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Abstract
Osteoporosis is one of the most common disorders around the world. Osteoporotic fracture
especially hip fracture are associated with an increased mortality rate in elders. However,
elders with osteoporosis or at high risk of fractures remain largely underdiagnosed and
undertreated. The screening, diagnosis, and treatment of osteoporosis must be improved to
maintain pace with its fast-growing prevalence. This review will cover risk factors of
osteoporosis, screening and diagnosis tools, newfound advancements, current medical
treatments including options for special populations of concern, and future research
directions.
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1. Introduction
Osteoporosis is a severe bone disease that is characterized by low bone mass, abnormally
deficient bone mineral density, and the deterioration of the microarchitecture of the bones.
Osteoporosis most commonly results in bone fragility and a dramatically increased risk of fractures
often seen at the femur neck area of the proximal hip or at the lumbar spine [1]. There are two
primary classifications of osteoporosis: primary and secondary. Primary osteoporosis can be defined
as osteoporosis resulting from naturally occurring aging and sex hormone deficiency [2]. Moreover,
primary osteoporosis can be classified into two subgroups: involutional osteoporosis Type I, also
known as postmenopausal osteoporosis and most often caused by estrogen deficiency, and
involutional osteoporosis Type II, also known as senile osteoporosis due to aging and more fragile,
trabecular and cortical bones [3]. Secondary osteoporosis can be defined as osteoporosis ensuing
from certain medical conditions or diseases, various comorbid illnesses and specific medications
such as corticosteroids and antiepileptic drugs.
Osteoporosis is one of the most common disorders around the world. In the United States alone,
approximately 10 million men and women sufferfrom osteoporosis [4] and more than 1.5 million
fractures annually can be attributed to osteoporosis. The most common fracture locations are
vertebral (650,000), the distal forearm (200,000), and the hip (250,000) [5]. Over 200 million people
worldwide suffer from osteoporosis [5] and, according to theInternational Osteoporosis Foundation,
1 in every 3 women over the age of 50 and 1 in every 5 men globally will experience osteoporosis
at some point in their lives [3]. In the United States, osteoporosis-related direct and indirect costs
exceed $10 billion annually [6], the majority of which comes from hip fracture surgery and recovery
[5]. Hip fractures alone are associated with 15-20% increased mortality rate within one year, with a
higher mortality rate in men than in women. Hip fractures make the patient susceptible to other
diseases like pneumonia and thromboembolic disease secondary to chronic immobilization [3]. By
the year 2040, osteoporosis-related costs are expected to reach $240 billion because of heightened
life expectancy of the global population [7].
The screening, diagnosis, and treatment of osteoporosis must be improved to maintain pace with
its fast-growing prevalence. Diagnosis of osteoporosis is often delayed. For instance, osteoporosis
is rarely even diagnosed afterthe first occurrence of vertebral fracture due to two main reasons.
First, vertebral fractures are frequently not a recognizable event in clinical settings. Second, many
radiologically evident vertebral fractures go unreported [8]. Although screening modalities remain
a plenty, osteoporosis is still underdiagnosed and undertreated worldwide. Curtis et al. analyzed
records of 9,876 male Medicare patients who had suffered an osteoporotic fracture between
January 2010 and September 2014, and found that only 6% had received any screening or treatment
for osteoporosis within the two years prior to their fracture despite 62.8% having had a history of
musculoskeletal pain. Overall, 2.8% of the patients were diagnosed but not treated, 2.3% were
treated but not diagnosed, and only 2.1% were both diagnosed and treated in the year prior to the
fracture. In the year after the fracture, only about 10% of patients underwent bone mineral density
(BMD) testing with only 9% receiving a treatment for osteoporosis. About 7% had a second fracture
in the year following their first injury [9]. Earlier and more effective screening tests along with
proper diagnoses would help improve quality of life for patients with osteoporosis and reduce
overall health care cost. As more is understood of bone morphology and osteoporosis, scientists will
have made major innovative leaps in its’ diagnosis and treatment including the utilization of
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noninvasive dual-energy x-ray absorptiometry (DXA), long-term medical algorithms to better
identify and prevent fractures, and effective medications like bisphosphonates. This review will
cover pathogenesis and risk factors of osteoporosis, screening and diagnosis tools, newfound
advancements, current medical treatments including options for special populations of concern,
and future research directions.
2. Pathogenesis of Osteoporosis
The fundamental pathogenetic mechanisms underlying osteoporosis include a). failure to
achieve optimal peak bone mass during growth and development, which is largely determined by
our genes, nutrition (i.e., calcium and vitamin D, etc.), and lifestyle; b). excessive bone resorption
resulting in decreased bone mass and skeletal microarchitectural deterioration; c). an inadequate
bone formation response to increased resorption during the process of bone remodeling, which is
an essential component of the pathogenesis of osteoporosis [10]. The regulation of bone
remodeling involves not only the osteoblastic and osteoclastic cell lineages but also other marrow
cells, in addition to the interaction of systemic hormones (i.e. estrogen), local cytokines, growth
factors, and transcription factors [10]. Furthermore, many genes have been identified as possible
candidates for the regulation of bone mass and susceptibility to osteoporosis [11].
RANKL is a ligand expressed on osteoblasts and T cells. It binds the receptor RANK on osteoclast
precursors, and stimulates their differentiation and activity. The RANKL/RANK interaction is
required for osteoclasts formation, differentiation, and activation, hence, represents a final
common pathway in osteoporosis pathogenesis for any pathogenetic factor triggering excessive
bone resorption.
The therapy of osteoporosis is directed at the major pathogenetic mechanisms outlined above.
Intervention for the first pathogenetic mechanism, failure to achieve optimal peak bone mass,
should be applied during skeletal growth and development. Moreover, adequate calcium and
vitamin D intake along with appropriate physical activity may not only help maximize peak bone
mass but also prevent or slow bone loss and reduce risk of osteoporotic fracture throughout life.
Pharmacotherapy for osteoporosis focusing on the second mechanism, such as bisphosphonates
and estrogen, aims to reverse excessive bone resorption. Treatment for the third pathogenetic
mechanism, impaired bone formation, is as effective as antiresorptive agents in fracture reduction.
3. Risk Factors
Many risk factors for osteoporosis exist in the general population, including but not withstanding
age, nutritional diet, demographics, and steroids use. Most of these risk factors apply to both sexes;
however, a variety of risk factors are gender-specific. A good understanding of modifiable risk
factors of osteoporosis helps prevent bone loss and osteoporotic fractures.
