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Abstract
Osteoporosis is a disabling disease with a significant impact on the global population, particularly among 
older men and postmenopausal women. Several factors contribute to the increasing prevalence of 
osteoporosis, including greater life expectancy and the absence of symptoms in its early stages. The 
morbidity, mortality, and substantial economic burden associated with osteoporosis, especially due to hip 
fractures and related complications, constitute a major public health concern. Diagnosis should involve a 
comprehensive biochemical profile, along with additional tests to rule out secondary causes, which are 
often underdiagnosed and can influence the progression of the disease. Preventive measures and early 
diagnosis are essential to maintaining bone health and preventing fractures and disability. This review will 
focus on the definition, diagnostic approach, and key considerations prior to initiating treatment in patients 
with osteoporosis. Fracture risk prediction tools, including Fracture Risk Assessment Tool (FRAX), and 
treatment strategies are not addressed, as this review focuses on the appropriate diagnostic evaluation of 
osteoporosis and the systematic exclusion of secondary causes.
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Introduction
Osteoporosis (OP) is a highly prevalent disease worldwide, characterized by increased bone fragility and 
alterations in bone microarchitecture, leading to low-impact fractures that significantly affect the physical, 
emotional, and social well-being of patients. The silent and progressive nature of OP highlights the 
importance of prevention and early diagnosis, for which a comprehensive evaluation is essential in the 
clinical assessment of OP, considering not only bone densitometry scores, but also factors related to bone 
loss [1, 2]. Several metabolic disorders can lead to reduced bone mass independent of OP and should be 
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identified before initiating therapy. Failure to correct vitamin D deficiency and the underdiagnosis of 
comorbidities, particularly endocrinopathies, are common clinical oversights [1]. Moreover, concomitant 
medications should be carefully reviewed to prevent adverse pharmacological interactions. Ultimately, 
ensuring the accuracy and reliability of dual-energy X-ray absorptiometry (DXA) scans is fundamental for 
appropriate diagnosis, risk stratification, and treatment monitoring. Properly performed and interpreted 
DXA assessments not only guide clinical decision-making but also play a pivotal role in preventing 
fractures, reducing healthcare costs, and improving long-term patient outcomes [3, 4].

Epidemiology
OP is a major global health issue due to its high prevalence and serious complications. Because the disease 
remains asymptomatic until fractures occur, diagnosis is often delayed, and the resulting fragility fractures 
severely affect mobility, independence, and quality of life. With global life expectancy increasing, both OP 
and fracture rates continue to rise, posing a growing public health burden [2, 5].

Approximately 200 million people worldwide are affected, and prevalence has risen markedly in recent 
decades [1]. The International Osteoporosis Foundation (IOF) estimates that one in three women and one 
in five men over the age of 50 will experience an osteoporotic fracture [6–9]. In the United States, Naso et al. 
[10] reported increasing OP prevalence, particularly among females and non-Hispanic white individuals; 
notably, 69.12% of cases were undiagnosed, especially in men (86.88%) and individuals aged 50–59 years 
(84.77%). Global prevalence ranges from 18.3% (95% CI: 16.2–20.7) to 19.7% (95% CI: 18.0–21.4) [11, 12]. 
About 30% of postmenopausal U.S. women are affected, and 40% of them sustain fragility fractures, with a 
global prevalence estimated at 23.1% [11]. Rates are higher in developing than in developed countries 
(22.1% vs. 14.5%), likely due to nutritional deficiencies, limited healthcare access, and delayed diagnosis 
[12]. Reported prevalence varies widely, as described by Salari et al. [11], who found considerable 
geographic variation in OP rates among women. These differences likely reflect disparities in diagnostic 
criteria, population demographics, and environmental as well as socioeconomic factors influencing bone 
health [11].

