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Abstract 

This narrative review aimed to select, gather, and present inclusive evidence about 

osteoporosis etiology, epidemiology, diagnosis, diet, and treatment. We searched PubMed 

and Google using these terms: osteoporosis AND etiology, osteoporosis AND epidemiology, 

osteoporosis AND diagnosis, osteoporosis AND diet, and osteoporosis AND treatment. Each 

title of the extracted manuscripts was read first. If deemed suitable, the abstracts of the 

manuscripts and text were read carefully. Afterward, the details of each term were selected, 

put together, and summarized. The review attempted to find associated literature up to the 

beginning of 2022. Limits were used to restrict the search to English language publications. 

Several 3988 manuscripts relevant to the search objectives were retrieved. The results were 

analyzed and presented with important evidence to shape this narrative review. Osteoporosis 

leads to bone fragility, disability, and risk of fracture. These events cause many problems, 

particularly in the elderly. The publication of narrative review articles can provide helpful 

information such as timely disease diagnosis, prescribing the most appropriate medicines, 

correct nutrition methods, and prevention strategies to clinicians and their patients. It is 

suggested that the results of such studies be included in the agenda of relevant organizations 

such as the WHO. 
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mailto:behzad_foroutan@hotmail.com
mailto:behzad_foroutan@hotmail.com
https://www.lidsen.com/journals/geriatrics/geriatrics-special-issues/Osteoporosis-in-the-Elderly


OBM Geriatrics 2024; 8(2), doi:10.21926/obm.geriatr.2402277 
 

Page 2/41 

Keywords 

Osteoporosis; etiology; epidemiology; diagnosis; diet; treatment 

 

1. Introduction 

Like other parts of the body, bones are living tissues continuously being renewed. Bone is a 

compact mineralized connective and dynamic tissue that adapts to load variations with constant 

change. These adjustments occur through continuous structural remodeling procedures.  

This narrative review aimed to select, compile, and present comprehensive and informative 

evidence on the etiology, epidemiology, diagnosis, diet, and treatment of osteoporosis (OP). 

Information was searched in PubMed and Google to gather the necessary data for this narrative 

review. 

Table 1 lists the OP titles of this narrative review, along with the contents of each title. 

Table 1 lists the OP titles along with the contents of each title. 
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2. Osteoporosis Bones 

2.1 Biology of the Normal Bones 

Bone is considered a living tissue that can grow, feed, change shape, and even die. Osteoclasts, 

osteoblasts, bone lining cells, and osteocytes are 4 types of cells in natural bone tissues. Bones are 

always resorbed by osteoclasts and re-formed by osteoblasts. Osteocytes act as mechanosensors 

and leaders of bone structural remodeling. The function of lining cells seems to play an important 

role in coupling bone resorption to bone creation.  

Bone remodeling is a lifelong process in which old bone is broken down and replaced with new 

bone tissue. They also control the bone remodeling or healing process following injuries such as 

bone fractures or minor injuries that occur during normal daily activities. In humans, the entire 

body’s skeleton is regenerated approximately once every ten years by bone breakdown and 

formation. Aging disturbs these dynamic processes. Bone resorption, in which osteoclasts remove 

old and damaged bone, takes about 4-6 weeks, a relatively rapid process. Meanwhile, new bone 

formation by osteoblasts takes approximately 4-5 months. Osteoclasts and osteoblasts are 

differentiated from hematopoietic stem cells and mesenchymal cells, respectively. An imbalance 

between the regulation of the two processes of bone breakdown and formation leads to many bone 

metabolic diseases such as OP. Bone breakdown by osteoclasts is such that the mineral matrix is 

decomposed by the release of hydrochloric acid and the release of proteases, especially cysteine 

protease cathepsin K and matrix metalloproteinase, causing the breakdown of the organic matrix. 

2.2 The Role of Hormones in Bones  

Hormones help to increase the number of bone-forming cells to fight against osteoclasts; thus, 

more bones are made instead of destroyed. Here, we summarize the role of hormones in bones. 

2.2.1 Parathyroid Hormone 

Parathyroid hormone (PTH) directly affects bones and kidneys. It indirectly affects the intestines 

through the effects of vitamin D. PTH operates within a physiological negative feedback loop 

regulated by the calcium level in the blood. When it decreases, there is less binding to calcium-

sensing receptors (CaSR) in the parathyroid gland. This leads to increased secretion of PTH to 

increase calcium levels. PTH indirectly affects osteoclasts by increasing the activity of the receptor 

activator of nuclear factor kappa ligand (RANKL), which regulates the osteoclastic activity of bone 

resorption and leads to the release of more calcium into the blood. Conversely, high blood calcium 

levels bind to CaSR in the parathyroid gland and inhibit PTH release. Stimulation of CaSRs causes 

conformational change of the receptor and stimulation of the phospholipase C pathway. This 

ultimately leads to an increase in intracellular calcium, thereby inhibiting PTH exocytosis from the 

chief cells of the parathyroid gland. This explains only one piece of the calcium homeostasis puzzle 

because PTH also acts in the kidneys and intestines to regulate calcium and phosphate levels. 

2.2.2 Estrogen 

Estrogen deficiency leads to increased bone remodeling, where bone resorption outpaces bone 

formation and decreases bone mass. According to animal studies, estrogen may affect local factors 
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that regulate osteoblast and osteoclast precursors. Estrogen may block interleukin-6 (IL-6) 

production and action and prevent bone resorption. Moreover, osteoclast survival is believed to be 

augmented in cases of estrogen deficiency, leading to a higher rate of bone turnover. 

2.2.3 Calcitonin  

The C cells in the thyroid gland release calcitonin hormone, which helps increase calcium levels 

in the body. Calcitonin binds to calcitonin receptors on osteoclasts to prevent bone resorption. 

Calcitonin is not thought to have a prominent role in calcium homeostasis in adults, but it may be 

more critical in skeletal development in childhood. It may be used clinically as a therapeutic option 

for treating OP.  

2.2.4 Growth Hormone 

Growth hormone (GH), a peptide hormone secreted by the pituitary gland, acts through insulin-

like growth factors (IGF) to stimulate bone formation and resorption. GH acts directly and indirectly 

through IGF to stimulate the proliferation and activity of osteoblasts. It also stimulates bone 

resorption and osteoclastic activity. The cumulative net effect of this dual activity favors bone 

formation. 

2.2.5 Glucocorticoids 

Glucocorticoids reduce bone formation by portioning the survival of osteoclasts and causing the 

death of osteoblast cells. There is an increase in RANKL function and a decrease in osteoprotegerin. 

Osteoprotegerin is a cytokine receptor that acts as a decoy receptor for RANKL, thus normally 

inhibiting RANKL-RANK interaction and activity. 

2.2.6 Thyroid Hormone 

Thyroid stimulating hormones, thyroxine (T4) and triiodothyronine (T3) stimulate osteoblastic 

activity and origin bone elongation in the epiphyseal plate of long bones through the proliferation 

of cartilage cells. In cases of hypothyroidism or hyperthyroidism, the amount of bone turnover is 

low and high, respectively. The rate of bone turnover is due to the effect of T3 and T4 on the number 

and activity level of osteoblasts and osteoclasts. For example, the increased metabolic state of 

thyrotoxicosis leads to increased osteoblast function and osteoclastic number and activity, leading 

to higher bone turnover. 

2.3 Pathophysiology of Bones  

The understanding of the pathophysiology of bones has increased rapidly. Clinicians have a 

special interest in bone-related diseases, so bone pathophysiology has become an interest for 

clinicians [1].  

Osteoporosis (OP) is a term used for “porous bone,” meaning insufficient or inadequate bone 

mass. The disease is common, with an increasing prevalence and bone fractures worldwide. A 

changed bone microenvironment initiates it, eventually predisposing both genders to low-impact, 

fragility fractures. These types of bone fractures cause a remarkable upsurge in disability, decreasing 
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the quality of life of sufferers and resulting in increased morbidity and mortality, particularly among 

aged populations [2, 3]. More than half of postmenopausal white women develop osteoporotic 

fractures. Only one-third of aged women with a pelvic fracture will be able to return to their 

previous condition. For white men who are diagnosed with OP, the risk of fractures is 20%, but the 

annual mortality rate in men with pelvic fractures is twice as high as in women. Black ethnicity is 

less likely to develop OP than their white counterparts, but cases with OP have similar fracture 

possibilities [4].  