Age is a predominant risk factor for osteoporosis regardless of sex. Progressive decrease in BMD
with age is one of the major risk factors for fractures. Accelerated loss among women during the
perimenopausal period [12, 13] begins between ages 40 and 44, peaks between ages 50 and 54,
and then stabilizes. This accelerated loss is a major determinant and a difference in patterns of bone
loss between women and men. A second period of accelerated bone loss in women begins at age
70 in the total hip evident by the rate of bone loss after age 75 years being the same as that at age
50-54 [14]. This second period of rapid bone loss among women, and to a lesser extent among men,
Page 3/24

OBM Geriatrics 2021; 5(4), doi:10.21926/obm.geriatr.2104181

may be attributed to the increased incidence of hip fractures among elderly patients. When age is
considered, fracture location in the skeletal system diverges into two age-related patterns. The first
fracture pattern is primarily observed at sites that contain high levels of trabecular bone [5] such as
vertebrae and distal forearm (Colles' fracture). Both fractures increase soon after menopause and
continue to rise with age; however, Colles' fracture incidence reaches a plateau at age 65 [5]. The
second pattern is observed in sites containing similar levels of trabecular and cortical bone such as
in the hip. These fractures slowly increase in incidence with aging, until age 65-70, when they
exponentially increase in both sexes.
Numerous studies have shown that nutritional deficiency and a sedentary lifestyle may serve as
risk factors for osteoporosis, regardless of sex. Consuming an excess of junk food results in a
lessened intake of vitamins like vitamin K (particularly vitamin K2) [15]. This deficiency can severely
impair the calcium removal process and increase the riskof vascular calcification [15]. An adequate
level of calcium intake has been proven to increase and maintain bone mass with a proper amount
of vitamin D being demonstrated to be beneficial to intestinal absorption of calcium [16]. A study
performed in the general Japanese population reported that avoiding sunbathing and eating lesser
fish products resulted in vitamin D deficiency [17]. Thus, a healthier lifestyle, as opposed to lifestyle
characterized by nutritional deficiency, may eliminate this particular risk factor and reduce the
possibility of osteoporosis.
Alcohol consumption has been demonstrated as a risk factor for osteoporosis in both sexes. An
inverse relationship was established between light alcohol consumption and hip fracture risk from
osteoporosis. Heavy alcohol consumption was positively associated with a higher risk of hip fracture
from osteoporosis [18]. The Framingham Osteoporosis Study has shown that women between the
ages of 67 and 90 whose alcohol consumption averaged greater than 3 ounces/day experienced a
higher level of bone loss than those women who had minimal alcohol consumption [19]. Thus, a
higher level of alcohol consumption can be considered to be a detriment to bone health specifically
in the cortical and trabecular compartments at the distal radius in males and in the trabecular and
distal tibia compartments in females [15].
Although evidence is less affirmative on a causal relationship between smoking and osteoporosis,
cigarette smoking is considered to be a risk factor for osteoporosis regardless of sex. In women,
nicotine is known to inhibit the primary function of the aromatase enzyme which serves to produce
estrogens by aromatizing androgens. Consequently, nicotine reduces circulating estrogen levels and
leads to increased risk of bone loss. According to Kline et al., current smoking is associated with a
15% increase in median follicle-stimulating hormone (FSH) which may reflect a decreased circulating
estrogen level [20]. Kralland et al. reported that the overall annual bone loss was greater in smokers
than that in nonsmokers at locations such as the femoral neck, os calcis, and the spine [21]. The
emerging evidence suggests that smoking has a negative impact on the risk and treatment of
osteoporotic fractures [22].
A previous history of fractures is considered to be a significant risk factor for osteoporosis in both
males and females. A study performed by Morin et al. examined the significance of previous
fractures in osteoporosis diagnosis and future fractures in 40,000 women with a mean age of 64
years [23]. These women all previously had some type of non-traumatic fracture prior to BMD
measurement at sites like the hip, the forearm, the humerus, and the clinical spine. After BMD
measurement, 2,501 (6%) women sustained major osteoporotic fractures in the forearm, humerus,
hip, and spine during a period of 5.3 years. About 13% of the study population were diagnosed with
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osteoporosis based on femoral neck BMD. Women who had suffered previous hip, pelvis, or
humeral fractures had the lowest mean femoral neck T-scores suggesting possible osteopenia [23].
Previous fractures of other bones such as the patella, ribs, carpal, tibial, and tarsal/metatarsal sites
showed significant association with T-scores in the osteoporosis range. It was concluded that
nontraumatic fractures in women are associated with osteoporosis at the femoral neck and future
osteoporotic fracture risk independent of BMD [23].
Several inflammatory diseases such as rheumatoid arthritis, systemic lupus erythematosus,
inflammatory bowel disease, celiac disease, and chronic obstructive pulmonary disease have been
associated with bone resorption. Inflammation may increase bone loss via the bone remodeling
cycle regulated by osteoblasts and osteoclasts. The link between osteoclast, macrophage colony
stimulating factor and pro-inflammatory cytokines, such as tumor necrosis factor-alpha and
interleukin-1 explain the association between inflammation and osteoporosis [24]. Diabetes
Mellitus (DM), particularly type 1 DM, and hyperthyroidism often have poorer bone quality and an
increased risk of fractures. While several theories exist based on cellular models explaining the link
of these diseases with osteoporosis, these disorders are thought to trigger an imbalance of boneeroding activity by the osteoclasts, regardless of the complexity of osteoporosis pathogenetic
pathways.
Medications such as glucocorticoids are one of the major risk factors for bone loss and
osteoporotic fractures. Glucocorticoids primarily affect and alter osteoblasts; and, to a lesser extent,
osteoclasts in the bones. Glucocorticoids reduce the mRNAs for type Icollagen and the principal
non-collagenous protein of the bone, and reduce osteocalcin levels: the hormone that serves as a
calcium-binder and aids in bone formation [25]. Glucocorticoids may directly inhibit osteoblast
replication and differentiation as well [26]. Higher doses of glucocorticoids are associated with rapid
bone loss, affecting mostly the axial and appendicular skeleton, but also at the spine [27]. A
prospective study by Laan et al. has demonstrated that 20 weeks of glucocorticoid treatment with
a mean dose of 7.5 mg/day resulted in an 8% trabecular bone loss in the lumbar spine [28]. In
addition, histomorphometric studies have shown that glucocorticoid treatment results in a
significant decrease in osteoid seams and mean wall thickness [29], with the overall bone loss
demonstrated to be 30% [26]. Glucocorticoids are associated with a marked increase in fractures in
both males and females with fracture rates averaging 30% in adults with 5 years or more of
glucocorticoid treatment [21]. The risk of hip fractures double in patients taking glucocorticoids
compared to those with rheumatoid arthritis [29].