Hip fractures are the most serious consequence, with 20–40% mortality within a year and a 10% risk 
of contralateral fracture in survivors [1, 13]. Furthermore, a 10% reduction in bone mass at the hip is 
associated with a 2.5-fold increase in the risk of hip fractures [14]. Notably, 23% of recurrent hip fractures 
occur during the first year [15]. Vertebral fractures are most frequent yet underdiagnosed, with about 70% 
going unrecognized, particularly in older individuals with degenerative conditions and chronic pain [16–
19]. The estimated proportion of undiagnosed vertebral fractures reaches 46% in Latin America, 45% in 
North America and 29% in Europe, South Africa and Australia [20]. Patients with a history of vertebral 
fracture have a 2.3-fold increased risk of subsequent hip fracture and a 1.4-fold increased risk of distal 
forearm fracture [21]. Wrist fractures, often the earliest indicator of low bone mass, mainly affect women 
over 65 years [22, 23]. Only 15% of wrist fractures occur in men, with little increase in incidence observed 
with advancing age [23]. In Europe, the annual incidence of distal forearm fractures has been estimated at 
1.7 and 7.3 per 1,000 person-years for males and females, respectively [24]. By 2030–2034, OP is projected 
to affect 263.2 million people (154.4 million women and 108.8 million men), underscoring the importance 
of early detection and prevention, particularly among women [25].

Definition and classification of OP
OP is a disease characterized by reduced bone mass and structural deterioration of bone tissue, leading to 
increased susceptibility to fractures [26]. This definition emphasizes the alteration of bone integrity, which 
is determined by two key factors: bone quantity and bone quality.

Bone quantity generally refers to the total volume of mineralized bone tissue and is often equated with 
bone mass, both of which are important predictors of fracture risk. Bone mass denotes the overall weight of 
bone tissue, encompassing both mineral components and the organic matrix. It is typically measured using 
DXA, which provides a two-dimensional assessment but does not capture detailed information about bone 
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microarchitecture. In contrast, bone quantity is evaluated using imaging techniques such as quantitative 
computed tomography (QCT), magnetic resonance imaging (MRI), or histomorphometry. These methods 
measure parameters including bone volume, thickness, and geometric structure, offering valuable insight 
into the three-dimensional quality and microstructural properties of bone [27–30].

Bone mineral density (BMD) and bone mineral content (BMC) are important indicators used to 
evaluate bone integrity. BMD refers to the concentration of mineral matter, primarily calcium and 
phosphate, within a specified area or volume of bone, whereas BMC describes the total amount of mineral 
present in a particular bone segment, reflecting both mineral density and bone size. BMD is commonly 
measured in two ways: areal BMD (aBMD), which is a two-dimensional value obtained through DXA and 
calculated by dividing BMC by the projected bone area, expressed in grams per square centimeter (g/cm2); 
and volumetric BMD (vBMD), which refers to the amount of mineral content per unit volume of bone tissue, 
representing the actual three-dimensional mineral density of bone tissue, measured in milligrams per cubic 
centimeter (mg/cm3), typically assessed by QCT, allowing distinction between trabecular and cortical bone 
compartments. The volumetric measure provides a more precise assessment of bone density by accounting 
for bone volume [31–34] (Table 1).

Table 1. Definitions related to bone mass.

Parameter Definition Unit

Bone mineral 
density (BMD)

Reflects the total amount of minerals within a specific volume or area of bone tissue, serving as a 
key indicator of bone strength and structural integrity. Commonly measured by DXA.

g/cm2

Bone mineral 
content (BMC)

Represents the total amount of mineral contained within a specific segment of bone, thus 
reflecting the absolute quantity of mineralized bone, serving as an indicator of bone strength and 
mass.

g

Areal BMD 
(aBMD)

A measure of the concentration of mineral content within a defined two-dimensional area of bone, 
widely used clinically to assess bone strength and fracture risk. Calculated by dividing the BMC by 
the two-dimensional projected bone area.

g/cm2

Volumetric BMD 
(vBMD)

Represents the three-dimensional mineral density of bone tissue, enabling differentiation between 
trabecular and cortical bone compartments.

mg/cm3

DXA: dual-energy X-ray absorptiometry.

BMD and BMC are among the most widely used metrics to assess bone mass. BMD is considered the 
gold standard for evaluating bone status in adults due to its strong correlation with fracture risk, whereas 
BMC is particularly valuable for monitoring bone growth in children or when assessing bone mass 
independent of bone size [35–37]. The term bone quality refers to characteristics of bone that contribute to 
its strength and resistance to fractures, beyond what is captured by BMD alone. These characteristics 
include bone microarchitecture, degree of mineralization, bone matrix composition (including collagen 
quality and mineral crystal size), accumulation of microdamage, and bone turnover rates [38–40] 
(Figure 1).