Assuming bone as a static “skeleton in the closet” has shaped the misguided impression that, 

once formed, it will remain unchanged [5]. However, remarkably, bone mass is constantly being 

absorbed, replaced, and changed during its age. When the absorption rate surpasses the 

replacement rate, which usually occurs with age, the bone frame starts its reduction [6]. The 

literature does not show a consensus on the age when peak bone mass (PBM) is achieved in men 

and women [7]. Depending on the skeletal site, PBM arises by the end of the second or early in the 

third decade of human life [8]. Persons with less bone mass before this period have a higher risk of 

developing OP [2]. Gender, race, family history (genetic/ancestor), physical activity, diet, nutrition 

and supplemental plan in particular with low vitamin D and calcium consumption, weight, tobacco 

and alcohol addiction, socioeconomic status, age at menarche, and other secondary causes like 

suffering from various diseases and of course using several medicines are important factors and 

therefore are in charge of the majority of PBM gain during childhood and adolescence [9]. Figure 1 

shows the relationship between bone mass and age in males and females. Bone density reaches its 

peak around 30 years of age in both genders. Males gradually lose bone mass at a slower rate than 

females. Taken from [10]. 

 

Figure 1 Graph shows PBM and decreasing bone mass in males and females regarding 

age [10]. 
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3. Osteoporosis Etiology  

OP can be classified into primary and secondary categories based on its causes. The most 

prevalent type of OP is primary, with two subtypes - juvenile and idiopathic. Idiopathic OP is further 

divided into postmenopausal (type I) and age-associated or senile osteoporosis (type II). Type I is 

primarily due to estrogen deficiency, but type II is primarily due to an aging skeleton and calcium 

deficiency. The specific cause of primary OP is unknown; however, there are many contributing 

factors to the disease, including persistent calcium imbalance, gonadal as well as adrenal 

dysfunction, estrogen deficiency, or life with little activity. Postmenopausal OP is characterized by 

increased bone loss due to reduced estrogen production [11-13]. Women usually lose bone 10-11% 

each year after peak bone mass and up to eight years after menopause [14]. At 70 years of age, the 

bone mass has decreased by 30-40% [15]. Elderly OP is an age-related form that often occurs with 

age [16]. Long-term medication use or other complications that affect calcium uptake or bone 

generation can cause it [17].  

Medications such as anticonvulsants [18], antiretroviral [19], aromatase inhibitors [20], 

chemotherapeutic/transplant drugs such as cyclosporine, and tacrolimus [21], cyclophosphamide 

[22], ifosfamide [23, 24], high-dose methotrexate [25, 26], furosemide [27-29], glucocorticoids [30-

32], prednisone (≥5 mg/day for ≥3 months) [33], heparin [34], gonadotropin-releasing hormone 

agonists [35], luteinizing hormone-releasing hormone analogs [36], depot medroxyprogesterone 

[37], excessive thyroxine [38], opioids [39], proton pump inhibitors [40], selective serotonin 

reuptake inhibitors [24, 41], sodium-glucose cotransporter 2 - inhibitors [42], thiazolidinediones 

[43], and warfarin [44] have been reported that are able to initiate the secondary OP. No significant 

association between osteoporosis and all antipsychotics was reported, except for perphenazine 

[45]. 

History of common chronic diseases such as Opioid Addiction (OA), Cushing, Diabetes Mellitus 

(DM), Hypothyroidism, Rheumatoid Arthritis (RA), and Systemic Lupus Erythematosus (SLE) are 

other causes of secondary OP. For more details, see Table 2. 

Table 2 lists the common diseases that can cause osteoporosis. 

Category Disease  

Genetic diseases 

Cystic fibrosis [46], Ehlers-Danlos [47], Gaucher’s disease [48], 

Glycogen storage diseases [49, 50], Hemochromatosis [51], 

Homocystinuria [52], Hypophosphatasia [53], Marfan syndrome 

[54], Menkes steely hair syndrome [55], Osteogenesis imperfecta 

[56], Parental history of hip fracture [57], Porphyria [58] 

Hypogonadal states 

Androgen insensitivity syndrome [59], Anorexia nervosa [60], 

Athletic amenorrhea [61], Hyperprolactinemia [62], 

Panhypopituitarism [63], Premature menopause (<40 years) [64, 

65], Turner’s [66-69]and Klinefelter’s [70-72] syndromes  

Endocrine disorders 

Central obesity [73], Cushing’s syndrome [74], Diabetes mellitus 

(types 1 and 2) [75], Hyperparathyroidism [76], Thyrotoxicosis 

[77, 78] 
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Gastrointestinal disorders 

Celiac disease [79, 80], Gastric bypass [81, 82], Gastrointestinal 

surgery [83, 84], Inflammatory bowel disease [85], Malabsorption 

[86], Pancreatic disease [87], Primary biliary cirrhosis [88] 

Hematologic disorders 

Hemophilia [89], Leukemia [90] and lymphomas [91-93], 

Monoclonal gammopathies [94], Multiple myeloma [95], Sickle 

cell disease [96], Systemic mastocytosis [97], Thalassemia [98] 

Rheumatologic and 

autoimmune diseases 
Ankylosing spondylitis [99], RA [100], SLE [101] 

Neurological and 

musculoskeletal risk factors 

Epilepsy [102, 103], Multiple sclerosis [104], Muscular dystrophy 

[105], Parkinson’s disease [106], Spinal cord injury [107, 108], 

Stroke [109]  

Miscellaneous conditions 

and diseases  

Addiction to narcotics [110], AIDS/HIV [111, 112], Amyloidosis 

[113], Chronic metabolic acidosis, COPD [114], CHF [115], End-

stage renal disease [116], Hypercalciuria [117], Idiopathic scoliosis 

[118], post-transplant bone disease [119], Socioeconomic status 

[120], Sarcoidosis [121], Weight loss [122] 

Long-term calcium intake is essential in building bone reserves before the PBM level and 

maintaining bone mass later at age twenty. The risk of secondary OP can be initiated by calcium 

deficiency [123] or lack of absorption [124]. Also, excessive drinking of alcohol reduces the body’s 

ability to absorb calcium. Vitamin D, protein, and calcium insufficiencies are responsible for the 

majority of all types of OP [17]. Sedentary or underweight, more than 10% of youth weight, 

menopause, pregnancy, breastfeeding, hereditary factors, smoking, and drinking alcohol are 

important modifiable causes of secondary OP. Osteogenesis occurs in reaction to pressure applied 

to it. Individuals who engage in regular physical activity tend to have stronger bones than those who 

are less active. 

Hormone levels can interfere with the body’s ability to produce and stabilize adequate bone 

mass. OP regularly accompanies dysfunction of the gonads, thyroid, parathyroid, or adrenal glands.  

In brief, the most important factors that increase the risk of the disease are age ≥50 years, being 

white and Asian, female gender, menopause (especially premature or surgical), family history of the 

disease or bone fracture, the ancestors of Northern Europe, long periods of inactivity or immobility 

life, caffeine consumption, tobacco intakes, drinking alcohol, slim body structure, and amenorrhea. 

Other risk factors are poor diet, low testosterone levels in men, anorexia nervosa, and ongoing use 

of medications such as anticonvulsants, long-acting benzodiazepines, or corticosteroids.  

Observational research proposes a link between depression and OP. However, these should be 

subject to confounding and reverse causalities [125]. A study that evaluated 10 cohort investigations 

that investigated the association between depression and fracture revealed that in studies that 

reported fracture outcomes as hazard ratios (six studies [n = 108,157]), depression was statistically 

linked with a 17% upsurge in fracture risk (HR = 1.17; 95% confidence interval], 1.00-1.36; P = 0.05); 

in studies that reported risk ratios as fracture outcomes (four studies [n = 33,428]), it was statistically 

linked with a 52% upsurge in risk (risk ratio, 1.52; 95% confidence interval, 1.26-1.85; P < 0.001) 

[126].  

Antidepressant usages rendered the association between depression and fracture risk non-

significant (three studies with no adjustment, n = 14,777; HR 1.30, 95% confidence interval 1.11 to 
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1.52, p = 0.001 versus three studies with adjustment, n = 93,380; HR 1.05, 95% confidence interval 

0.86 to 1.29, p = 0.6). The authors of the published paper suggest that a significant portion of the 

apparent association between the disease and bone health might be mediated by the medications 

used to manage the disease. Considerable heterogeneity existed in the patients who participated 

in terms of age, gender, ethnicity/race, duration or severity of the disease, and other important 

factors such as effect size and even co-variables. So, there was insufficient evidence to determine 

whether depression was associated with increased fracture risk independent of the medication’s 

treatments and other confusing factors acting against their expectations.  

4. Osteoporosis Epidemiology 

Hundreds of millions of persons are affected globally, and OP prevalence is increasing [127-129]. 