Unique to each sex is the predominance of their own sex hormone: androgen for males and
estrogen for females. Androgens are especially vital to proper bone growth and bone mass density
in developing males, and estrogens are also essential for the inhibition of bone remodeling, the
maintenance of bone metabolism, and bone growth in females. Thus, hypogonadism has been
shown to be a risk factor for bone loss and secondary osteoporosis in males and females. An MrOS
study that followed the incidence of osteoporosis fractures in older men (aged ≥65 years) from
Sweden, the United States and Hong Kong for a mean duration of 5.7 years suggests a significant
association between low total testosterone levels and incident falls in older men [30]. The MrOS
Sweden study found that lower levels of free testosterone were associated with a much higher
fracture risk in men and estrogen positively correlated with BMD in all locations including lumbar
spine [31]. In the Dubbo study, Australian men over the age of 60 years sustained less BMD when
bioavailable E2 and testosterone levels were decreased [32]. The relationship between decreased
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levels of androgens in males and osteoporotic fractures can be explained by testosterone as it plays
an independent and major role in muscle strength and peak performance thus guarding against
fractures and falls [33]. The role of estrogen deficiency in the development of osteoporosis in
females has been documented. A study performed by Garnero et al. on a sample of 653 French
women found that menopause resulted in a net increase in bone resorption with bone formation
markers increased by about 45% and bone resorption markers increased by about 90% [34]. In
addition, estrogen deficiency in females resulted in increased bone sensitivity to parathyroid
hormone (PTH) and other bone resorption-inducing hormones [35]. It is well documented that
young, estrogen-deficient women with primary ovarian insufficiency (POI) have lower BMD
compared to regularly-menstruating women [36]. Thus, similar to findings regarding androgens’
role in osteoporosis in older and testosterone-deficient males, estrogen deficiency has been
demonstrated to cause increased bone loss and osteoporosis in young women with POI, early
menopausal and postmenopausal women. The issue of androgen and estrogen deficiency must be
proactively addressed to reduce or prevent the risks of osteoporosis and fractures.
4. Screening and Diagnosis for Osteoporosis
Despite the number of osteoporosis screening guidelines established and available worldwide, a
universal consensus has not been reached. As mentioned previously, patients with osteoporosis or
at risk of fractures remain largely underdiagnosed and undertreated. About 80% of patients with
history of fragility fractures (femoral or vertebral), or chronic treatment with glucocorticoids did not
receive a correct diagnosis or adequate treatment for osteoporosis thus significantly increasing risk
for future fractures [37]. Although some guidelines vary on the age cutoff for when screening should
be implemented in women, the general consensus is that all women over the age of 65 years should
be screened for osteoporosis. For women of ages less than 65 years, the United States Preventive
Task Force (USPSTF) recommends that BMD screening should be performed if women possess a 10year fracture risk equivalent to or greater than the fracture risk for older women aged over 65 years
[38]. The USPSTF initially proposed a 10-year major osteoporotic fracture (MOF) risk of 9.3% or
above calculated using the Fracture Risk Assessment Tool (FRAX, www.shef.ac.uk/FRAX) without
BMD as a threshold for BMD screening in postmenopausal women between the ages of 50 and 64
[38]. Multiple studies found this threshold associated with a low sensitivity ranging from 24-40%
[39-42]. The threshold was lowered to 8.4% in 2018 which only increased sensitivity of detecting
younger osteoporotic women (<65 years) for BMD testing by 3% [42]. The National Osteoporosis
Foundation (NOF) recommends that BMD screening should be implemented for postmenopausal
women between the ages of 50 to 60 depending on their specific risk factor profile [43]. For instance,
BMD testing should be performed in postmenopausal women with previous adult fractures to
ascertain the nature of previous fractures and for the possible presence of osteoporosis. Similar to
the NOF, most medical societies recommend a risk factor-based approach to osteoporosis screening;
however, this poses challenges for clinicians since more than 30 risk factors have been listed in the
guidelines with risk factors varying widely among different guidelines. From a clinical perspective,
Simple Calculated Osteoporosis Risk Estimation (SCORE≥6) and Osteoporosis Self-assessment Tool
(OST<2) are two practical BMD screening tools for postmenopausal women with comparable
sensitivities ranging from 89-92% and 85-97%, respectively [44-46]. Both tools can be easily
accessed online and the OST may be more efficient since it only takes into account age and weight
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[47]. Screening guidelines for men are much less complex compared with women. According to the
Endocrine Society, which utilized the GRADE system (Grading of Recommendations, Assessment,
Development, and Evaluation), men over the age of 70 and men aged 50-69 years with significant
risk factors for osteoporosis or fracture should undergo osteoporosis screening using central dualenergy x-ray absorptiometry (DXA) [48].
The diagnosis of osteoporosis is most commonly established through BMD measurement in total
hip, femoral neck, and lumbar spine areas. BMD refers to grams of calcium per square centimeter
(cm2) of bone in consideration. Regarding specific measurement units, the T-score can be described
as the difference between the BMD of the patient and the mean BMD of a young adult reference
population divided by the mean standard deviation (SD) of the reference population in question
[43]. According to the World Health Organization (WHO) diagnostic classification, the presence of
osteoporosis in a patient is defined as BMD that is more than 2.5 SD below the young adult mean
normal BMD, or a T-score <-2.5 [43]. Moreover, osteoporosis exists when there has been a previous
osteoporotic fracture. Osteopenia or low bone mass is established in patients with BMDs between
1 and 2.5 SD below the young adult mean normal BMD, or a T-score between -1 and -2.5 [40].
Normal BMD level is defined in healthy adults as a T-score between -1 and 1 SD. Severe or
established osteoporosis is marked by 2.5 SD or more below the mean level for the reference
population with established fractures or a T-score at or below -2.5 with one or more fractures [43].
Generally, fracture risk increases 1.5 to 3-fold as each SD of BMD decreases beneath the reference
population [49]. It is therefore evident that BMD measurement is an optimal method to diagnose
osteoporosis in the majority of patients.
Numerous methods to measure and analyze BMD in patients exist and are widely utilized such
as radiographic absorptiometry, single-energy x-ray absorptiometry, quantitative ultrasound,and
quantitative computed tomography. However, the most well-documented and proven method of
clinically measuring BMD derives from DXA as it provides the best predictor of osteoporosis and has
been repeatedly endorsed as the “gold standard” for osteoporosis screening and diagnosis [3]. DXA
measurements should be performed in the hip, femoral neck, and/or lumbar spine to achieve the
most accurate diagnosis. In patients over the age of 65, it is best for DXA to be performed at the
proximal femur area to counteract the bias that may arise from osteoarthritis of the column [50].
The actual execution of DXA takes only 3 to 7 minutes with a delivery of low effective radiation
doses ranging from 0.009-0.027 mSv; of note, the worldwide average effective dose from natural
background radiation is 2.4 mSv/year [51]. DXA utilizes a unique method that employs a high energy
and low energy beam for BMD measurement with the difference in soft-tissue and bone penetration
of these two energy beams leading to the BMD calculations [43]. Advantages of DXA in comparison
to other BMD measurement methods for the diagnosis of osteoporosis include its propensity for
more accurate identification of patients with fracture risk. This assertion is supported by the Study
of Osteoporosis Fractures (SOF) performed in the late 1980s where 9,704 white women aged 65 or
older were tested for abnormal BMD [52]. A follow-up study found that there was a strong
correlation between hip BMD and hip fracture risk prediction [52]. DXA has been endorsed by the
NOF and USPSTF as the most optimal method to measure BMD in patients with risk of osteoporosis.
To ensure proper measurements and data collection, it is imperative for DXA testing to be
performed by licensed and trained technicians with accurately working instruments and tools.