OP results from a decline in bone strength, which arises due to a reduction in bone mass and 
alterations in bone quality, ultimately increasing susceptibility to fractures [1]. Bone densitometry, a widely 
recognized and standardized diagnostic method endorsed by the International Society for Clinical 
Densitometry (ISCD), is recommended for women aged ≥ 65 years and men aged ≥ 70 years, as well as for 
younger individuals with risk factors that may compromise bone mass, such as early menopause, low body 
weight, conditions associated with bone loss, or a history of fractures suggestive of underlying OP. Bone 
density is assessed by comparing the individual’s BMD (g/cm2) to that of a reference population of the same 
sex, using two statistical scores: the T-score and the Z-score. The T-score compares an individual’s bone 
density to that of a healthy young adult and is primarily used for evaluating postmenopausal women and 
men aged ≥ 50 years. In contrast, the Z-score compares bone density to age-matched peers and is typically 
applied to premenopausal women, younger men (< 50 years), and children [43–45]. The T-score reference 
database is derived from measurements in young healthy white women of European ancestry, which may 
limit its generalizability across different ethnic groups and geographic populations [1, 2, 9, 26, 30, 31, 45].
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Figure 1. Components of bone strength [41, 42].

In the adult population, OP is defined by a T-score of –2.5 or lower at the femoral neck or spine. T-
scores between –2.5 and –1.0 indicate osteopenia, while values above –1.0 are considered normal. In 
younger individuals and premenopausal women, a Z-score of ≤ –2.0 is classified as “low bone mass” but 
should not be interpreted as “osteoporosis”. In children, the preferred terminology is “bone mineral density 
below the expected range for age”, which applies when a Z-score of ≤ –2.0 is found at key measurement 
sites such as the posterior-anterior (PA) spine and total body less head (TBLH), according to ISCD pediatric 
guidelines. The diagnosis of OP in children may be considered only when low bone mass is accompanied by 
a clinically significant fracture history [46] (Figure 2).

Figure 2. Definition of osteoporosis in adults and children (ISCD). ISCD: International Society for Clinical Densitometry.

Classification of OP
OP can be classified according to its etiology and age of presentation as idiopathic, primary and secondary 
[44, 47, 48] (Table 2).

OP is uncommon in children, and low bone mass in this population is typically associated with genetic 
disorders that impair the collagen type I synthesis, as osteogenesis imperfecta (OI), hereditary or 
nutritional forms of rickets, and syndromes that disrupt bone mineralization, osteoblast or osteocyte 
function, and bone microarchitecture, such as hypophosphatasia (HPP), fibrous dysplasia, McCune-Albright 
syndrome, and various skeletal dysplasias [49–51]. These conditions, referred to as primary OP in children, 
differ significantly from the adult form. Clinical features are often identifiable early, either prenatally via 
ultrasound imaging or at birth based on physical characteristics. The consequences of these disorders 
commonly include reduced linear growth, recurrent fractures, bone deformities, delayed motor 
development, and long-term disability [50].
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Table 2. Classification of osteoporosis in children and adults.

Population Classification Definition

Primary Low bone mass caused by intrinsic skeletal defects and abnormal composition of bone 
tissue:

Collagen type I synthesis alteration•
Defects of bone mineralization•
Osteoblast or osteocyte dysfunction•

Children

Idiopathic 
juvenile

Transitory state of low bone mass of unknown etiology, characterized by pain in the back, 
hips and/or lower limbs; vertebral and long bone fractures. The onset of symptoms is 
insidious and starts before puberty. Patients show spontaneous improvement after puberty.

Idiopathic Osteoporosis of unknown etiopathogenesis occurring in young men and premenopausal 
women, might be associated with:

Low peak bone mass•
Low nutritional intake•
Unhealthy lifestyle•
Osteoporosis associated with pregnancy or lactation•
Transient osteoporosis of the hip•

Adults

Primary Postmenopausal or type I: Characterized by rapid bone loss due to decreased hormone 
levels following the first 3–5 years after the menopause, affecting trabecular bone and 
increasing the risk of vertebral fractures.

•

Senile or type II: Loss of trabecular and cortical bone as part of the physiological aging 
process.

