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Abstract

Background: Osteoporosis is a common bone disease defined by decreased bone mineral density and
increased fragility and fracture risk. A variety of factors, both genetic and environmental, contribute to the
disease, which is frequently identified after a fracture occurs, especially in the hip, spine, and wrist, posing a
significant health issue. This condition is observed more frequently in females and older adults. Diagnostic
procedures typically involve assessments of bone mineral density using dual-energy X-ray absorptiometry.
Treatment strategies encompass both non-pharmacological approaches and pharmacological interventions,
especially for women undergoing menopause. Given its extensive impact on public health, strategies for
preventive measures and therapeutic management are the keys to combating this prevalent disorder.

Aim: This article serves a crucial purpose in the field of osteoporosis research. It aims to comprehensively
review basic science studies on osteoporosis and its risk factors, providing a deeper understanding of this
prevalent bone disease.

Methods: Our review adheres to the preferred reporting items for review. We conducted an extensive literature
search in the web databases PubMed, Research Gate, Google Scholar, and Scopus, covering original
publications from 2011 to 2022 in the English language.

Conclusions: Osteoporosis is a pressing public health concern, particularly as the population ages. It is
characterized by decreased bone mineral density and increased fragility and fracture risk. A multitude of factors
contribute to its development. Diagnosis relies on assessing bone mineral density, and management strategies
involve a combination of non-pharmacological and pharmacological interventions. However, a comprehensive
understanding of osteoporosis is critical to effective prevention and management.
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Introduction

Osteoporosis is a progressive bone disease marked
by decreased bone mineral density, deterioration of
bone microarchitecture, enhanced bone fragility,
and increased risk of fractures (1-4). The World
Health Organization's definition highlights the
presence of low bone mass and associated fracture
risks (2), while the National Institutes of Health
points to a reduction in bone strength and a higher
likelihood of fracture risk (3). Osteoporosis is a
multifaceted disease with several types and causes.
This condition classifies into primary osteoporosis,
which divides further into type 1 (postmenopausal)
and type 2 (senile), and secondary osteoporosis,
which arises due to medical conditions or the use
of certain medications (5).

Pathophysiology

Osteoporosisis a metabolic bone disorder
stemming from a disruption in the balance between
osteoclastic bone resorption and osteoblastic bone
formation, leading to fragile bones (6). Traditional
views on osteoporosis concentrated on endocrine
mechanisms, but current studies emphasize the
importance of the interactions between the bone
and the immune system, the gut microbiome, and
cellular aging (6). These findings have facilitated
the creation of diverse medications for
osteoporosis, such as antiresorptive agents and
bone promote formation medications (6).
Comprehending osteoporosis's underlying
pathophysiology is essential for its prevention and
management.

Epidemiology

Osteoporosis is a significant global health concern,
particularly among the older population, with a
prevalence of 21.7% in this population (7). This
prevalence is even higher in Asia, at 24.3% (7).
Women experience a higher incidence of this
condition, with the most pronounced rates observed
in Africa (7). Osteoporosis poses a significant
health concern worldwide, particularly impacting
women after menopause, leading to severe hip and
spine fractures (8). Further, documentation shows
the considerable economic burden associated with
osteoporosis-related fractures, advocating for
enhanced screening and management approaches
to address this global health concern (9,10). These
collective findings emphasize the dynamic nature
of osteoporosis epidemiology and highlight the
critical need for targeted public health strategies
and personalized patient care.
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Risk Factors

Age

Age is a well-recognized risk factor for
osteoporosis. Research demonstrates that bone
mass peaks in the third decade of life and then
gradually declines, significantly accelerating after
menopause in women and generally occurring at a
slower but consistent pace in men (11,12). The
decline in bone mineral density (BMD) with age is
crucial, making older individuals susceptible to
osteoporosis and related fractures. For instance,
studies have shown that bone density
measurements in various population samples
decline with age, with a noted increase in
osteoporosis risk correlating with older age (13).
This age-related bone loss associated with changes
in hormonal levels significantly reduced estrogen
levels in women post-menopause and decreased
testosterone levels in older men.

