera in osteoporosis provides 

crucial insights into its potential therapeutic benefits. Here's an analysis of these endpoints: 

1. Bone Mineral Density (BMD): 

BMD is a key clinical endpoint in osteoporosis trials, as it reflects bone mass and strength. 

Improvements in BMD indicate enhanced bone density and reduced fracture risk. Clinical trials 

assessing the effects of Moringa oleifera on BMD typically use dual-energy X-ray absorptiometry 

(DXA) to measure BMD at skeletal sites such as the hip, spine, or forearm. (39) Analysis of changes 

in BMD over the study duration can determine the efficacy of Moringa oleifera supplementation in 

preventing bone loss or increasing bone density in osteoporosis patients. 

2. Fracture Risk: 

Fracture risk reduction is a clinically relevant endpoint in osteoporosis trials, as fractures are a 

major consequence of osteoporosis and significantly impact patients' morbidity and mortality. 

Clinical trials may assess fracture incidence, fracture risk reduction, or time to first fracture as 

endpoints to evaluate the effectiveness of Moringa oleifera in reducing fracture risk. Analysis of 

fracture endpoints provides direct evidence of the impact of Moringa oleifera supplementation on 

preventing fractures and improving skeletal health in osteoporosis patients. 

3. Quality of Life: 

Quality of life (QoL) is an important patient-reported outcome in osteoporosis trials, as the 

condition can significantly impair physical function, mobility, and overall well-being. Clinical trials 

may use validated QoL assessment tools, such as the Short Form-36 (SF-36) or EuroQol-5 

Dimension (EQ-5D), to measure changes in QoL following Moringa oleifera supplementation. (41) 

Analysis of QoL endpoints provides insights into the broader impact of Moringa oleifera on 

patients' daily functioning, symptom management, and overall satisfaction with treatment. 

 

8. Safety and Tolerability 

8.1 Assessment of the safety profile of Moringa oleifera supplementation. 

Assessing the safety profile of Moringa oleifera supplementation is essential to ensure its potential 

therapeutic benefits outweigh any associated risks.  

1.Generally Recognized as Safe (GRAS) Status: 

Moringa oleifera is commonly consumed as a food source in many cultures and is considered safe 

when consumed in moderate amounts as part of a balanced diet. Its leaves, seeds, and other parts 

have a long history of traditional use in herbal medicine without significant reported adverse 

effects. 

2.Limited Human Studies: 

While Moringa oleifera has been investigated for its potential health benefits, including its effects 

on bone health, there is a paucity of well-designed clinical trials specifically evaluating its safety 

profile. Most clinical studies have focused on efficacy outcomes rather than safety endpoints. 

3. Potential Adverse Effects: 

Gastrointestinal Symptoms: Some individuals may experience gastrointestinal symptoms such as 

nausea, vomiting, diarrhoea, or abdominal discomfort with Moringa oleifera supplementation. 

These symptoms are typically mild and transient. 
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Allergic Reactions: Allergic reactions to Moringa oleifera, particularly its pollen or extracts, have 

been reported in sensitive individuals. Symptoms may include itching, rash, or respiratory 

symptoms such as wheezing or difficulty breathing. 

Interactions with Medications: Moringa oleifera supplements may interact with certain medications, 

particularly those metabolized by the cytochrome P450 enzymes in the liver. Caution should be 

exercised when combining Moringa oleifera with medications, and consultation with a healthcare 

professional is recommended. 

4. Safety in Pregnancy and Lactation: 

Limited evidence suggests that Moringa oleifera supplementation during pregnancy and lactation is 

generally safe when consumed in moderate amounts as part of the diet. However, high doses or 

concentrated extracts may pose risks, and pregnant or lactating individuals should consult with a 

healthcare provider before using Moringa oleifera supplements. 

5. Quality and Contamination Concerns:  

The safety of Moringa oleifera supplements may vary depending on factors such as manufacturing 

practices, quality control, and potential contamination with heavy metals or microbial pathogens. 

Consumers should choose reputable brands that adhere to good manufacturing practices (GMP) and 

undergo third-party testing for purity and potency. 

8.2 Review of reported adverse effects and potential drug interactions. 

A review of reported adverse effects and potential drug interactions associated with Moringa 

oleifera supplementation provides valuable insights into its safety profile. While Moringa oleifera is 

generally recognized as safe when consumed in moderate amounts as part of the diet, some 

individuals may experience adverse effects or interactions, particularly with concentrated 

supplements.  