The global prevalence of OP is problematic to ascertain because of contradictory definitions and 

diagnostic criteria. Generally, one-eighth of men and one-quarter of women aged ≥50 years are 

facing OP [130]. Statistics show that nearly fifty-three million individuals suffer from the risk of bone 

loss in the USA [131]. It is estimated that more than 40 million Americans over 50 years of age are 

at risk of OP fractures, and that is due to demographic changes. This number will at least double 

until the year 2040. It is also predicted that 25% of men and women over 50 who have experienced 

osteoporotic hip fractures will die within a year [132].  

About 6% of men and 21% of women aged 50-84 years suffer from OP in the European Union, 

affecting nearly 28 million men and women [129]. Women are at greater risk than men [133]. In 

persons who are 50 years of age and older, about a quarter of men and half of women will have a 

fracture as a result of OP. Across the world, more than 200 million women have been affected, and 

the incidence rises with age. More than 70% of men and women over eighty are affected. In 

developed countries, 2-8% of men and 9-38% of women are affected [134]. Worldwide, nearly nine 

million fractures happen each year, and one in three women and one in five men over the age of 

fifty will develop an OP fracture [3]. Some parts of the world that receive little vitamin D from 

sunlight have higher fractures than areas closer to the equator and people living in lower latitudes 

[135, 136]. Every two hundred seconds, a femoral or vertebral fracture happens with a mortality 

rate between 15% and 25% around the world [137, 138].  

An Iranian report estimated that the prevalence of OP in lumbar vertebrae was 13.4% in men 

and 44.4% in women aged ≥50 years [139]. Consistent with a study based on the speed of sound 

criterion in 2003, the prevalence of OP in Chinese women was reported to be 10.08% [140], and its 

prevalence in Vietnamese women, based on the BMD criteria, was reported to be 15.4% [16].  

A recent investigation in Chinese patients documented that the hip fracture rate increased from 

the early 1990s to 2006 among patients aged ≥65 years [141].  

In Japan, nearly 28% of the population is older than 65 years, and the predictable prevalence is 

15 million individuals, resulting in roughly 200,000 hip fractures annually [142, 143].  

In India, the estimated number increased from 26 million in 2003 to 36 million in 2013 [144]. By 

2050, half of the global hip fractures will befall Asian residents aged ≥50 years [144]. 
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5. Osteoporosis Diagnosis 

5.1 Characteristics 

Physical examination seldom shows changes until OP is in the progressive stage [145]. At this 

stage, the height loss and kyphosis from vertebral fractures are evident [146]. In persons without 

risk factors, specialists recommend that they begin screening women at age 65 and men at age 70 

[147]. Patients with T scores on the OP risk assessment test and high-risk factors should be screened 

very soon. 

5.2 Clinical Signs and Symptoms 

Unlike many other chronic diseases that have many clinical and experimental signs and 

symptoms, OP is a silent, asymptomatic illness until a fracture happens [148]. Pelvic fractures are 

common in both genders [149, 150]. Back pain, including acute burst pain, severe back pain, 

pressure fractures in the spine, bone fracture, height reduction, kyphosis, dowager bulge, decreased 

activity tolerance, and premature satiety are common [151]. 

The diagnosis of OP typically involves several steps. Clinicians will thoroughly evaluate the risk 

for OP as well as fracture risk. Steps for diagnosing comprise the following. Taking a medical history 

is the first step. Questions related to its risk factors, such as a family history of OP, and lifestyle 

factors, such as diet plan, physical activity, drinking habits, and smoking, which may influence the 

risk, should be proposed. The clinicians will also review medical conditions that patients have had 

and medications they may have taken. Symptoms of OP that clinicians will likely ask patients about 

include any bone fractures that happened, a history of back pain, a loss of height over time, or a 

stooped posture. Running a physical exam is step two. The clinicians will measure a person’s height 

and compare this to previous amounts. Height loss may be a sign that points to OP. The clinicians 

may ask if patients have difficulty rising from sitting without using their arms to push themselves 

up. They may also order blood tests to assess vitamin D levels and determine the bones’ overall 

metabolic activity. Metabolic activity might be increased in the presence of OP. Undergoing a bone 

density assessment is the next step. The WHO has advised the dual-energy X-ray absorptiometry 

detection scan for the fundamental skeleton as the finest assessment for evaluating bone mineral 

density (BMD) [152]. The reported results of this assessment are based on calculating T-scores. The 

T-score on the bone density report shows how much the bone mass differs from that of an average 

healthy 30-year-old. The results for the whole population will be distributed around an average 

score (the mean). How high or low is the bone density of T-scores compared to healthy 30-year-

olds? A T-score indicates the difference between BMD and the mean BMD in young adults. It is 

measured in standard deviation. The WHO defines normal BMD for women as a T-score in a 

standard deviation from the average young adult. Scores between -1 and -2.5 points to osteopenia 

(reduced bone density) and a score below -2.5 points to OP [152].  

The Fracture Risk Assessment Tool (FRAX®) would become a more accurate way to measure the 

likelihood of a fracture in the next 10 years [153]. The FRAX® questionnaire considers elements that 

affect a person’s bone quality as well as his/her bone density.  

A Z-score compares bone density to the average bone density of people of gender and age. For 

example, for a female who is 60 years old, a Z-score compares the bone density to the average bone 

density of 60-year-old females. Any postmenopausal woman should continuously request her T-
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score rather than her Z-score only. A Z-score assists in diagnosing secondary OP and is always used 

for children, young adults, pre-menopausal women, and men <50 years [154].  

They were requesting blood and urine tests as the last step. In some circumstances, medical 

conditions may cause bone loss, such as thyroid and parathyroid malfunctioning. The physician may 

perform blood and urine tests to rule this out, so they may cover calcium levels, thyroid functions, 

and testosterone levels in men. 

Persons should be diagnosed with OP by giving a laboratory evaluation of thyroid and renal 

functions, i.e., 25-hydroxy vitamin D and calcium [155]. 

5.3 Common Complications 

In addition to patients being more prone to fractures, the disease may end in other difficulties 

like limited mobility. These difficulties can cause restriction and, therefore, lead to limited physical 

activities, which may help to gain weight and increase stress on the bones, typically knees and hips. 

Gaining weight can also increase the risk of getting cardiovascular complications and DM. In 

addition, less physical activity may lead to a loss of independence and isolation. Activities that were 

joyful before may be painful now. This loss, added to the conceivable fear of fractures, could bring 

on depression. A poor emotional state can further hinder patients’ ability to manage health issues. 

Fractures as a result of OP can be severely painful and debilitating. Fractures of the spine can result 

in a loss of height, a stooping posture, and persistent back and neck pain. Some people with OP can 

break a bone and not see it. However, most broken bones need hospital care. Surgery is often 

needed for broken bones, which may require an extended hospital stay and additional medical 

costs. Once in the hospital, these patients are also at a high risk of developing thrombosis (27%), 

urinary tract infections (12-61%), and pneumonia (7%) [156]. A hip fracture will need long-term care 

in a nursing home. Suppose a patient is bedridden while getting long-term care. In that case, there 

is a higher likelihood that they may experience cardiovascular problems, more exposure to 

infectious diseases, and an increased susceptibility to various other difficulties such as constipation. 

6. Osteoporosis Diet 

Aging may alter several aspects of oral physiology, habits, and behavior. Teeth play an important 

role in changing eating habits in patients with OP. A well-adjusted diet that includes a variety of 

foods is vital for maintaining a healthy status. A suitable diet ensures that bones get enough 

vitamins, minerals, and energy to stay healthy, which helps them avoid facing the disease. 

6.1 Calcium and Vitamin D 

Assessing diet can help if a person has OP or is at risk of getting it. In particular, the person needs 

to ensure he is getting adequate calcium and vitamin D. Calcium is a substantial element for building 

many parts of the human body, especially bones. The human body in a normal adult has about 1.2-

1.4 Kg of calcium, and 99% of this is found in bones and teeth. The remainder exists in blood, 

extracellular fluid, muscles, and other tissues [157]. In bone, calcium exists mainly in Ca5(PO4)3(OH) 

often written Ca10(PO4)6(OH)2, called hydroxyapatite. Bone minerals make up almost 40% of its 

weight. The recommended daily allowance values are summarized in Table 3. 
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Table 3 Recommended value for calcium and vitamin D based on age [158]. 

Age (Year) 
Recommended value 

(Calcium mg/daily)  

Recommended value (Vitamin D 

IU) 

1-3 700 

Up to age 12 months = 400 IU 

(100 mcg)  

1-70 years = 600 IU (150 mcg) 

>70 years = 800 IU (200 mcg) 

4-8 1000 

9-13 1300 

14-18 1300 

19-30 1000 

31-50 1000 

51-70 (Female) 1200 

51-70 (Male) 1000 

>71 1200 

14-18 Pregnant/Lactating Women 1300 

19-50 Pregnant/Lactating Women 1000 

Most people can get the recommended amount through their diet. However, some calcium 

supplements might be used. Patients may need 1000-1200 mg daily based on their gender. Ensuring 

adequate calcium in the diet is an important factor in bone health. Although a person can consume 

much calcium, consuming more than 2,500 mg of calcium during the day regularly may cause 

medical problems [159]. It can also affect the absorption of magnesium [160] and iron [161].  