Moreover, factors such as frailty, which increase
with age, are significant independent risk factors
for fractures, suggesting that the impact of age on
bone health is multifaceted and extends beyond
mere bone mineral density (14). Additionally,
conditions like chronic obstructive pulmonary
disease (COPD) and iron deficiency anemia are
seen more commonly in older populations and have
been independently associated with higher
osteoporosis risks, illustrating the complex
interplay of age-related health issues contributing
to bone loss (15,16). Overall, while age is a
significant risk factor, the development of
osteoporosis is influenced by a variety of genetic,
hormonal, environmental, and lifestyle factors,
making it a complex disease with multiple
contributing elements.

Gender

Osteoporosisis a condition that predominantly
affects older adults, especially postmenopausal
women (17, 18). Gender is a significant risk factor
for osteoporosis; women face a higher risk of
developing osteoporosis than men (19, 17). This
higher risk is due to factors such as achieving a
lower peak bone mass and experiencing faster bone
loss in women (19). A study showed a 23.4%
prevalence of  primary  osteoporosis in
postmenopausal women based on lumbar vertebra
T-scores, underscoring the high risk associated
with gender-specific factors (20). Additional risk
factors include age, genetic predisposition,
hormonal imbalances, and various lifestyle and
dietary habits (18). These findings collectively
emphasize the critical impact of gender on
osteoporosis risk, with notable variations across
different demographics and geographical regions.
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It is vital to tailor prevention and treatment plans to
these gender-specific risk factors.

Race

Research highlighted that race and ethnicity do
play significant roles in osteoporosis risk, with
some studies identifying specific racial groups as
having a higher risk compared to others. One study
reviewed risk factors for osteoporosis in the
Malaysian population, including race, over the
decade, emphasizing the need to consider ethnic
diversity in osteoporosis risk assessments (21).
Similarly, another study noted that Chinese females
had a higher risk of osteoporosis compared to their
counterparts not using warfarin, indicating how
racial differences can intersect with medical
conditions to influence osteoporosis risk (22).
Moreover, studies such as "FRAX and ethnicity"
and "Which fractures are most attributable to
osteoporosis™ discussed how clinical risk factors,
including race/ethnicity, are essential in assessing
osteoporosis risk and its contribution to fractures in
diverse populations (23,24). Indicates a nuanced
view where race not only contributes to the
disease's prevalence but also affects the likelihood
and severity of associated complications. This body
of research underscores the complexity of
osteoporosis as a multifactorial disease where race
and ethnicity interplay with other demographic and
clinical factors, influencing the disease's
prevalence and severity. These findings advocate
for personalized medical approaches that consider
racial and ethnic backgrounds as part of
comprehensive osteoporosis risk assessment and
management strategies.

Family History

A person's family history can be crucial to
determining their risk of getting the disease.
Research suggests that genes determine as much as
90% of osteoporosis cases (25). For instance, a
study noted that osteoporosis in close relatives,
particularly mothers, is a non-preventable risk
factor for the condition in postmenopausal women
(26). Similarly, it found that the heritability of bone
mineral density, a crucial indicator of osteoporosis,
could be as high as 60%, with numerous genes
implicated, indicating a substantial genetic
component (27). Further research highlighted the
potential of genetic markers for early diagnosis in
high-risk families (28).

Additionally, specific genetic regulatory effects
that influence osteoporosis risk identifying crucial
genes and pathways, such as CCR5 and RIPK3,
which could lead to new therapeutic strategies,
have been characterized (29). The genetic
foundations of osteoporosis, emphasizing the
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significant advances and challenges presented by
genome-wide association studies, were also
discussed (30). Additionally, the role of genetics in
osteoporosis has examined how it has evolved,
particularly concerning women's reproductive
health and bone strength (31). Studies on ancient
populations have also shed light on how
osteoporosis has affected people historically (32).
These findings collectively highlight the complex
interplay between genetic predisposition and
environmental factors in the development of
osteoporosis. Understanding the role of genetics
and family history is crucial for diagnosing
osteoporosis and finding ways to treat or manage it.