•

Children and 
adults

Secondary 
osteoporosis

Consequence of a disease or medications that impair bone metabolism or interfere with the 
absorption of calcium and/or vitamin D:

Chronic inflammatory states•
Chronic kidney disease•
Post solid organ transplantation•
Malabsorption•
Neuromuscular diseases•
Immobilization•
Neoplastic states•
Bariatric surgery•
Glucocorticoids•
Anticonvulsants•
Anticoagulants•
Gonadotropin-releasing hormone agonists and androgen-deprivation therapy•
Selective serotonin reuptake inhibitors (SSRIs)•
Thiazolidinediones•
Aromatase inhibitors•
Proton pump inhibitors•
Calcineurin inhibitors•
Chemotherapy agents•

Idiopathic juvenile OP (IJO) is a rare, transient condition that typically affects children before the onset 
of puberty. It often presents with back pain resulting from vertebral compression fractures and limb 
fractures that may lead to altered gait. Radiological findings commonly reveal metaphyseal and vertebral 
fractures [52]. Interestingly, the clinical course of IJO tends to improve spontaneously over a period of 3 to 
5 years, and many individuals go on to attain normal bone mass in adulthood. However, spinal deformities 
may persist [50, 53–55]. In adults, the term idiopathic OP is typically applied to young men and 
premenopausal women who develop low bone mass, with or without fragility fractures, in the absence of 
identifiable secondary causes. In many cases, affected individuals may have failed to achieve optimal peak 
bone mass, or they may present with modifiable risk factors such as poor nutrition, hormonal imbalances, 
or lifestyle factors contributing to bone loss that explain this condition [56, 57].
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Transient idiopathic OP, such as that observed during pregnancy and lactation, may be classified within 
this group of temporary bone loss disorders. These periods are characterized by a heightened physiological 
demand for calcium to support fetal skeletal development and maternal milk production [58, 59]. To 
accommodate these needs, the maternal body undergoes physiological adaptations including increased 
intestinal calcium absorption and elevated bone turnover rates [58]. However, when calcium intake is 
insufficient, maternal bone resorption is upregulated to fulfill fetal calcium requirements, potentially 
leading to significant skeletal demineralization in the mother [58, 60]. Transient OP of the hip is another 
localized condition typically occurring during the third trimester of pregnancy or early postpartum. It is 
characterized by localized edema in one or both femoral heads without evidence of systemic bone 
resorption [60, 61]. The primary clinical manifestation is hip pain, often accompanied by decreased BMD in 
the affected region [60].

During lactation, increased trabecular bone resorption and transient maternal bone demineralization 
serve as the primary sources of calcium for daily breast milk production. Although renal calcium 
conservation mechanisms are activated during this period, the majority of skeletal deterioration affects the 
trabecular bone microarchitecture [58–60]. Women may be affected during pregnancy, the postpartum 
period, or lactation, commonly presenting with severe back or groin pain and radiological signs of 
osteopenia or OP, which increase their risk of fractures [62]. Importantly, bone loss associated with 
pregnancy and lactation is typically reversible, with recovery occurring after weaning. These phases 
represent critical windows during which ensuring adequate calcium and vitamin D intake, or implementing 
supplementation, when necessary, is essential [63–65].

Primary OP in adults is the most prevalent form and is generally classified into two types. Type I, or 
postmenopausal OP, occurs in women and is characterized by rapid bone loss due to hormonal changes, 
particularly reduced levels of estrogen and progesterone during menopause [44]. Type II, or senile OP, is 
seen in elderly individuals and is attributed to age-related skeletal degeneration. It involves loss of both 
trabecular and cortical bone and is commonly associated with hip and pelvic fractures [44]. It should be 
taken into account that calcium absorption tends to decline significantly in older adults, particularly beyond 
the age of 70, so ensuring an adequate intake might help to prevent additional bone mass [66].

Secondary OP results from underlying medical conditions or external factors that disrupt normal bone 
turnover. These include chronic inflammatory diseases, malignancies, chronic kidney disease (CKD), and 
prolonged immobilization. Conditions such as malabsorption syndromes and a history of bariatric surgery 
often contribute to vitamin D deficiency. Furthermore, several medications are known to impair bone 
metabolism and vitamin D pathways, including glucocorticoids (GC), anticonvulsants, gonadotropin-
releasing hormone (GnRH) agonists and antagonists, selective serotonin reuptake inhibitors (SSRIs), proton 
pump inhibitors (PPIs), thiazolidinediones, and aromatase inhibitors, among others as depicted in Table 2 
[67–69].