The most serious consequence of osteoporosis is the potential risk of fractures. An effective
fracture prediction tool would help reduce risk of future fracture in individuals as well as fracture
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related morbidity and mortality by early intervention with osteoporosis therapy. Prior osteoporotic
fracture is a strong predictor of subsequent fracture. In women ≥ 65 years who sustained a clinical
vertebral or nonvertebral fracture, cumulative risk of subsequent fracture was 10%, 18%, and 31%
at 1, 2, and 5 years after the first fracture, respectively [53]. The most well-known algorithmic tool
for fracture prediction is known as FRAX. FRAX primarily uses osteoporosis risk factors to predict
the 10-year probability of a major osteoporotic fracture (MOF) most commonly in the hip, vertebrae,
forearm/wrist, and/or proximal humerus [3]. According to the NOF, if a FRAX calculated 10-year risk
of MOF was greater than or equal to 20%, the patient is at high risk for fracture and prompt medical
attention is warranted. Furthermore, a 10-year hip fracture probability of 3% or greater should be
an indication for treatment intervention [54]. Clinical risk factors that FRAX utilizes consist of current
age, sex, a prior osteoporotic fracture (including clinical and asymptomatic vertebral fractures), a
history of parental hip fracture, femoral neck BMD, a low BMI (less than 21 kg/m2), oral
glucocorticoids greater than or equal to 5 mg/d of prednisone for >3 months, rheumatoid arthritis,
any secondary risk factors of osteoporosis (type I diabetes, chronic malnutrition, chronic liver
disease, osteogenetic imperfecta), history of smoking, and high alcohol intake (3 or more units per
day). Vertebral imaging also proves useful when utilizing FRAX to diagnose osteoporosis as vertebral
fractures can remain asymptomatic and undetected for long periods of time. It is important to
recognize that fracture probability varies greatly in different regions of the world due to differences
in fracture risk and mortality. These differences require the FRAX model to be calibrated to national
fracture and mortality rates in a respective country to define a unique intervention threshold
specific to the particular population [55].
However, the limitations of FRAX should not be overlooked. For a 30-year old patient at potential
risk of fracture, FRAX cannot be used to ascertain an accurate prediction of fracture risk because
the patient is outside of the optimal age range of 40 to 90 years. Fracture incidence varies between
ethnic groups; however, ethnicity is not a variable in the FRAX model. Ethnicity-specific FRAX models
are only available in the USA, South Africa and Singapore. Variations in ethnicity-specific risk often
exceed those in sex-specific risk; therefore, failure to calibrate for ethnicity in FRAX would have
greater adverse consequences than failure to calibrate for sex [56]. Moreover, FRAX is not validated
for use with total hip or lumbar spine BMD or for use with patients currently undergoing
osteoporosis treatment at the time of testing. Previous falls are not included as a risk factor for
fractures because the cohort data that FRAX was tested on was not suitable for analysis of falls.
There also has not been enough evidence to demonstrate that pharmacological intervention based
on previous fall history will reduce fracture risk. One final limitation that is unavoidable is the
constant changes in fracture rates and life expectancy which force all models, including FRAX, to
vary its components to better reflect new lifestyles. A systematic review and meta-analysis analyzed
the predictive accuracy of FRAX US intervention threshold (20% for MOF and 3% for hip fracture) in
detecting women at risk of fractures for treatment intervention. It was found that the FRAX US
intervention threshold has a low sensitivity in detecting women with risk of fractures (10.25% for
MOF and 45.7% for hip fracture, respectively) [57]. The Trabecular Bone Score (TBS) is a surrogate
of bone microarchitecture derived from lumbar spine DXA imaging and has been shown to be
predictive of fragility fracture independent of FRAX, clinical risk factors, and BMD. The use of TBSadjusted FRAX has been shown to be more accurate in predicting 10-year fracture probabilities than
the use of the FRAX tool alone [58]. The utility of TBS-adjusted FRAX was found to be greatest in
younger women (aged <65 years) whose FRAX calculated 10-year fracture probabilities are close to
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an intervention threshold. The calculation would aid in clinical decision making on whether
treatment is warranted or not [59, 60]. Besides utilizing the FRAX with or without TBS for
identification of candidates for pharmacological intervention, treatment decision making should
also be individualized to take into account other risk factors such as BMD values (i.e. T-score <-2),
risk of falls, diabetes, untreated primary ovarian insufficiency or early menopause, chronic kidney
disease, and family history of non-hip fragility fractures.
Osteoporosis diagnosis may also utilize recent advances in tools for more effective screening and
diagnosis: computed tomography (CT) scans can overcome the limitations and weaknesses of
methods like DXA and FRAX. The multidetector CT scan most commonly and effectively used in
osteoporosis diagnosis is volumetric quantitative CT (vQCT) [61]. This mode of imaging produces
three-dimensional images allowing for separate analysis of trabecular and cortical bone. This is one
of the advantages of CT scans over tools like DXA as two-dimensional single slice applications are
upgraded to three-dimensional products. vQCT analyzes the spine, hip, forearm, and tibia using
whole body clinical and separate peripheral scanners. Slice thickness of vQCT usually is greater than
1mm with the plane pixel size being greater than x 0.3 mm2 [62]. Recent advances in vQCT have
stemmed from the original measurement of QCT of trabecular BMD from single transverse slice.
Three-dimensional data from vQCT have raised new questions and concerns about reliability of
certain aspects of vQCT scans: specifically, the location of volume of interest (VOI) of longitudinal
scans. Recent advances have suggested follow-up scans or the repositioning of VOI relative to a
coordinate system(s). vQCT can also predict and determine fracture risk by evaluating geometrical
parameters such as cross-sectional areas of the spine and the hip. A study that utilized crosssectional vQCTs determined that the cross-sectional area of women increases at a slower rate than
that of men and bone mass loss occurs at a more rapid pace. The resulting breakthroughs in this
study may provide additional insights into the roles of cross-sectional vQCTs in fracture risk
predictors and may allow for a more nuanced understanding into osteoporosis and fracture risk.
vQCT scans also provide valuable information regarding the extent to which ethnicity affects
fracture risk. By also utilizing cross-sectional vQCTs, the Osteoporosis Fractures in Men Study (MrOS)
[63] found that cross-sectional areas of the femoral neck and shaft can grow and/or thin as a patient
ages. Ethnic variability exists with increased femoral neck and lumbar spine volumetric BMD and
decreased cross-sectional areas differing in African Americans. Results that explain ethnic
differences originating from the power of vQCT can provide fascinating epidemiological knowledge
and add to the knowledge of osteoporosis. In general, advances in vQCT prove advantageous over
other methods of screening and diagnosis for osteoporosis in that data is more precise and readily
available for observation and analysis; however, a lack of commonality and accessibility of vQCT
persists.
5. Treatment
Osteoporosis therapies should have the following goals: the reduction of risk or complete
prevention of future fractures, the maintaining of quality of life and general lifestyle, and the
relieving of pain and symptoms of skeletal deformity. Osteoporosis treatment can be categorized
into either pharmacological or non-pharmacological therapies. This section will outline current
treatments options for males and females, present concerns in special population groups, and
highlight current research advances and future research direction in osteoporosis therapy.