Lifestyle Factors

A range of lifestyle factors identified as risk factors
for osteoporosis, several studies have emphasized
the impact of lifestyle behaviors, such as the
consumption of alcohol, smoking habits, and the
level of physical activity, alongside the critical role
of a nutritious diet and the use of dietary
supplements in combating the disease, has been
emphasized (33, 34). The importance of addressing
modifiable risk factors, including a low body mass
index (BMI), a sedentary lifestyle, and inadequate
calcium and vitamin D intake, has been pointed out
(35). Smoking and excessive alcohol intake are
consistently associated with poor bone health.
Quitting smoking and moderating alcohol
consumption can significantly reduce osteoporosis
risk (36). Regular weight-bearing and muscle-
strengthening exercises are crucial; they help
improve bone density and overall musculoskeletal
health, reducing the risk of osteoporosis and
fractures (37). Implementing measures to prevent
falls is essential, especially in older people, as falls
are a significant cause of fractures in individuals
with osteoporosis (38). These studies collectively
call for a comprehensive strategy for preventing
and treating osteoporaosis that incorporates lifestyle
modifications and medical interventions.

Dietary Habits

Several dietary factors potentially contribute to the
risk of developing osteoporosis. Adequate calcium
and vitamin D intake remains a cornerstone in
preventing osteoporosis. The role of balanced diets
rich in these nutrients in mitigating bone loss has
been emphasized (39). Proper calcium and vitamin
D intake, along with regular engagement in weight-
bearing exercises, play crucial roles in preventing
osteoporosis (40). The significance of a balanced
diet that includes sufficient calcium, vitamin D,
potassium, magnesium, vitamins K and B12, and a
wide variety of fruits, vegetables, and low-fat dairy
has been stressed (41,42). A specific dietary regime
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rich in milk, dairy, and green tea effectively lowers
osteoporosis risk among postmenopausal Korean
women has been identified (43). Conversely, diets
high in soft drinks, fried foods, meats, and
processed items, known as the "Meat/Western"
pattern, were linked to an increased osteoporosis
risk (41).

BMI

Several studies have elucidated the complex role of
BMI in influencing osteoporosis risk. Obesity is
associated with a diminished likelihood of
osteoporosis, yet it does not mitigate the risk of
osteopenia (44). An inverse association between
BMI and bone mineral density in Indian women
found that lower BMI is a risk factor for
osteoporosis (45). In addition, individuals with a
low body mass index (BMI), specifically below
18.5, exhibit an increased prevalence of
osteoporosis (46). Factors such as muscle strength
and lean body mass are crucial in determining
osteoporosis risk, where reduced levels correlate
with a greater risk of the condition (47). The notion
that obesity offers a protective effect against
osteoporosis remains contentious, with specific
research indicating that obesity might elevate
fracture risk at particular bone sites (48). A study
highlighted that while a lower BMI increases the
risk of hip and osteoporotic fractures, a higher BMI
is a protective factor against most fragility fractures
but increases the risk for upper arm fractures,
underscoring BMI's multifaceted relationship with
fracture risk (49). These studies collectively
highlight the nuanced influence of body mass on
bone health, indicating both protective and risk-
enhancing effects of BMI on osteoporosis.

Medical Conditions

Various medical conditions and diseases can lead
to 0Steoporosis, such as primary
hyperparathyroidism, rheumatoid arthritis, type 2
diabetes, chronic  kidney  disease, and
hematological  diseases, including multiple
myeloma, systemic mastocytosis, thalassemia, and
hemophilia (50, 51).

Hormonal Imbalances

Hormonal fluctuations, especially those associated
with the reproductive cycle, significantly develop
osteoporosis and fracture susceptibility (52). An
imbalance between osteoblasts and osteoclasts
activities can result in excessive bone breakdown
and insufficient bone formation (53). This
disruption is often due to hormonal changes,
notably the reduction of estrogen and testosterone
levels (54). The critical role of estrogen depletion
in the onset of postmenopausal osteoporosis is
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further highlighted (55). At the same time, the
significant impact of estrogen deficiency on bone
density during menopause is also pointed out (56).
Together, these studies indicate that hormonal
changes and significantly decreased estrogen levels
are significant risk factors for developing
osteoporosis.  Consequently,  conducting a
comprehensive hormonal evaluation is critical to
understanding bone loss and is instrumental in
effectively managing osteoporosis (54). Employing
hormonal contraceptives that contain estrogen and
undergoing hormonal treatment can act as
preventive measures, enhancing bone mineral
density and safeguarding against the deterioration
of bone tissue (52, 57).