The following foods are rich in calcium and are regularly part of the OP diet. Dairy products (milk, 

yogurt, cheese, top milk, and cream), green leafy vegetables (cabbage, broccoli, okra, fennel, and 

spinach), enriched orange juice, sesame seed, dried figs, and apricots [162], Tofu, fortified calcium, 

soy drink with added calcium, soybeans, nuts, bakery products made from fortified flour, calcium-

fortified breakfast cereals, and fish that have small edible bones such as sardines and European 

sardines. 

Also, vitamin D is important because it helps the body absorb calcium [163]. Vitamin D states for 

ergocalciferol (vitamin D2) or cholecalciferol (vitamin D3). Ergocalciferol is produced from irradiated 

fungi or yeast. Vitamin D3 is formed in the skin or found naturally in fatty fish such as salmon or 

mackerel. Vitamin D2 and D3 could be used to fortify food; however, only vitamin D3 could be made 

endogenously in the skin. Exposure of human skin to UVB radiation in the wavelength range of 290 

to 315 nm converts 7-dehydrocholesterol to Previtamin D3, which subsequently isomerizes to form 

vitamin D3. The total amount of vitamin D3 made in the human skin can be affected by an individual’s 

skin color, age, and use of sunscreen products, along with the time of day, season, and latitude 

[163]. Short-term exposure to sunlight without sunscreen (approximately 10 minutes, BID) when 

the sun is shining meets the day’s needs. Vitamin D is found in eggs, enriched fat and breakfast 

cereals, milk powder, and oily fish such as sardines and salmon. The person needs to be able to get 

all the vitamin D through diet and lifestyle alone. An OP diet plan will seek to provide adequate 

amounts of vitamin D. 

6.2 Trace Minerals 

Calcium and vitamin D are essential for bones but are not the only important nutrients for bone 

health [164]. Trace minerals such as zinc, boron, copper, Strontium (Sr), and manganese are also 
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essential because they are like rings that hold a chain together [164]. Also, vitamin K is needed to 

get bone minerals [164]. It is made from green leafy vegetables, for example, broccoli, Brussels 

sprouts, cabbage, collards, spinach, salad greens, margarine, and plant oils [164]. Functional foods 

high in antioxidants and calcium should always be scheduled in diet plans for the elderly to reduce 

the risk and control the disease. The main antioxidant substances are vitamins C and E, polyphenols, 

and lycopene. Intake and absorption of calcium are also important, and it has been reported that 

chicken eggshell powder has a rich content of calcium and can be consumed daily through its 

application in food products such as bread, biscuits, white bread, breaded fried meat, chocolate 

cakes, chokeberry and cranberry juice, pizza and spaghetti, and muffin. Besides, the quantity of 

antioxidants applied to food products is a significant concern. So, it would not interrupt the calcium 

absorption or could be a pro-oxidant, negatively affecting bone health. Adding vitamin D, prebiotics, 

probiotics, and synbiotics may help increase calcium absorption. The foods mentioned below are 

excellent sources of vitamin K. Including them in our daily diet can help promote optimal health. 

The list includes kale (cooked), mustard greens (cooked), Swiss chard, collard greens (cooked), 

natto, raw spinach, cooked broccoli, cooked Brussels sprouts, beef liver, chicken liver, goose liver, 

cooked green beans, prunes, kiwi, soybean oil, soft and hard cheeses, cooked green peas, and 

avocado. 

Functional foods in the elderly diet may improve their quality of life and reduce the risk of getting 

or delaying the onset of the disease. Usually, a dietary suggestion for the elderly is not much 

different from that for younger adults, but the aging-related physiological changes raise additional 

difficulties. These changes may affect the ability to eat and digest the food. Reduction possibly 

happens in saliva secretion, stomach and pancreatic juices, insulin, and bile. These difficulties may 

lead to insufficient absorption of nutrients. Merely adding the serving sizes or meal frequency more 

usually does not work effectively in the elderly due to these physiological problems with eating and 

with a reduced desire to eat. Therefore, several studies suggested many types of functional foods 

that can help the elderly improve their nutritional status and prevent deficiencies.  

Protein consumption is also needed for bone health. Approximately half of bone volume and 

one-third of bone mass are proteins. A dietary protein consumption of 1.0-1.2 g/kg body weight 

daily, with at least 20-25 g of high-quality protein at each main meal, has been recommended by 

The European Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis [165]. 

The main sources are eggs, fish, meat, poultry, and dairy products. In addition, proteins are 

beneficial in reducing age-related bone loss and hip fracture risk in geriatrics [166]. Dairy product 

intake is presumably very supportive because they are a source of calcium and proteins since one 

liter of milk has 1200 mg of calcium and 32 g of proteins. In some parts of the world, yogurts are 

supplemented with milk powder, resulting in a 50% increased content of these nutrients compared 

with yogurt made from milk alone. The combination of protein and calcium in dairy products 

positively affects calciotropic hormones. A reduction in circulating PTH, an increase in IGF-I, and, 

consequently, a decrease in bone resorption markers and an improving BMD may happen [15]. 

Regarding the nutrients required for strong bones, fruits and vegetables contain carotenoids, folate, 

magnesium, potassium, vitamin C, and vitamin K.  

Table 4 shows the effects of different diets on BMD and fracture risk.  
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Table 4 Dietary patterns and bone status. 

Dietary 

Pattern 

Study name [Ref. 

No.] 

No. Participants 

(Gender), Mean 

age/Age range 

Effect on BMD 
Effect on 

Fracture Risk 

Asian  

Singapore Chinese 

Health Study [167]; 

vegetables, fruit, 

soy 

63,257 (27,913 

males & 35,241 

females)  

45-74 years 

 

34% reduced 

risk of hip 

fracture 

OP Korean Health 

and Nutrition 

Examination Survey 

2008-10 [168] 

3735 

(Postmenopausal 

Women) 

64 ± 9 years 

Dairy and fruit patterns 

reduced the risk of OP 

of the lumbar spine 

(53%); white rice, 

kimchi, and seaweed 

dietary patterns were 

negatively related to 

bone health 

 

Mediterranean 

EPIC Study [169] 

188,795 (139,981 

Women and 48,814 

Men) 

48.6 years (±10.8) 

 
7% decrease in 

hip fracture 

incidence 

CHANCES Project 

[170] 

140,775 (116,176 

Women, 24,599 

Men) 

60 years and older 

 
The risk of hip 

fracture 

reduced to 4% 

Malmir meta-

analysis [171] 

358,746 

13-80 years 

Positive relation with 

lumbar spine, femoral 

neck, and total hip BMD 

The risk of hip 

fracture 

reduced to 21% 

Vegetarian 

Bayesian meta-

analysis [172] 

2749 (1880 Women 

and 869 Men)  

20-79 years 

4% lower BMD (95% CI: 

2%, 7%) at femoral neck 

& lumbar spine 

 

EPIC-Oxford 

investigation [173] 

34,696 (7947 Men & 

26,749 Women)  

20-89 years 

 

Fracture 

incidence rate 

ratios: 1.00 

(0.89-1.13) for 

vegetarians and 

1.30 (1.02-1.66) 

for vegans 

Western 

Co-twin controlled 

trial, 

UK [174] 

4928 

(Postmenopausal 

Women) 

56 ± 12 years 

In reverse related to 

BMD in the femoral 

neck 
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Framingham 

Offspring 

Investigation, USA 

[175] 

2740 (1206 Men & 

1534 Women)  

29-86 years 

Higher consumptions of 

processed food and red 

meat were inversely 

associated with femoral 

neck BMD 

 

6.3 Vitamin C and Vitamin K 

Vitamin C, with antioxidant properties, suppresses osteoclast activity [176], performs as a 

cofactor for osteoblast differentiation, and participates in collagen construction. It is a marker of a 

well dietary design rich in fruits and vegetables. According to a systematic review and meta-analysis 

outcomes that compiled observational studies, a greater dietary vitamin C intake showed a direct 

relation with BMD at the femoral neck and lumbar spine. However, the authors concluded that 

remarkable between-study heterogeneity existed at the femoral neck. Differences in study design, 

gender, and age caused this heterogeneity. A higher dietary vitamin C consumption was interrelated 

with a lower risk of hip fracture and OP, as well as higher BMD, at both the femoral neck and lumbar 

spine sites [177]; a more recent meta-analysis supports the hypothesis that increasing dietary 

vitamin C intake could reduce the risk of hip fractures in both genders [178]. Although these benefits 

are significant, there is little information in clinical practice guidelines regarding vitamin C 

consumption recommendations, so the amount of vitamin C should be appropriately included in 

clinical guidelines.  