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Non-pharmacological therapy consists of maintaining a healthy quality of life to prevent
osteoporosis. First, it is highly recommended to achieve adequate calcium and vitamin D intake and
supplementation. Studies have shown that in recent years, the rate of calcium and vitamin D
deficiency in the adult population has increased at an alarming pace in part due to lactose and other
intolerances in adults [64]. Moreover, the Institute of Medicine (IOM) recommends that for men
50-70 years of age, daily calcium intake should range up to 1000 mg. For women 51 years or older
and men 71 years or older, daily calcium intake should range upto 1200 mg [4]. An inadequate
calcium intake warrants calcium supplementation. Supplements like calcium carbonate and calcium
citrate can be taken daily to maintain healthy bone mass, but excessive or improper dosage can
prove harmful as calcium carbonate can result in bloating and gas. Vitamin D also plays a vital role
in maintaining healthy bone status, regulating calcium metabolism and absorption, and reducing
fracture risk. The IOM recommends that for men and women aged 51-70 years of age, daily vitamin
D intake shouldrange up to 600 IU. For men and women aged over 70, daily vitamin D intake should
range up to 800 IU [4]. For patients with insufficient vitamin D intake due to lack of dairy
consumption or sun exposure, daily vitamin D intake should range from 1200-2000 IU [4]. Excessive
vitamin D intake can result in adverse consequences such as kidney stones and hypercalcemia [65].
Proper exercise and physical activity are other proven non-pharmacological methods for
osteoporosis management. Daily physical activity can prove effective in slowing down BMD loss as
one ages [66]. An example of adequate physical activity is a walking session of 30 to 40 minutes
which is helpful in maintaining BMD, balance, and prevention of fracture risk [3]. Strength of hand
grip has been associated with radius BMD [67]. Similarly, lumbar spine BMD was found to be
associated with back strength [68]. Hence, it is evident that a healthy daily physical activity does
have lasting impact on osteoporosis prevention.
For patients with low bone mass or osteoporosis who regularly consume an excessive amount of
alcohol, this intake must be cut sharply to preserve bone health and lessen risk of fracture. Data
from Kanis et al. have shown that alcohol intake above 2 units daily was associated with an increased
risk of any osteoporotic fracture (risk ratio [RR] = 1.38; 95% CI, 1.16-1.65) and hip fracture risk ratio
(RR = 1.68; 95% CI, 1.19-2.36) [69]. Patients with osteoporosis should consider limiting alcohol
consumption to no more than 7 drinks per week that encompass wine, liquor, and beer.
Pharmacological therapy can be categorized into two main types: antiresorptive and anabolic.
One of the most common antiresorptive agents are bisphosphonates. These are synthetic
compounds that primarily inhibit osteoclast resorption and activation along with any potential
calcification on the bone [3]. Bisphosphonates have been recommended as first-line osteoporosis
treatment by most osteoporosis societies. Bisphosphonates can result in a 70% reduction in
vertebral fractures and 40% to 50% reduction in hip fractures [70]. Bisphosphonates include
alendronate (Binosto, Fosamax), ibandronate (Boniva), risedronate (Actonel, Atelvia) and zoledronic
acid (Reclast, Zometa). Risedronate reduces both hip and vertebral fractures in a wide range of
postmenopausal osteoporotic women. A study performed by Ringe et al. analyzed the effects of
risedronate in a sample size of 580 men with both primary and secondary osteoporosis [71]. The
study concluded that risedronate in males significantly increased BMD in the lumbar spine area
(average of 4.7%), hip (average of 2.7%), and femoral neck area (average of 1.8%) compared with
the control [71]. In addition, risedronate (oral, given weekly or monthly) was associated with a 36%
risk reduction in vertebral fracture, 26% in hip fracture, and 20% in non-vertebral fracture [72].
Alendronate (5-10 mg daily dose) has been tested as a selective inhibitor of bone resorption and
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was found to increase lumbar spine and total hip BMD by 4% and 7%, respectively, after 2 years of
therapy [6]. Alendronate (oral, given weekly) was associated with a 44% risk reduction in vertebral
fracture, 40% in hip fracture, and 17% in non-vertebral fracture [72]. As with most bisphosphonates,
alendronate is suitable in postmenopausal women with osteoporosis, women <60 years of age with
osteopenia, and women who have already suffered from an osteoporosis-induced fracture [6]. The
Endocrine Society 2012 guidelines recommend that generic alendronate should be initiated for
most men who are candidates for pharmacological therapy due to increased fracture risk since there
has been extensive experience established regarding its use as well as its availability at a low cost
[48]. Ibandronate (oral, given monthly; Intravenous, given quarterly) was associated with a 31% risk
reduction in vertebral fracture [72]; however, there has been no definitive evidence presented that
ibandronate has a significant alleviating effect on non-vertebral fracture risk or hip fractures thus it
is not a first-choice bisphosphonate option. Zoledronic acid (Intravenous, given annually) was
associated with a 56% risk reduction in vertebral fracture, 42% in hip fracture, and 18% in nonvertebral fracture [72]. Although Zoledronic acid is not recommended as a first choice
bisphosphonates, it is considered a first-line therapy in the following four subgroups: 1-secondary
prophylaxis of hip fractures, 2-men with peptic ulcer disease, gastroesophageal reflux,
malabsorption syndromes, cognitive dysfunction of different etiologies, and noncompliance with
oral agents; 3- men with nonmetastatic prostate cancer; and 4-HIV-infected patients [73]. In general,
bisphosphonates are an excellent option for osteoporosis treatment given their well-tested nature
and rate of success in a wide range of patients.
Denosumab is another option for therapy that is classified as a human monoclonal antibody that
inhibits RANKL. This agent is used for preventing fractures in patients with a high or abnormally high
fracture risk (including postmenopausal women) or patients who have failed or are intolerant to
other available osteoporosis therapies. Denosumab, derived from cDNA sequencing research on
fetal rat intestine by Amgen in 2000, is a relatively new medication for the treatment of osteoporosis
and glucocorticoid-induced osteoporosis [70]. One of the most influential trials that tested the
effectiveness of denosumab was the FREEDOM trial [74] which studied 7,868 postmenopausal
women with osteoporosis between the ages of 60 to 90 years and administered 60 mg of either
denosumab or placebo. Results indicated that denosumab was associated with a 68% and 39%
reduction in vertebral and hip fractures, respectively. It is evident that denosumab is an effective
medication for osteoporosis due to the reduction of vertebral, nonvertebral, and hip fractures.
A somewhat outdated therapy for osteoporosis treatment involves calcitonin. Calcitonin is a
polypeptide hormone that specifically targets osteoclasts by binding them and thus preventing their
proper functioning. Primarily, it is used for the prevention of vertebral fractures in postmenopausal
women. Data on calcitonin effectiveness showed daily doses of 200 IU in one study resulting in a
33% of reduction in vertebral fractures [4]. It is approved by the FDA for managing women who are
at least 5 years postmenopausal and those in who other alternatives therapies are contraindicated.