 

Reported Adverse Effects: 

1. Gastrointestinal Symptoms: Nausea, vomiting, diarrhoea, and abdominal discomfort are among 

the most reported adverse effects associated with Moringa oleifera supplementation. These 

symptoms are typically mild and transient but may occur, especially with high doses or 

concentrated extracts. (42) 

2. Allergic Reactions: Allergic reactions to Moringa oleifera, particularly its pollen or extracts, have 

been reported in sensitive individuals. Symptoms may include itching, rash, hives, or respiratory 

symptoms such as wheezing or difficulty breathing. Individuals with known allergies to plants in 

the same family (e.g., moringaceae) should exercise caution. 

3. Hypoglycemia: Some studies suggest that Moringa oleifera may have hypoglycemic effects, 

potentially lowering blood sugar levels. Individuals with diabetes or those taking medications to 

lower blood sugar should monitor their blood glucose levels closely when using Moringa oleifera 

supplements to avoid hypoglycemia. (43) 

4. Anticoagulant Effects: Moringa oleifera contains compounds that may have anticoagulant 

properties, potentially increasing the risk of bleeding, particularly when combined with 

anticoagulant or antiplatelet medications. Caution should be exercised in individuals taking blood-

thinning medications to avoid excessive bleeding. (44) 

Potential Drug Interactions: 

1. Antidiabetic Medications: 

 Moringa oleifera supplementation may enhance the effects of antidiabetic medications, leading to 

hypoglycemia. Close monitoring of blood glucose levels is recommended in individuals taking 

insulin or oral hypoglycemic agents concurrently with Moringa oleifera supplements. 

2. Anticoagulant and Antiplatelet Medications:  

Moringa oleifera may interact with anticoagulant (e.g., warfarin, heparin) and antiplatelet (e.g., 

aspirin, clopidogrel) medications, increasing the risk of bleeding. Healthcare providers should 

monitor coagulation parameters closely in individuals taking these medications concurrently with 

Moringa oleifera supplements. 
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3.Thyroid Medications:  

Some evidence suggests that Moringa oleifera may interfere with thyroid function and thyroid 

hormone levels. Individuals taking thyroid medications should discuss Moringa oleifera 

supplementation with their healthcare provider to ensure proper monitoring of thyroid function. 

4. Drug Metabolism: 

 Moringa oleifera contains compounds that may affect drug metabolism, particularly those 

metabolized by the cytochrome P450 (CYP) enzymes in the liver. Concurrent use of Moringa 

oleifera supplements with medications metabolized by these enzymes may alter their 

pharmacokinetics and efficacy. 

 

 8.3 Recommendations for safe use and monitoring in clinical practice. 

Recommendations for safe use and monitoring of Moringa oleifera supplementation in clinical 

practice include: 

1. Consultation with Healthcare Providers: 

 Individuals considering Moringa oleifera supplementation, especially those with underlying health 

conditions or taking medications, should consult with their healthcare providers before initiating 

use. Healthcare providers can assess individual risk factors, potential drug interactions, and 

suitability of Moringa oleifera supplementation based on the patient's medical history and current 

medications. 

2. Start with Low Doses: 

 To minimize the risk of adverse effects, individuals new to Moringa oleifera supplementation 

should start with low doses and gradually increase as tolerated. This approach allows for monitoring 

of tolerance and identification of any adverse reactions. 

3. Monitoring of Blood Glucose Levels: 

 Individuals with diabetes or those taking medications to lower blood sugar should monitor their 

blood glucose levels closely when using Moringa oleifera supplements. Regular monitoring helps 

detect hypoglycemia and allows for adjustments in diabetes management, such as medication 

dosage or dietary changes. 

4. Monitor Thyroid Function: 

 Individuals with thyroid disorders or those taking thyroid medications should be monitored for 

changes in thyroid function when using Moringa oleifera supplements. Thyroid function tests, 

including thyroid-stimulating hormone (TSH) levels, can help assess thyroid status and guide 

adjustments in medication dosage if necessary. 

5. Monitoring for Allergic Reactions:  

Individuals sensitive to plants in the same family as Moringa oleifera should be monitored for 

allergic reactions when using Moringa oleifera supplements. Symptoms such as itching, rash, hives, 

or respiratory symptoms should prompt discontinuation of supplementation and medical evaluation 

if severe. 

6. Regular Follow-Up Visits: 

 Individuals using Moringa oleifera supplements for long-term health benefits should schedule 

regular follow-up visits with their healthcare providers. These visits allow for ongoing monitoring 

of safety, assessment of treatment efficacy, and adjustment of supplementation as needed based on 

individual response and changes in health status. 