Vitamin K2 is a fat-soluble vitamin, generally produced in the intestine by bacteria and is less 

commonly found in food. Vitamin K is important in maintaining bone strength and preventing bone 

breakdown. Vitamin K2 deficiency is associated with an increased risk of bone fractures and 

decreased bone density. New studies have shown that calcium supplements alone without vitamin 

K2 cause calcium deposition in soft tissues and veins. Vitamin K2 activates the bone-forming protein 

(osteocalcin) and causes the absorption and placement of calcium in bone tissues. In addition, with 

the activation of osteocalcin by vitamin K2, bone destruction is prevented by bone-resorbing cells 

(osteoclasts). In the case of a lack of vitamin K2, this protein is not activated, and the bones do not 

absorb calcium, so it remains in the blood. In addition, vitamin K2 can activate proteins that remove 

calcium from soft tissues such as arteries, and as a result, it can reduce the risk of cardiovascular 

diseases and stroke. 

6.4 Omega-3 Polyunsaturated Fatty Acids 

The effects of omega-3 polyunsaturated fatty acids (PUFAs) on bone metabolism have been 

reported with inconsistent evidence. The consumption of eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA) may affect bone growth and remodeling in humans through the 

inhibition of bone resorption and also by stimulating bone creation [179]. The mechanism by which 

PUFAs may affect bone turnover is not known precisely. However, it is assumed that both may exert 

their aids by regulating osteoprotegerin receptor activator of nuclear factor kB (RANK), with a sense 

of balance towards bone creation [180]. Fish and seafood are rich in PUFAs. They are identified to 

have anti-inflammatory effects that progress bone quality [181]. A meta-analysis revealed that 

omega-3 fatty acids reduced osteocalcin serum levels in postmenopausal women, but no significant 

reduction in bone-specific alkaline phosphatase was reported [182]. A study performed with a dairy 
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product enriched in PUFAs, calcium, oleic acid, and vitamins to assess their effects on bone 

metabolism in postmenopausal women displayed promising changes in bone metabolism markers, 

for instance an increase in vitamin D levels and a decrease in both PTH and Receptor Activator for 

Nuclear Factor κB Ligand (RANKL), but did not show the other changes in serum osteoprotegerin or 

bone turnover markers [183]. The other investigation concluded that the dietary consumption of 

PUFAs was positively related to BMD in osteopenic and healthy Spanish ladies at both the hips and 

lumbar spine [184]. A recent systematic review revealed a considerable protective effect between 

the dietary intake of omega-3 PUFAs through fish eating and the risk of hip fracture [185]. 

6.5 Folate and Vitamin B12 

Folate and vitamin B12 might also influence bone status by reducing homocysteine 

concentrations; homocysteine is linked to lower BMD and a higher fracture risk [186]. A meta-

analysis of 4 prospective investigations concluded a 4% lower fracture risk for each 50 pmol/L 

increase in vitamin B12 concentration [187]. 

Zinc is in beans, nuts, and whole grains, but the phytate in these nourishments makes it less 

bioavailable than zinc from animal-based sources. Lower serum and bone zinc concentrations have 

been considered in OP patients [188]. 

6.6 Fruits 

Moreover, to trace minerals, fruits contain magnesium, vitamin K, and calcium which are 

important for good bone health.  

6.6.1 Prunus domestica L  

Dried plum (Prunus domestica L.) effectively prevents and reverses bone mass and structural loss 

in osteopenic postmenopausal women. A three-month RCT investigated dried plums versus dried 

apples (control) and measured biomarkers of bone formation. Research has demonstrated that 100 

g/day dried plums significantly increased the serum markers of bone formation in postmenopausal 

women [189]. Another one-year RCT compared the effects of daily consumption of 100 g dried plum 

versus 75 g dried apple on BMD and biomarkers of bone turnover in 160 osteopenic 

postmenopausal women. The study concluded that dried plums enhanced ulnar and lumbar BMD 

compared to the control group [190]. Similarly, an inconsistent outcome was found in a non-

randomized six-month intervention trial assessing the effects of resistance training with and without 

dried plum at a dose of 90 g in 23 postmenopausal breast cancer survivors. Both groups showed 

improved upper and lower body strength, with no observed changes in body composition or BMD 

[191]. However, results from a six-month clinical trial assessing the efficacy of 50 g vs. 100 g of dried 

plum in 48 older postmenopausal females stated that dried plums prevented the loss of total body 

BMD and reduced the serum concentration of tartrate-resistant acid phosphatase. Also, the 

investigators concluded that both doses were equally efficacious [192]. The beneficial effect was 

also observed in a trial involving 35 men aged between 55 and 80 with moderate bone loss. After 

three months, decreased serum concentration of osteocalcin and an elevation of 

Osteoprotegerin/Receptor Activator for Nuclear Factor κB Ligand were observed. So, it seems that 

regular consumption of 50-100 g dried plum for three months should make some contributions to 
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bone formation and turnover activity and a minimal contribution to decreasing inflammation and 

improving bone density and quality [193]. 

6.7 Vegetables 

Vegetables are edible herbaceous plants, often consumed as part of a meal. The original meaning 

is still generally used and is applied to plants collectively to refer to all edible plant matter, including 

the fruits, leaves, roots, seeds, and stems.   

6.8 Forbidden Foods 

It seems high sodium chloride consumption may be a facilitator parameter that makes calciuria 

which weakens bones over the time, causing cardiovascular diseases, and even generating DM. 

However, the effects of salt on calcium metabolism and the possible impact on bone health in 

postmenopausal women have not been fully characterized. Authorities recommend that people 

intake only 6 grams of salt per day. Consuming herbs and spices instead of salt to flavor foods might 

be caring. However, avoid high-salt, processed foods, ready meals, and soups/canned sauces.  

Carbonated drinks containing phosphoric acid may increase calcium excretion during urination, 

which can be a problem if the daily calcium intake is low. Try to limit the consumption of carbonated 

beverages and use water and fruit juices instead.  

Although caffeine is not as harmful as salt, it has a detrimental effect on bone density. Caffeine 

intake should be limited to 300 mg daily to ensure the body gets enough calcium from the diet. 

Patients should try to drink green tea instead of coffee and drink plenty of water and milk.  

While beans have some healthy attributes for women with OP, they are also high in phytates. 

They affect the body’s ability to absorb calcium. Not only does wheat bran contain high levels of 

phytate, which can block calcium absorption, but 100 percent wheat bran is the only nourishment 

that appears to reduce calcium absorption in other nourishments eaten all at once. Therefore, if 

calcium supplements have been taken, do not take them within 2 to 3 hours of eating 100 percent 

wheat bran.  

Vitamin A is important for bone health, but too much of it is associated with adverse effects on 

the bones. This is not likely to happen through diet alone. However, persons who take both a fish 

liver oil supplement and multivitamins with considerable amounts of vitamin A may face more risk 

for adverse health effects from excess vitamin A consumption. 

Liver has vitamin A, which is very important for skin, teeth and eyes. However, consuming too 

much of it is unsafe for bone health. The UK’s National Health Service advises people who eat liver 

regularly not to eat liver more than once a week. In addition, it is better to avoid cod liver oil and 

food containing retinol because it may increase the amount of vitamin A in the body. 

7. Osteoporosis Treatment 

Osteoporosis is a public health concern worldwide, causing significant disability. Despite its 

notable occurrence, exploring an effective treatment strategy is still challenging. Osteoporosis 

medications are capable of increasing bone density. Although the increase may seem slight, it 

positively reduces the rate of fractures [194]. In bone-targeted pharmacological therapy, anti-

resorption agents, such as 1) bisphosphonates, 2) selective estrogen receptor modulators (SERMs), 
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receptor activators of nuclear factor-kB (RANK) ligand (RANKL) inhibitors, 4) anabolic medications, 

such as type 1 parathyroid hormone receptor (PTH1R) ligands, and 5) sclerostin inhibitors, have 

emerged with demonstrated efficacy in treating diseases characterized by abnormal bone 

remodeling. 

7.1 Medications  

In this review, the medications are classified according to their active ingredient. 

7.1.1 Bisphosphonates 

Bisphosphonates, available in tablets, should be taken daily, weekly, or monthly. They include 

alendronate and risedronate. In this category, one annual intravenous injection is zoledronic acid. 

7.1.2 Selective Estrogen Receptor Modulators 

Selective estrogen receptor modulators (SERMs) such as raloxifene, which is administrated daily, 

similarly act on the bones to estrogen, reducing the rate of bone loss and reducing the risk of spinal 

fractures in postmenopausal women. 