Primarily, calcitonin is administered in an intranasal preparation (200 IU daily, one spray per nostril).
However, its usage has significantly declined in the last number of years due to being less effective
in reducing fractures compared to other medications, its potentially increased cancer risk, and side
effects including skin rashes, nosebleeds, and nausea/vomiting.
Teriparatide is an anabolic agent approved for use in postmenopausal women with osteoporosis
who have not responded well to other forms of therapies or have a much higher risk of fractures
[3]. Specifically, teriparatide is used to increase BMD and bone strength which is the most effective
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method to decrease elevated vertebral and hip fracture risk. Teriparatide can be used in both men
and women to treat glucocorticoid-induced osteoporosis as well. However, the aforementioned
drugs do have their limitations. Teriparatide has been linked to osteosarcoma in rodent trials [70],
which leads to caution and limitation regarding its usage. Since patients who have had prior
radiation therapy have an increased risk of developing a radiogenic second malignant neoplasm,
including osteosarcoma [75, 76], Teriparatide should not be prescribed to those who have had prior
external beam or implant radiation therapy [77].
Bone loss along with a raised fracture risk has been linked to hormonal deficiencies in both men
and women. It is for this reason that hormonal therapy targeting estrogen, in women, and
testosterone, in men, has been approved as an effective treatment for osteoporosis. In
postmenopausal women with estrogen deficiency, estrogen therapy has been noted to be one of
the most potent osteoporosis therapies [6]. Estrogen therapy functions through its antiresorptive
properties preventing bone resorption and restoring bone remodeling which serves to reduce the
risk of vertebral and hip fractures. The Woman’s Health Initiative (WHI) can be regarded as the most
authentic randomized clinical trial on the effect of estrogen therapy on postmenopausal women.
The WHI Hormone Therapy (HT) trial recruited 16,608 postmenopausal women from the ages of 50
to 79 years, and tested dosages of conjugated equine estrogen (CEE, 0.625 mg/d) paired with
medroxyprogesterone acetate (MPA, 2.5 mg/d), or CEE alone vs. placebo [78]. Researchers found
that CEE+MPA was associated with a 34% reduction in hip and clinical vertebral fractures, and a 24%
reduction in total osteoporotic fracture [78]. CEE alone was associated with a 39% reduction in hip
fractures, 38% in vertebral fractures, and 30% in total fracture [79]. An additional study also showed
that oral estrogen (1500 mg/day) corresponded with a 10.6% increase in vertebral BMD, and a 5.5%
increase in femoral neck BMD in postmenopausal women [80]. In addition, ultra-low dosages of
estrogen may also help in preventing BMD loss in postmenopausal women. A study by Ettinger et
al. showed that dosages of 0.014 mg/d 17β-Estradiol resulted in an increase of 2.6% in lumbar spine
BMD and a 0.4% increase in total hip BMD [81]. It is evident that estrogen is effective in improving
BMD and reducing risk of fractures; however, the initial safety report from the WHI HT trials
published in 2002 [82] and 2004 [79] included an increased risk in coronary heart disease (CHD),
stroke, venous thromboembolism (VTE), and a heightened adverse probability of invasive breast
cancer. This led to a paradigm shift in HT practice and downgraded estrogen therapy or HT to
second-line osteoporosis therapy for postmenopausal women. It is worth noting the limitations of
the WHI-HT studies which only studied two hormonal formulations (CEE alone and CEE+MPA), one
dosage, and one mode of delivery of estrogen. Moreover, multiple reanalysis of the WHI data
stratified women by age and time since onset of menopause with accumulative follow-up reports
confirming a “timing hypothesis” suggesting that the benefit of HT outweighs the risk in young
postmenopausal women (aged 50-59) [83]. Therefore, HT should not be omitted from the
osteoporosis management toolbox and can be considered first-line therapy in special group of
women (POI, early menopause, <10 years of menopause with coexisting bothersome vasomotor
symptoms) without contraindications.
Selective estrogen receptor modulators (SERMs) are another option for the prevention and
treatment of osteoporosis in postmenopausal women. SERMs are a unique type of hormonal
compound purposefully designed to act as estrogen antagonistsand agonists in various types of
tissues through their interactions with intracellular endoplasmic reticulums [4, 84]. The main type
of SERM is raloxifene which can act as both estrogen antagonist and agonist. As with other
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antiresorptive agents, raloxifene decreases bone resorption and turnover thus increasing BMD [4]
with its antagonist properties affecting breast and uterine tissue. Raloxifene has been approved by
the FDA for osteoporosis treatment and prevention in the form of Evista. The definitive study to
evaluate raloxifene comes from the Multiple Outcomes of Raloxifene Evaluation (MORE) study
which involved 7,705 postmenopausal women from the ages of 31 to 80 years, all-in-all lasting
about 6 years for a complete analysis and evaluation [85]. Either 60 mg/d or 120 mg/d dosages of
raloxifene was administered to patients along with the typical placebo and additional dosages of
calcium and cholecalciferol [85]. Results of the MORE study indicated that vertebral fracture risk
was reduced (relative risk [RR] = 0.7), BMD in the femoral neck area was increased by about 2.1%
for the 60 mg/d dosage and 2.4% for the 120 mg/d dosage, and frequency of vertebral fractures
was also reduced [85]. Although in the MORE study, raloxifene was shown to increase BMD and
reduce vertebral fractures, it should be avoided in premenopausal women, who are pregnant, or
postmenopausal women who have a history of venous thromboembolism (VTE) [4]. Other types of
SERMs, such as tamoxifen and toremifene initially designed to treat advanced breast cancer have
also been demonstrated to have beneficial effects on BMD in postmenopausal women; however,
increased risks of cancer such as endometrial cancer with tamoxifen, and hot flashes and sweating
as a result of toremifene dosages [84] make these two drugs highly implausible for HT-based
osteoporosis treatment. In general, SERMs are less effective than estrogen for osteoporosis
prevention and treatment making them a second-line option for HT-based osteoporosis treatments.
Hormonal therapy in men is targeted towards those with hypogonadal osteoporosis.
Hypogonadism is a condition where males during puberty do not produce enough of the primary
sex hormone, testosterone. This is the most common secondary cause of osteoporosis in men.
Hypogonadism correlates with low BMD from an early age leading to an increased risk of fracture.
Many studies have attempted to evaluate effects of testosterone therapy on men with osteoporosis.