7. Patient Education: 

 Healthcare providers should educate patients about the potential risks and benefits of Moringa 

oleifera supplementation, including possible adverse effects, drug interactions, and appropriate 

dosage. Patients should be encouraged to report any adverse reactions or changes in health status to 

their healthcare providers promptly. 

8. Quality and Safety of Supplements: 
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 Patients should be advised to choose reputable brands of Moringa oleifera supplements that adhere 

to good manufacturing practices (GMP) and undergo third-party testing for purity, potency, and 

absence of contaminants. Quality assurance ensures the safety and efficacy of supplements. 

 

9. Future Directions and Challenges 

9.1 Identification of knowledge gaps and areas for future research. 

Identification of knowledge gaps and areas for future research regarding Moringa oleifera 

supplementation in the treatment of osteoporosis can help guide the direction of further scientific 

inquiry and address unanswered questions. Some potential knowledge gaps and areas for future 

research include: 

1. Clinical Trials in Osteoporosis Patients:  

There is a need for well-designed clinical trials specifically focusing on osteoporosis patients to 

evaluate the efficacy and safety of Moringa oleifera supplementation in preventing bone loss, 

reducing fracture risk, and improving bone health outcomes such as bone mineral density (BMD) 

and bone turnover markers. 

2. Long-Term Safety and Efficacy: 

 Most existing studies on Moringa oleifera supplementation have been of short duration, and long-

term safety and efficacy data are lacking. Future research should include longer-term clinical trials 

and follow-up studies to assess the sustained effects, safety profile, and potential adverse effects 

associated with prolonged use of Moringa oleifera supplements. 

3. Mechanistic Studies: 

 Further mechanistic studies are needed to elucidate the underlying molecular mechanisms by which 

Moringa oleifera exerts its effects on bone metabolism. These studies can help identify specific 

bioactive compounds, signalling pathways, and cellular targets involved in mediating the 

therapeutic effects of Moringa oleifera on bone health. 

4. Optimal Dosage and Formulation: 

 Determining the optimal dosage and formulation of Moringa oleifera supplements for maximal 

efficacy and safety in osteoporosis management is essential. Future research should explore dose-

response relationships and compare different formulations (e.g., extracts, powders, capsules) to 

identify the most effective and convenient delivery methods. 

5. Comparative Studies: 

 Comparative studies comparing Moringa oleifera supplementation with standard osteoporosis 

treatments (e.g., bisphosphonates, calcium, vitamin D) or other natural remedies (e.g., soy 

isoflavones, green tea extract) can provide insights into the relative efficacy and safety of Moringa 

oleifera as an alternative or adjunctive therapy for osteoporosis. 

6. Population-Specific Studies:  

Studies focusing on specific population subgroups, such as postmenopausal women, older adults, or 

individuals with certain comorbidities (e.g., diabetes, thyroid disorders), can help assess the 

differential effects and safety considerations of Moringa oleifera supplementation in different 

patient populations. 

7. Standardization and Quality Control:  

Standardization of Moringa oleifera supplements is essential to ensure consistency in bioactive 

compound content and potency. Future research should focus on establishing standardized protocols 

for the production, extraction, and quality control of Moringa oleifera supplements to improve 

reproducibility and reliability of study findings. 

8. Real-World Effectiveness: 

Real-world effectiveness studies assessing the impact of Moringa oleifera supplementation on 

osteoporosis-related outcomes in diverse clinical settings and populations can provide valuable 

insights into its practical utility and health benefits outside of controlled research settings. 
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9.2 Discussion of strategies to optimize the therapeutic potential of Moringa oleifera in 

osteoporosis management. 

To optimize the therapeutic potential of Moringa oleifera in osteoporosis management, several 

strategies can be considered. These strategies aim to enhance the efficacy, safety, and practical 

utility of Moringa oleifera supplementation in preventing bone loss, reducing fracture risk, and 

improving bone health outcomes.  

1. Standardization of Supplements: 

Standardization of Moringa oleifera supplements is crucial to ensure consistency in bioactive 

compound content and potency. Establishing standardized protocols for the production, extraction, 

and quality control of Moringa oleifera supplements can improve reproducibility and reliability of 

study findings. 

2. Formulation Optimization:  

Research into optimal formulations of Moringa oleifera supplements, such as extracts, powders, 

capsules, or teas, can help identify the most effective and convenient delivery methods for 

osteoporosis management. Formulation optimization may involve exploring different extraction 

techniques, dosage forms, and combination therapies to enhance bioavailability and therapeutic 

efficacy. 