7.1.3 Monoclonal Antibodies 

Monoclonal antibodies such as denosumab are administrated monthly by injection. Denosumab 

acts in a different mechanism than bisphosphonates but has a similar effect in slowing down bone 

fractures and reducing the risk of fractures. 

7.1.4 Hormone Replacement Therapy 

Hormone replacement therapy (HRT) uses drugs that have estrogen. Some of them also contain 

progestogen, called combined HRT. Even at low doses, HRT helps reduce the rate of bone loss, 

reducing the risk of OP and fractures in postmenopausal women. HRT is harmless and operative for 

most ladies under 60 years who have OP and need HRT to relieve menopausal symptoms. It might 

also be prescribed for women under 60 years of age who are incapable of taking other OP 

medications. It is beneficial for women who have experienced menopause before the age of 45. This 

therapy is more suitable for women over 60 years of age than other medications because of a 

slightly increased risk of cardiovascular diseases such as stroke and breast cancer.  

7.1.5 Testosterone 

Testosterone is resourceful for men at high risk for fracture with testosterone levels less than 

200 ng/dl (6.9 nmol/l). This should be measured even for patients who lack standard indications for 

testosterone therapy but who have contraindications to other osteoporosis therapies [195]. Its side 

effects are cardiovascular and metabolic and rise in prostate-specific antigen. 
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7.1.6 Teriparatide 

Teriparatide is a medication that is given through injection daily for 18 months. The injections 

can be self-administered by the patient. It stimulates osteoblasts, thereby improving bone structure 

and strength. It is only prescribed for people with severe conditions if other medications have not 

operated, and the risk of additional fractures is still very high. A specialist must prescribe it, which 

can only be used for eighteen months. At the end of the tri-parathyroid cycle, another medication 

should be on course to ensure the new bone is preserved and healed [31, 196-199]. Abaloparatide 

is also in this category. 

7.1.7 Strontium Ranelate 

Strontium ranelate (SrRan) is another drug. Strontium (Sr) is a trace element chemically close to 

calcium. The human body takes 4 mg Sr daily from leafy vegetables, grains, and dairy products. The 

body poorly absorbed it [4]. Most absorbed St is found in the skeleton, but its content is only 0.035% 

of the calcium content [5]. In the organism, Sr is possibly built into the crystals of biological apatite. 

It can produce carbonate, citrate, and lactate salts and bind with calcium-transporting proteins. 

Dissimilar with other medications, SrRan has several direct effects on bone cells, intensifying 

osteoblastogenesis while inhibiting osteoclastogenesis. Strontium ranelate administration shows 

amplification expression of key osteoblastogenesis genes by activating manifold signaling paths. 

These pathways promote the differentiation and proliferation of pre-osteoblasts and osteoblasts, 

which increases the bone formation rate and the synthesis of collagen and non-collagen proteins in 

the bone matrix [5]. At the same time, the mechanisms that prevent osteoblast apoptosis increase 

their survival, positively affecting bone formation. The resemblance of Sr and calcium proposes that 

particular processes occurred chiefly through the calcium-sensing receptor [200]. 

7.1.8 Salmon Calcitonin 

Salmon calcitonin (after this, referred to as “calcitonin”) is an analog of human calcitonin used in 

the treatment of hypercalcemia, postmenopausal OP, and Paget’s disease of bone. Calcitonin 

directly inhibits the breakdown of calcium from bone. This effect is exerted by increasing the 

amount of cAMP in bone cells and, consequently, by disrupting the transport of calcium and 

phosphate through the plasma membrane of osteoclasts. It directly blocks the reabsorption of 

calcium, phosphate, and sodium into the renal tubules and, as a result, increases their excretion. 

7.1.9 Beta Blockers 

Beta adrenolytic medications are accompanied by reduced fracture risk [201] and higher BMD. 

Pharmacological β1- adrenolytic may deliver a small but significant increase in bone mass and thus 

support fracture prevention. Given the small effect size, β1- adrenolytic may be an insufficient 

treatment for OP, per se, but could represent a cost-effective and safe treatment for patients with 

osteopenia, particularly in light of recent evidence that increased SNS signaling contributes to a 

spectrum of bone-loss phenotypes. For many patients already using beta blockers, the 

comparatively small effect size may deliver considerable assistance over the long term on the 

population level. Careful assessment of β1- adrenolytic for age-related bone loss and other illnesses 

will answer the question of what is best for bone health and beyond in the elderly. Pharmacotherapy 
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is not the only choice for treating OP. Daily exercise, an appropriate diet plan that contains adequate 

calcium and vitamin D, quitting smoking, and warning related to drinking beverages containing 

ethanol are also important.  

The bone-targeted medications can increase bone density in the buttocks and the spine by 

around 1-3% and 4-8% during the first 3-4 years of treatment, respectively. They can reduce spinal 

and pelvic fractures by nearly 30-70% and 30-50%, respectively. 

7.2 Nanomedicine 

One of the new strategies to improve the treatment of osteoporosis is the development of drug 

delivery systems based on nanomaterials. These nano pharmaceutical systems reduce toxicity and 

increase medicines' therapeutic efficacy and pharmacokinetic profile. So far, several nanoplatforms 

have been introduced for the treatment of osteoporosis. For example, double-layer hydroxides and 

silicate and graphene nanomaterials are emerging as significant candidates. Recently, a new nano-

method based on nano-bubbles for the treatment of osteoporosis using cathepsin K has been 

introduced. Cathepsin K plays a vital role in the process of bone resorption. The nano-bubbles target 

osteoclast cells (bone cells that harbor the CTSK gene) and protect the siRNA from contacting the 

surrounding environment. In this method, the delivery system helps prolong the effectiveness of 

the process by reducing the speed of medicine distribution. The advantage of ultrasonically 

responsive nano-bubbles is that they act as a dual technology where ultrasound disrupts the 

bubbles, transfers genes, and even aids in bone growth.  

From the point of view of commercialization of nanotechnologies related to osteoporosis, it 

should be said that many companies active in the field of nanosciences are developing diagnostic 

and treatment platforms for osteoporosis, including Nanox. The company develops artificial 

intelligence-based medical imaging tools to screen for early indicators of the disease. Nanox 

received FDA approval for its HealthOST device in 2022. This artificial intelligence tool measures low 

bone density and osteoporosis-related fractures. Reports indicate that this method is 90% accurate. 

Advances in nanoscience have led to the emergence of new techniques to improve the therapeutic 

properties of osteoporosis. The development of nano-carriers promises clinical applications to 

deliver medicines to bone tissues. These nanomedicines help to expand therapeutic opportunities, 

improve local medicine concentration, and reduce off-target negative effects. In this regard, 

research focused on the release, stability, and safety of the medicine, focusing on optimizing nano-

carriers, is currently being carried out and supported. 

7.3 Herbs 

Some studies revealed that botanical agents or herbs effectively treat the disease [202]. While 

further related investigations are needed on the usefulness of herbs in treating OP, some herbs 

have been designated to treat OP and prevent bones from fractures [203]. Herbal treatment is 

helpful and slow; many patients are satisfied using them. They offer prevention and maintenance 

rather than over-active treatment [204].  

Some useful herbs are studied here. 
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7.3.1 Cimicifuga racemosa  

Cimicifuga racemosa is a perennial dicot of the Buttercup family native to the USA and the 

eastern half of Canada. It is also known as baneberry, black cohosh, black snakeroot, bugbane, and 

bug root. Data from the clinical trials proposed the beneficial effects of the herb on bone mineral 

density and metabolism [205]. Additionally, the investigators hint at the conceivable reduction of 

the cumulative dose of HRT for the prophylaxis of the disease in patients taking the herb [206].  

It contains phytoestrogens that would help to stop OP. Phytoestrogens are polyphenolic 

compounds formed naturally in beans, cereals, flax seeds, hops, legumes, nuts, sesame seeds, and 

soybeans that might exert estrogenic activities. The two main composites are flavonoids and non-

flavonoids. Isoflavones, coumestans, and prenylflavonoids belong to flavonoids, and lignans belong 

to non-flavonoids. A study showed that the herb was talented in promoting bone formation in mice. 

7.3.2 Drynaria fortunei 

The dried rhizome of Drynaria fortunei (Kunze) J. Sm., or Rhizoma Drynariae, is stated to prevent 

age-associated bone loss. It contains mostly flavonoids, glycosides, triterpenoids, and phenolic acids 

[142]. In animals whose ovaries were surgically excised, extract of this herb prevented estrogen 

deficiency-induced weight gain without an unfavorable effect on the uterus [143]. Moreover, it 

exerted a protective effect on bone, increasing trabecular number and bone fraction and decreasing 

trabecular separation in calcaneus bone. In vitro studies show that its extract inhibits RANK activity 

[143]. It has been stated that polysaccharides extracted from the herb showed an anti-osteoporotic 

effect in ovariectomized rats. It maintained trabecular microarchitecture and bone biomechanical 

properties and enhanced femoral and tibial bone mineral density [144]. 