First, a study by Behre et al. studied 72 patients ranging from 18 to 74 years of age all of whom had
various types of hypogonadism including primary hypogonadism, secondary hypogonadism,
Klinefelter’s syndrome and idiopathic hypogonadotropic hypogonadism, etc [86]. Exogenous
testosterone was administered orally, transdermally, or by intramuscular injection [86]. Snyder et
al. reported that volumetric BMD (vBMD) and bone strength obtained through QCT along with area
BMD assessed by DXA uniformly increased in the trabecular and peripheral bone of the spine and
hip through 12 months of testosterone substitution treatment in older men (aged 65 years or older)
with low serum testosterone (<275 ng/L) [87]. In addition, there existed a significant correlation
between serum levels of testosterone and BMD such that patients with the lowest initial BMD
measurements had the most drastic increase in BMD while taking testosterone treatment. A
randomized study found that out of a sample size of 48 men over the ages of 60 years with
testosterone deficiency (serum testosterone levels <320 ng/dL), testosterone therapy for 12
months resulted in a significant increase in lumbar spine BMD (1.198 ± 0.153 to 1.240 ± 0.141 g/cm2)
[88]. Another RCT reported that long-acting testosterone therapy for 3 years in middle-aged men
with late-onset hypogonadism (testosterone <320 ng/dL) significantly increased spine and femoral
BMD [89]. It is evident that testosterone therapy in hypogonadal, testosterone-deficient men has
the potential to be a highly effective tool for osteoporosis prevention and treatment; however, the
anti-fracture effect of testosterone in symptomatic hypogonadal men with low bone mass or
osteoporosis remains unclear. The Endocrine Society has recommended testosterone therapy in
men with symptomatic androgen deficiency (serum testosterone concentration <200 ng/dL) to
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improve sexual function, sense of well-being and BMD [90]. The Endocrine Society also recommends
combination treatment with an agent with proven antifracture efficacy such as bisphosphonate and
teriparatide for hypogonadal men who have a high fracture risk [48]. Patients should be monitored
every 3 to 6 months after initiation of replacement therapy and annually thereafter [90].
6. Advances and Future Research Direction
As more treatments are being developed, tested, and approved for the prevention and
treatment of osteoporosis, researchers continue to search for a more optimal osteoporosis therapy.
Ever since the development and utilization of the drug denosumab, analysis on bone cells and
diseases (specifically, research on the osteoclast) has resulted in emerging drugs that may prove
more effective with significantly less negative side effects and perhaps provide amore cost-effective
approach to osteoporosis prevention and treatment. This section will summarize, review, and
analyze all major updates in advances and research particularly special patient populations of
concern, and prospective future research directions.
Romosozumab, sold under the brand name Evenity, was recently approved by the FDA in 2019
for the treatment of osteoporosis in postmenopausal women at very high risk of fracture for up to
1 year; however, women with high risk for CVD and stroke are not candidates for therapy [91].
Romosozumab is a monoclonal antibody that inhibits the protein sclerostin thereby limiting its
ability to inhibit bone formation [4]. A FRAME clinical Phase 3 trial tested the effectiveness of
romosozumab (210 mg, subcutaneously, then 60 mg biannually for 1 year) on vertebral fractures in
7,180 postmenopausal women whose T-scores were between -2.5 and -3.5 [92]. Results showed
that romosozumab reduced vertebral fractures by 73% by the end of the 12-month study period
[92]. It must be noted that the FDA had initially rejected romosozumab as an osteoporosis therapy
agent due to safety concerns; specifically, reactions at the subcutaneous injection site, jaw
osteonecrosis, and abnormal femoral fractures. Nevertheless, the recent FDA approval of
romosozumab for a specific and high-risk group signals potential value and effectiveness towards
osteoporosis treatment, although patients should still be wary of side effects like sudden cardiac
arrest and stroke.
Odanacatib is a new drug that selectively inhibits the activity of the enzyme Cathepsin-K, a
lysosomal protease that degrades type I collagen in bones. Odanacatib was regarded as a fascinating
development for osteoporosis treatment because inhibiting CatK activity could decrease bone
resorption without decreasing bone formation [4]. Additionally, odanacatib could selectively inhibit
the cathepsins B, S, and L to avoid any negative side effects such as inflammation and skin reactions.
Odanacatib can be administered orally once per week along with adequate vitamin D3 and calcium
intake. The leading and most well-known study on the effectiveness of odanacatib on fractures was
the Long Term Odanacatib Fracture Trial (LOFT). In this phase III trial, a total of 16,713 postmenopausal women were randomized at 387 centers to 50 mg/day of odanacatib, once per week
or a matching placebo. Participants had T-scores ≤ -2.5 at the total hip or femoral neck or a prior
radiographic vertebral fracture and a T-score ≤ -1.5 at the total hip or femoral neck [93]. Results
were taken after 6 and 12 months following the base study closeout. Subsequently 8,256
participants entered the study extension with a plan to take odanacatib for up to 5 years [93].
Regarding radiographic vertebral fractures in the odanacatib group vs. the placebo group, 3.7% (251)
of participants taking odanacatib experienced a vertebral fracture compared to 7.8% of placebo
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participants [4]. Radiographic vertebral fractures for LOFT plus LOFT extension can be summarized
as having a significantly lower incidence of fractures in the odanacatib group compared to placebo,
with 4.9% (341/6909) of odanacatib participants along with 1.1% (86/8043) during the extension
suffering continued hip fractures and 6.4% (512/8043) suffering any other non-vertebral fracture.
In 2016, Merck subsequently discontinued production and testing of odanacatib due to risk of stroke,
cardiovascular death, and myocardial infarction [4].
Abaloparatide is a subset of a parathyroid hormone-related protein (PTHrP) that is primarily used
to treat and prevent osteoporosis. PTH regularly acts as an endocrine regulator of calcium, but
PTHrP functions as a mediator of endochondral bone development [94]. Somewhat similar to
odanacatib, PTHrP could increase bone formation and enhance BMD growth without subsequently
stimulating bone resorption [94]. In one study, spineBMD rapidly increased 6% to 8% after 3 months
of continual dosages of abaloparatide [95]. The Abaloparatide Comparator Trial In Vertebral
Endpoints (ACTIVE) was a phase III clinical trial that assessed the change in incidence of vertebral
fractures as well as any discrepancy in BMD in 2,463 women (mean age of 69 years) with T-scores
between -2.5 and -5.0 at the lumbar spine or femoral neck from March 2011 to October 2014 across
28 sites in 10 countries [96, 97]. Abaloparatide was administered via daily subcutaneous injections
of 80 μg/day and resulted in a 12.5%increase in lumbar spine BMD, a 4.8% increase in femoral neck
BMD, and a 4.4% increase in total hip BMD [96]. In all,vertebral fracture rate decreased by a total of
86% [70]. Abaloparatide was approved by the FDA in 2017 in the form of a 1.56 mL prefilled pen and
was an exciting and novel option for osteoporosis therapy.
Osteoporosis is not only limited to postmenopausal women. Osteoporosis especially affects the
livelihood of nursing home residents. Fractures occur at a rate of >10 per 100 nursing home
residents per year while 25-hydroxy vitamin D levels are deficient (<20 ng/mL) in 60% of residents
[98]. What is especially concerning is that many osteoporosis therapies and preventions are
underutilized in the nursing home resident population. According to the Systematic Assessment of
Geriatric Drug Use via Epidemiology database, only 25% of nursing home residents with
osteoporosis received anti-osteoporosis drugs [99]. A study by Colon-Emeric et al. reported that out
of 895 residents investigated throughout 67 study facilities, the frequency of bisphosphonates
prescribed was 19% and of calcitonins was 14% [98]. All other osteoporosis medications, aside from
the above, calcium and vitamin D, were administered to only less than 5% of the cohort [98]. The
complexities of nursing homes are great, but given the expected increase in the aging population,
osteoporosis therapy will be urgently needed.