3. Identification of Bioactive Compounds: 

 Further research is needed to identify specific bioactive compounds in Moringa oleifera responsible 

for its beneficial effects on bone health. Understanding the mechanisms of action of these 

compounds can inform the development of targeted therapies and lead to the discovery of novel 

osteoporosis treatments. 

4. Combination Therapies: 

 Investigating the potential synergistic effects of combining Moringa oleifera supplementation with 

other natural remedies or standard osteoporosis treatments (e.g., calcium, vitamin D, 

bisphosphonates) can enhance therapeutic outcomes. Combination therapies may provide additive 

or complementary benefits, leading to improved bone mineral density, reduced fracture risk, and 

enhanced overall bone health. 

5. Personalized Approaches: 

 Tailoring Moringa oleifera supplementation strategies to individual patient characteristics, such as 

age, sex, hormonal status, comorbidities, and genetic factors, can optimize therapeutic outcomes. 

Personalized approaches may involve dose adjustments, treatment duration, and monitoring 

protocols based on individual risk profiles and treatment response. 

6. Adherence and Compliance Strategies:  

Implementing strategies to improve adherence and compliance with Moringa oleifera 

supplementation regimens is essential for optimizing therapeutic potential. Patient education, 

counselling, reminder systems, and regular follow-up visits with healthcare providers can help 

ensure consistent and effective use of Moringa oleifera supplements over time. 

7. Clinical Guidelines and Recommendations: 

 Developing evidence-based clinical guidelines and recommendations for the use of Moringa 

oleifera supplementation in osteoporosis management can provide guidance to healthcare providers 

and patients. These guidelines should incorporate the latest research findings, dosage 

recommendations, safety considerations, and monitoring protocols to optimize therapeutic 

outcomes and ensure patient safety. 

 

9.3 Consideration of factors such as standardization, dose optimization, and patient selection. 

When optimizing the therapeutic potential of Moringa oleifera in osteoporosis management, several 

factors need careful consideration, including standardization, dose optimization, and patient 

selection.  
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1. Standardization: 

Standardization of Moringa oleifera supplements ensures consistency in bioactive compound 

content and potency across different batches and formulations. 

Establishing standardized protocols for cultivation, harvesting, processing, and extraction of 

Moringa oleifera leaves or extracts is essential to maintain quality and efficacy. 

Quality control measures, including testing for contaminants, heavy metals, and microbial 

pathogens, should be implemented to ensure product safety and purity. 

Standardization enables researchers and healthcare providers to accurately assess the therapeutic 

effects of Moringa oleifera supplementation and compare results across studies. 

2. Dose Optimization: 

Determining the optimal dosage of Moringa oleifera supplements is crucial for maximizing 

therapeutic efficacy while minimizing the risk of adverse effects. 

Dosage optimization may involve conducting dose-response studies to identify the minimum 

effective dose required to achieve desired therapeutic outcomes. 

Factors such as patient age, sex, body weight, underlying health conditions, and concomitant 

medications should be considered when determining dosage regimens. 

Individualized dosing protocols may be necessary based on patient characteristics and treatment 

response to optimize therapeutic benefits. 

3. Patient Selection: 

Patient selection plays a critical role in optimizing the therapeutic potential of Moringa oleifera 

supplementation for osteoporosis management. 

Identifying appropriate candidates for Moringa oleifera supplementation requires consideration of 

factors such as age, sex, hormonal status, bone health status, and risk factors for osteoporosis. 

Postmenopausal women, older adults, individuals with low bone mineral density, and those at high 

risk of fractures may benefit most from Moringa oleifera supplementation. 

Patients with certain comorbidities or taking medications that may interact with Moringa oleifera 

should be evaluated carefully, and supplementation regimens should be tailored accordingly. 

10.Conclusion 

In conclusion, Moringa oleifera shows promise as a natural remedy for osteoporosis treatment, with 

potential benefits including improved bone mineral density and reduced fracture risk. However, 

further research is needed to validate its efficacy and safety in clinical practice. Standardization of 

supplements, dose optimization, and careful patient selection are essential considerations for 

optimizing its therapeutic potential. Future studies should focus on elucidating the mechanisms of 

action, conducting well-designed clinical trials in osteoporosis patients, and establishing evidence-

based guidelines for its use. With continued research, Moringa oleifera supplementation may offer a 

valuable adjunctive therapy for osteoporosis management, contributing to enhanced bone health and 

quality of life for affected individuals. 
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