Medications

Osteoporosis is a multifactorial disease affected by
various elements, including the use of certain
medications known to cause bone deterioration and
increased fracture risk, and poses a significant
health issue (58, 59). Medications such as
glucocorticoids, proton pump inhibitors, selective
serotonin receptor inhibitors, thiazolidinediones,
and anticonvulsants are among those implicated in
affecting bone density (60, 61). The effects of
antihypertensive drugs on bone health, noting that
some may influence bone mineral density and the
risk of fractures, have been pointed out (62).
Furthermore, the connection between the use of
antidepressants, particularly SSRIs and tricyclics,
with a decrease in bone mineral density and a
higher risk of fractures has been highlighted (63).
Medical practitioners must recognize these risks
and closely monitor patients' bone health during
these treatments (59, 61). These findings underline
the necessity of a comprehensive approach to
osteoporosis  management, which  considers
medication impacts alongside other risk factors.

Screening and Diagnosis

Epidemiological research on osteoporosis has
highlighted significant trends and implications for
diagnosis and treatment. For osteoporosis
detection, Dual-energy X-ray absorptiometry
(DEXA) is the benchmark, offering precise
assessments of bone mineral density (BMD) and
the ability to evaluate the risk of fractures (64, 65).
According to the World Health Organization
(WHO) criteria, a BMD 2.5 standard deviation
(SD) or more below the average value for young,
healthy females (T-score <—2.5 SD) indicates
osteoporosis. Meanwhile, a T-score ranging from
—1 to —2.5 SD signifies osteopenia. "Severe" or
"established" osteoporosis refers to cases
complicated by one or more fragility fractures (66).
However, its broader adoption for screening has
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some issues, such as the cost, the size of the
machinery, and the risk associated with ionizing
radiation (67). Despite these drawbacks, the DEXA
scan is considered the most accurate technique for
establishing an osteoporosis diagnosis after initial
screenings using instruments like the osteoporosis
self-assessment tool (OST) or quantitative
ultrasound (QUS) devices (64, 67).

Fracture Risk Assessment

The significance of integrating bone density
measurements with clinical risk indicators to
enhance the forecasting of low-trauma fractures has
been highlighted (68). Supporting this approach,
the development of risk assessment models,
including the Garvan Fracture Risk Calculator and
FRAX, which offer tailored evaluation of fracture
risk, has been elaborated (69). These researchers
advocate for a holistic strategy considering bone
health and other risk factors.

Prevention and Management
Non-Pharmacological Interventions
Non-pharmacological strategies play a crucial role
in the management of osteoporosis, especially
during its initial phases. Such strategies encompass
lifestyle modifications like enhancing weight-
bearing physical activities, securing sufficient
amounts of calcium and vitamin D, minimizing
alcohol and caffeine consumption, and abstaining
from tobacco wuse (70). Furthermore, the
significance of consuming adequate calcium and
vitamin D, combined with sun exposure, in
warding off osteoporosis has been highlighted (71).
Nevertheless, it is essential to recognize that
although these methods are advantageous, they
might not be entirely adequate by themselves, and
drug-based treatments could be required,
particularly for individuals at elevated risk (72).

Pharmacological Interventions

The management of osteoporosis, especially in
high-risk  patients, is heavily reliant on
pharmacological interventions (73). The treatment
strategy is tailored according to the disease’s
intensity, aiming to prevent fragility fractures by
combining pharmaceutical treatments, lifestyle
adjustments, and nutritional supplementation
(74).There exists a diverse spectrum of treatment
options, including Bisphosphonates, Hormone
Replacement  Therapies, Selective Estrogen
Receptor Modulators, Calcitonin, Denosumab, and
Anabolic Medications like Teriparatide and
Romosozumab  (75). In addition, natural
compounds, such as phytoestrogens and
antioxidant agents, are also being explored as
potential treatments (75). Researchers are also
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investigating the benefits of combining different
therapies to enhance the reduction of fracture risk
(76).

Conclusions

Osteoporosis is a pressing public health concern,
particularly as the population ages. It is
characterized by decreased bone mineral density
and increased fragility and fracture risk. A
multitude of factors contribute to its development.
Diagnosis relies on assessing bone mineral density,
and management strategies involve a combination
of non-pharmacological and pharmacological
interventions.  However, a comprehensive
understanding of osteoporosis is critical to effective
prevention and management.
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