7.3.3 Elaeagnus angustifolia  

Elaeagnus angustifolia is a species of Elaeagnus native to Afghanistan, West and Central Asia, 

from southern Russia and Kazakhstan to Iran and Turkey. It is now extensively established in North 

America as a well-known species rich in folic acid and vitamin C. In addition, the fruit contains plant 

compounds that activate hormone receptors, thus preventing the loss of calcium during menopause 

in women. Consumption of elecampane powder with milk, which is rich in calcium, is very helpful 

in preventing the occurrence or progression of this disease and osteoarthritis. In addition, people 

should seek medical help if needed under the supervision of a specialist. Consumption of 

elecampane powder with milk, which is rich in calcium, is very helpful in preventing the 

development or progression of osteoporosis and osteoarthritis. Some clinical investigations on the 

analgesic and inflammatory effects of its fruit extract in osteoarthritis have shown a comparable 

effect of this extract with acetaminophen or ibuprofen [207]. It is also helpful for strengthening 

bones and can be mixed with milk or coconut milk. 

7.3.4 Glycine max L  

Glycine max L. is an annual plant from the Fabaceae family. It is a rich source of genistein, 

daidzein, biochanin A, and glycitein. Its other name is soybean. It also has proteins and grows mainly 

in Southwest Asia [202]. The aglycones and conjugate forms of genistein account for 60% of 

isoflavones and daidzein for up to 30% [208] in this herb. These estrogen-like compounds help the 



OBM Geriatrics 2024; 8(2), doi:10.21926/obm.geriatr.2402277 
 

Page 21/41 

bones from bone diseases and prevent bone loss. It is generally recommended that OP patients 

should consult with their physicians before using soy, especially if they have a high risk of estrogen-

dependent breast cancer for some reason. 

Soy foods have been part of old-style Asian cuisine for several years. Soy products have recently 

become public worldwide. Soy foodstuffs are also used as a healthy analog for meat and as a 

common food choice for vegetarians due to their high protein content. Varied types of soy foods 

include unfermented soy foods, for example, soy milk, tofu, whole soybeans, adamant, and 

fermented soy foodstuffs such as fermented bean paste, miso, natto, soy sauce, and tempeh. 

7.3.5 Sesamum indicum  

Sesame seeds (Sesamum indicum L.) contain calcium, magnesium, copper, zinc, manganese, 

phosphorus, and vitamins K and D [209]. 

7.3.6 Trifolium pretense 

The red clover (Trifolium pretense) contains phytoestrogens. Since natural estrogen can help 

protect bones, this plant may help treat OP [210]. However, there is little scientific evidence that it 

is effective in slowing down bone loss. The compounds in it might upsurge the risk of bleeding during 

and after surgery. Therefore, it should be stopped no less than two weeks before a scheduled 

surgery. In hormone-sensitive conditions such as breast cancer, uterine cancer, ovarian cancer, 

endometriosis, or uterine fibroids, it might act like estrogen. Any condition that might be made 

worse by estrogen should not use red clover. Also, patients with protein S deficiency have a high 

risk of forming blood clots. There is some concern that the herb might increase the risk of clot 

formation in these patients because it seems that it has some estrogen-like effects. It may also slow 

the natural blood clotting process.  

Phytoestrogens may interact with other medications and should not be appropriate for some 

persons. Birth control pills interact with it. It may have some of the same effects as estrogen. 

However, it is not as strong as the estrogen in birth control pills. Some birth control pills include 

ethinyl estradiol and levonorgestrel, ethinyl estradiol, and norethindrone. Taking it along with 

estrogen pills might decrease the effects of estrogen pills, such as conjugated equine estrogens, 

ethinyl estradiol, and estradiol.  

Medications changed by the cytochrome P450 1A2 substrates such as amitriptyline, haloperidol, 

ondansetron, propranolol, theophylline, and verapamil interact with red clover. Other medications 

changed by the cytochrome P450 2C19 substrates interact with red clover, such as omeprazole, 

lansoprazole, pantoprazole, diazepam, carisoprodol, and nelfinavir. Medications changed by the 

Cytochrome P450 2C9 substrates interact with it, such as diclofenac, ibuprofen, meloxicam, and 

piroxicam; celecoxib; amitriptyline; warfarin; glipizide; and losartan. Also, medications changed by 

the Cytochrome P450 3A4 substrates interact with red clover, such as lovastatin, ketoconazole, 

itraconazole, fexofenadine, and triazolam. 

Anticoagulant/antiplatelet medications interact with red clover. Taking considerable amounts of 

this herb might slow blood clotting. Taking it along with medications that also slow clotting, 

including NSAIDs such as aspirin, diclofenac, ibuprofen, naproxen, and other slow clotting medicines 

such as clopidogrel, dalteparin, enoxaparin, heparin, and warfarin might increase the risks of 

bleeding and bruising.  
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Some types of tumors are affected by estrogen levels in the body, such as estrogen-sensitive 

tumors. Tamoxifen is used as a medicine to help treat and prevent estrogen-sensitive tumors. 

Tamoxifen and red clover interact with each other. It seems the herb also affects estrogen levels in 

the human body. By affecting estrogen in the body, it may decrease the efficacy of tamoxifen.  

In pregnant and breast-feeding women, taking this herb is likely safe when taken orally in 

amounts commonly found in food. However, it is likely unsafe when used in pharmacological doses. 

It acts like estrogen and may disturb hormone balances during pregnancy or breast-feeding.  

7.3.7 Labisia pumila 

Labisia pumila is native to Malaysia and belongs to the family Myrsinaceae. The water extract 

has shown bioactive chemicals, for example, anthocyanin, ascorbic acid, flavonoids, β-carotene, and 

phenolic acid, which have extensive antioxidant, anti-inflammatory, antimicrobial, and antifungal 

properties. The superior antioxidant activity in the herb is related to its high phenolic and flavonoid 

compounds. The herb is used for the treatment of painful menstruation and disorders of sexual life 

in females due to its oestrogenic properties in Malaysia. As a phytoestrogen-containing herb, it is 

also a treatment approach in patients with OP. 

7.3.8 Eurycoma longifolia 

Eurycoma longifolia Jack, or tongkat ali, is a flowering plant of the family Simaroubaceae. The 

herb is native to Indonesia, Malaysia, Vietnam, Cambodia, Myanmar, Laos and Thailand. In these 

countries, the herb is one of the well-known folk medicines for aphrodisiac effects in addition to 

intermittent fever and malaria. Decoctions of its leaves are used for washing itches, while its fruits 

are used in curing dysentery. Its bark is used as a vermifuge, while the taproots are used to control 

hypertension, and the root barks are used to treat diarrhea and fever. Mostly, the root extract is 

used as a folk medicine for sexual dysfunction, aging, aches, constipation, exercise recovery, 

malaria, cancer, DM, anxiety, fever, increased energy and strength, leukemia, OP, stress, syphilis, 

and glandular swelling. The herb’s roots are also used as an aphrodisiac, antibiotic, appetite 

stimulant, and health supplement. The herb has various classes of bioactive chemicals like 

quassinoids, canthin-6-one alkaloids, β-carboline alkaloids, triterpene tirucallane type, squalene 

derivatives, and biphenyl neolignan, eurycolactone, laurycolactone, and eurycomalactone, and 

bioactive steroids. Among these phytoconstituents, quassinoids account for most herb-root 

phytochemicals [211].  

For other valuable herbs, see Table 5. 

Table 5 Summary of anti-osteoporotic and important properties of herbs. 

Scientific name Plant parts  Relevant ethnomedical uses Ref. 

Achyranthes bidentata Blume Root Bone related diseases [212, 213] 

Berberis aristata DC Stem bark Menopausal disorders, OP [214] 

Butea monosperma (L.) Kuntze Stem bark Bone fracture [215] 

Cissus quadrangularis L. 
Aerial parts, 

root 

Hemorrhoids, menstrual disorders, 

scurvy, flatulence, bone fractures & 

diseases 

[216-218] 
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Cuscuta chinensis Lam. Seed Sexual dysfunction, OP, senescence [219, 220] 

Davallia formosana Hayata Rhizome Bone diseases, OP [221] 

Dipsacus asperoides C. Y. 

Cheng et T. M. Ai 
Root 

Bone fractures, traumatic 

ecchymoma, injury of muscles 
[222, 223] 

Drynaria fortunei (Kunze) J. 