More awareness of osteoporosis prevention and treatment in women with breast cancer is
needed. Women with breast cancer can be at higher risk for osteoporosis than postmenopausal
women without breast cancer since aromatase inhibitors, chemotherapy-induced ovarian failure
and gonadotropin-releasing hormone antagonists all can decrease estrogen levels in women
receiving breast cancer treatment. Breast cancer can also increase osteoclast activity and adversely
affect BMD [100]. Treatment is more challenging in this population because estrogen therapy for
osteoporosis is contraindicated, and other agents such as tamoxifen may decrease BMD or increase
fractures. The key to osteoporosis therapy in women with breast cancer may lie with the oral
bisphosphonates, zoledronic acid, or denosumab, which could increase BMD in the lumbar spine
and the femoral neck. Women with breast cancer should receive 1000-1200 mg/day of calcium
(including dietary sources) and 800-1000 IU/day of vitamin D3. BMD should be monitored every two
years [101].
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In addition to new advances in the prevention and treatment of osteoporosis, it is important to
analyze the future direction in which treatment could be headed. The following section will
summarize a variety of research directions in the field of osteoporosis prevention and treatment,
expand on previous evaluations of drugs and introduce novel and ground-breaking therapies and
ideas.
The area of genomics is one that could prove to be useful. Classic examples of genomics in
osteoporosis treatment comes from Wnt signaling and sclerostin, where inhibiting sclerostin and
preventing it from functioning could potentially be effective in increasing BMD and reducing
vertebral fractures. However, new studies in the field of genomics have shown that research targets
such as LRP4, LRP5/6, WNT16, NOTUM, and others could have a similar inhibitory effect on Wnt
signaling as drugs that target sclerostin [102]. NOTUM is a lipase that inhibits Wnt activity through
removal of the palmitoleic acid group and in some studies has been tested on laboratory mice
demonstrating an increase in cortical BMD and strength. Tools to advance genomics research
involve the novel technology CRISPR along with exome, RNA and/or whole genome sequencing
[102]. Steps have been taken to understand how genomics can be utilized to treat osteoporosis. The
International Bone and Mineral Society has begun to create a detailed skeletal database that would
provide valuable information on how genomes can affect BMD, bone strength, and bone mass [102].
Genomics is a fascinating new direction that could be incredibly beneficial towards further attempts
to treat and prevent osteoporosis.
Research has shown that combining antiresorptive drugs could potentially be another approach
in effectively treating osteoporosis but may be associated with an adynamic state or “frozen bone”
[103-105]. Research into either sequential or combining one antiresorptive agent with a PTH analog
has yielded hopeful results. The PATH randomized study examined postmenopausal osteoporotic
women who took a combination of PTH (1-84) and alendronate for 2 years or PTH for 1 year followed
by alendronate for 1 year. The sequential regimen resulted in a significantly higher BMD increase
(12.1%) in lumbar spine and volumetric BMD in trabecular bone compared to the combination
regimen. In the second year, women in the PTH-alendronate sequential regimen gained significant
BMD at the spine (4.9%) and hip (3.6%) [106]. While an anabolic agent teriparatide increases spine
BMD more than antiresorptive agent zoledronic acid (ZA) and ZA increases hip BMD more than
teriparatide, combining ZA with teriparatide resulted in the largest, most rapid increments in spine
and total hip BMD than each agent alone over 1 year of treatment of postmenopausal osteoporosis
[107]. According to the DATA Extension Study [108] conducted in postmenopausal women with
osteoporosis, combining an antiresorptive agent denosumab with teriparatide for 2 years resulted
in the highest increase (12.9 ± 5.0%) in lumbar spine BMD than either denosumab (8.3 ± 3.4%, P
= .008) or teriparatide (9.5 ± 5.9%, P = .01) alone. Femoral neck BMD and total hip BMD also
increased more in the combination group than either agent alone. The radius along with tibia
cortical volumetric BMD, cortical thickness, and bone strength all increased on a greater scale than
did the two monotherapies [108]. The higher effectiveness of this combination therapy could be
explained by the ability of denosumab to inhibit teriparatide’s pro-resorptive effects while also
allowing teriparatide to enhance bone formation. Overall, two out of the three of these anabolic
and antiresorptive agent combinations (compared to monotherapy) resulted in about the same or
a significantly higher total hip BMD gain. Why this is considered a future research direction is the
overall unknown nature of this avenue of work, the lack of legitimate fracture data and potential
adverse side effects.
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The relationship between the intestinal tract, micro and probiotics, and bone health has been
further revealed and understood [109] through previous studies and research. In a study by Sjogren
et al. on laboratory mice, gut microbiota was revealed to play a major role in improving bone health
by directly reducing osteoclasts and CD4(+) T-cells in the bone [110]. The effect of gut and intestine
microbiota does havecontroversy and uncertainty, as some research has shown there was not a
difference in BMD between standard mice and mice with gut microbiota, and that acute
colonization of gut microbiota can sharply decrease BMD [111]. Adding probiotic bacteria to the
already existing intestinal and gut microbiota may become a more effective bacteria-based
osteoporosis prevention and treatment strategy. A study performed by McCabe etal. tested the
effectiveness of L. reuteri ATCC 6475, administered to adult, pathogen-free male mice. Results
indicated that oral administration of the probiotic L. reuteri ATCC 6475 resulted in a variety of bone
health benefits such as increased femoral and trabecular BMD, trabecular number and thickness,
and bone minerals itself in the male mice [111] which can be explained by an increase in osteoblasts
and bone formation. Although L. reuteri did not have any conclusive data on its beneficial effect on
bone formation, the results above do show that this specific probiotic can positively increase BMD.
Various other studies that tested the effectiveness of other probiotics have also been conducted.
For instance, probiotic Bifidobacterium longum (ATCC 15707) has been demonstrated to increase
essential bone minerals like calcium, phosphorus, and magnesium in the tibia in mice compared to
conventional, untreated mice. The probiotic Lactobacillus rhamnosus (HN001) in rats also increased
calcium and magnesium retention [111]. Although quantitative data have been collected on the
effectiveness and beneficial effects of probiotics on bone health, future research lies in the exact
qualities of probiotics, the secretion of peptides, increase in mucus production, and the immune
system as those are responsible for the improvement of bone health. Additionally, studies need to
be developed to test probiotics on humans which is an unlikely yet still potential prospect.
7. Conclusion
The impacts of osteoporosis on the worldwide population cannot be denied. Given the common
risk factors such as age, nutrition, menopausal status, and how pervasive the economic and physical
burdens of osteoporosis are, it is important to gain clarity and understanding in osteoporosis
screening and diagnosis. While a number of non-pharmacological and pharmacological osteoporosis
treatments have been approved for use, it is expected that many new advances and drug
developments will be included in the growing toolbox of osteoporosis prevention and treatment in
the near future.
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