Sm. 
Rhizome Joint diseases, bone fractures [224-228] 

Epimedium brevicornu Maxim Leaf 
Hypertension, impotence, 

prospermia, hyperdiuresis, OP, 

menopause syndrome, RA, and 

chronic tracheitis  

[229-239] 

Epimedium koreanum Nakai Leaf 

Epimedium pubescens Maxim Leaf 

Epimedium sagittatum (Sieb. 

et Zucc.) 
Leaf 

Glycine max (Linn.) Merr. Seed 
Cardiovascular diseases, cancer, 

OP, renal dysfunction 
[240-246] 

Heimia myrtifolia Cham. Leaf OP [247] 

Lepidium meyenii Walp. Root 
Hot flushes, tender breast, vaginal 

dryness, OP 
[248, 249] 

Linum usitatissimum L. Seed Postmenopausal osteoporosis [250-253] 

Psoralea corylifolia L. Fruit Bone fracture, OP & osteomalacia [254-257] 

Panax notoginseng (Burk.) F. 

H. Chen 
Root 

Trauma, injury of muscles, bone 

fracture 
[258, 259] 

Salvia miltiorrhiza Bunge (also 

known as ‘dan shen’ or ‘red 

sage root’) 

Root 

Cardio-cerebral diseases, prevents 

the decrease in trabecular bone 

mass and bone mineral density  

[260] 

Sambucus williamsii Hance Stem 
Bone fractures, joint diseases, 

inflammation,  
[261] 

Ulmus wallichiana Planch. Bark Bone fractures [262-265] 

7.4 Natural Remedies 

The goal of using natural remedies is to control and treat OP without the use of medications. 

However, these should be done under specialist and trained supervision. Osteoporosis is currently 

treated with various natural remedies [162]. Other remedies include coriander tea, almond milk, 

nettle tea, turmeric, nettle, fennel, and eggshell concoction. Pour a tablespoon of turmeric, 2 

tablespoons of each nettle and fennel plant, and a tablespoon of eggshell jam into three cups of 

boiling water and infuse for 10 minutes. A tablespoon of honey would be added when consuming 

it. The amount of this potion is three times a day. This combination should be used for a week. To 

prepare a sesame concoction, add a teaspoon of roasted seeds to a cup of warm milk and drink this 

mixture twice a day. Another remedy is powdered elm with skin, flesh, and core (complete elm 

powder). Another remedy is one to two glasses of celery juice. Luteolin is a flavonoid. It originates 

in celery, green pepper, parsley, perilla leaf and seeds, and chamomile. The active compound has 

anti-inflammatory effects, inhibits osteoclast differentiation, and protects against OVX-induced 

bone loss [266].  

Honey has promising helpful effects in stopping OP due to its high concentration of antioxidant 

and anti-inflammatory compounds. Several types of honey have been given away to prevent bone 
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loss in various animal models [267]. Cow’s milk with honey is a useful remedy. Consuming 7 almond 

nuts in the evening [268], consuming 21 raisins daily in the morning fasting, and beets with leaves 

in soup or stew are also useful. Calf thigh bone and mutton are healing diets after bone fracture. 

Momenia, or Momijo medicine, which traditional Iranian physicians have considered, is a blackish-

brown substance spontaneously found in cracks and fractures adjacent to underground oil reserves 

in the highlands.  

Chamomile tea promotes bone repair and growth [269]. This result may be predominantly 

effective for females who are prone to the disease after menopause, estrogen depletion, and bone 

loss. The results of an investigation showed that the body identifies chamomile as being almost like 

estrogen and that chamomile may have the ability to stimulate bone-forming cells. However, more 

research needs to be done [269].  

Consuming Ardeh or Tahini (100% crushed sesame seeds), 3 tablespoons in combination with 

grape juice at breakfast is also recommended [270, 271]. Ardeh is also named fermented sesame. 

To make sesame seeds, sesame seeds are first soaked after collection so that the thin black or brown 

skin can be easily removed. The white, peeled sesame seeds are then crushed in a mill to form 

relatively loose dough called Ardeh. Raw or toasted sesame seeds are easy to sprinkle onto dishes, 

or people can use sesame seed oil or tahini in various recipes. People with a sesame allergy 

background must avoid any foodstuffs containing sesame in any form, including sesame seeds, 

sesame oil, and tahini. A tablespoon of raw sesame jam with dinner, curd with mint, walnut, and 

dates, a traditional Iranian food, is also useful. Curd is made by concentrating or drying the 

buttermilk after buttering or from nonfat yogurt. Eating foods rich in calcium and phosphorus, such 

as curd and dates, is the best food to protect bones.  

Walnuts have nutritional properties and are a valuable source of protein, healthy fats, fiber, plant 

sterols, and many vitamins and minerals. Just 30 grams of walnut provide 100% of your daily omega-

3 needs. The vitamins in walnuts include vitamin C, thiamine, riboflavin, niacin, pantothenic acid, 

vitamin B6, folic acid, and vitamins B12, E, K, and A. Walnuts also include beta-carotene, lutein and 

xanthine. Walnuts are also rich in calcium, copper, iron, magnesium, manganese, phosphorus, 

potassium, selenium, and zinc source. Walnuts, like other nuts, are high in fiber and protein. After 

all, walnut tastes good. It can be eaten as a healthy snack or with breakfast cereals, oats, smoothies, 

or salads. Walnut cakes and biscuits are popular.  

Barberry root decoction daily in a glass is also useful [272]. 

7.5 Physiotherapy 

Physiotherapy intervention for patients with OP or reduced bone density should include the 

following. Weight training, exercise flexibility, endurance exercise, situational practice, and balance 

practice. Considerable attention and care must be taken before manual procedures such as 

manipulations or joint assessments that may increase fracture risk in patients, especially in the 

spine.  

Treadmill exercises are not recommended for people with severe OP or fractures of the lower 

limbs, pelvis, or ribs. 
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7.6 Exercise  

Regular exercise, apart from its many benefits for other parts of the body, especially the bone, 

will make it stronger and stronger. Like calcium and vitamin D, adequate consumption, and other 

principles of proper nutrition, standing exercise can significantly increase bone density. Standing 

exercises can strain the body's weight, the bones of the spine, the pelvis, and the lower limbs. Stress 

on the bone is one of the most important factors in strengthening it. The bone becomes stronger 

where more force and tension are applied, and if no force or tension is applied to it, it gradually 

loses density. This is why people who rest in bed for a long time due to chronic illness or those who 

are in a state of weightlessness in space for a long time suffer from this disease. The important fact 

is that sports in which little weight is applied to the bones (such as swimming) will not significantly 

increase their density. Walking and running, tennis, basketball, mountaineering, and weightlifting 

are sports that increase bone density. Standing exercises strengthen bones; at least half an hour of 

exercise daily is essential. This period should be longer in adolescents and children. Lack of physical 

activity during childhood and adolescence causes the bones not to be strong enough, and these not-

so-strong bones will certainly develop earlier in old age. Standing exercises are important in old age, 

and without them, OP progresses rapidly. 

7.7 Magnetic Therapy 

Supportive therapy to maintain bone tissue quality and reduce pain in patients with OP includes 

low-frequency pulse bio-magnetic therapy, which aids metabolic processes in the bones and leads 

to better cooperation of bone-building agents and a significant reduction in pain. In patients with 

OP, magnetic therapy speeds up the healing process, as it stimulates the formation of new bone 

(accelerates bone formation and calcification) and increases sensitivity to PTH. The analgesic 

frequencies of 4 to 6 Hz are applied first, and when the pain subsides, therapeutic frequencies in 

the 36 to 44 Hz range can be performed. 

8. Conclusion 

Osteoporosis is a skeletal disease that occurs mainly in geriatrics. Its characteristic feature is a 

reduction in bone mass and strength with aging, putting men and women at risk of bone fractures. 

It appears less often in men than in women because they have stronger and larger bones, their bone 

loss initiates later and develops more slowly, and they have no period of rapid hormonal change 

and bone loss. Women above 65 should be asked for a bone density scan. In addition to producing 

fractures, this disease leads to severe mental disorders, disabilities, and financial consequences. The 

disease has many risk factors. Referral of patients to experienced physicians is a beneficial 

recommendation. Educating patients is crucial because many are unaware of the severe 

consequences of the disease. Early prevention can help reduce the high complications. Patients are 

asked to balance their lifestyle, take prescribed medications, quit smoking, and abstain from 

alcohol. The nutritionist must suggest to the patient a diet rich in calcium and the need to take 

vitamin D supplements and other necessary nourishments and vitamins. Herbs and natural 

remedies should be taken under specialist supervision. Attending a physiotherapy schedule is 

recommended for exercising and participating in a supervised activities program. 
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