Considerations before starting treatment for OP
Before initiating treatment for OP, several critical considerations must be addressed to optimize patient 
outcomes. First, it is essential to identify and manage any secondary causes of OP, as these may require 
specific interventions beyond standard bone-targeted therapies [70]. Correcting vitamin D deficiency is a 
foundational step, given its vital role in calcium homeostasis and bone metabolism. Ensuring adequate 
dietary intake of calcium and vitamin D, either through nutrition or supplementation, is equally important 
to support bone health and enhance therapeutic efficacy [71, 72]. Treatment selection should be 
individualized, taking into account the patient’s overall clinical profile, including comorbid conditions, 
concomitant medications, and potential contraindications, to maximize benefits and minimize risks. 
Additionally, awareness of technical factors and potential sources of error in BMD measurement by DXA is 
crucial for accurate diagnosis and monitoring; these issues will be explored further in the subsequent 
section (Table 3).
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Table 3. Considerations when diagnosing osteoporosis.

Consideration Implications for diagnosis

Rule out secondary causes for 
osteoporosis

Vitamin D deficiency•
Celiac disease•
Thyroid disease•
Malabsorption•
Hyperprolactinemia•
Rare metabolic bone diseases•
Osteogenesis imperfecta (OI)•
Hypophosphatasia (HPP)•
X-linked hypophosphatemia (XLH)•

Assure adequate nutrient intake and 
supplementation if needed

Calcium•
Vitamin D•
Adequate nutrition and/or supplementation in vegan and vegetarian patients•

Consider comorbidities Gastritis and peptic ulcer•
Hepatic insufficiency•
Chronic kidney disease•
Solid organ transplants•
Malignancies•
Chronic inflammatory conditions•
Dementia and cognitive impairment conditions•
Polypharmacy•
Lack of resources: socioeconomic and caregiving factors•

Avoid mistakes related to DXA 
measurements

Problems in quality control, acquisition, analysis, interpretation and reporting of DXA 
studies

•

Quantitative comparison of BMD values on the same instrument cannot be made 
unless a precision assessment has been done and the least significant change 
calculated

•

Quantitative comparison of BMD values obtained on different instruments cannot be 
made unless a cross-calibration study has been done

•

Poor-quality DXA reports may result in inappropriate patient care decisions that can 
be costly and sometimes harmful to patients

•

BMD: bone mineral density; DXA: dual-energy X-ray absorptiometry.

Rule out secondary causes of OP

Before starting treatment, it is important to ensure that secondary causes that could be associated with the 
patient’s low bone mass have been ruled out. A very common mistake is to consider that all older women 
have postmenopausal OP, and not to evaluate other causes that may coexist or even be the main cause of 
bone mass loss. Among the most frequent conditions that should be evaluated are vitamin D deficiency, 
hypercalciuria, endocrinopathies and concomitant medication associated with low bone mass that has not 
been evaluated. The first step to follow is to request additional tests to detect the presence of secondary 
causes of OP [68, 73]. Complete laboratory tests and a metabolic profile including 25-hydroxyvitamin D 
(25OHD; or calcidiol), serum calcium, phosphorus, magnesium, intact parathormone (PTH), alkaline 
phosphatase (ALP) and bone turnover markers such as collagen type I C-telopeptide (CTX) and procollagen 
type I N-terminal propeptide (P1NP) should be considered. Other tests should be requested to rule out 
subjacent diseases as celiac disease (CD), hypogonadism, primary hyperparathyroidism, CKD and 
malignancies according to the clinician’s criteria. The basic laboratory profile recommended is shown in 
Table 4.

There are rare metabolic bone diseases that, underdiagnosed, might result in a treatment failure. 
Genetic conditions associated with OP such as HPP and X-linked hypophosphatemia (XLH) represent a 
challenge, because both require disease-specific treatment, beside bone agents, in order to manage the 
disease. Finding repetitive measures of low ALP levels adjusted for the patient’s age and sex should guide 
the clinician to consider HPP and confirm the diagnosis with genetic testing of the ALPL gene [74, 75]. In a 
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Table 4. Basic laboratory profile in patients with osteoporosis.

Rationale for testing Test

Basic profile Complete blood count•
Alkaline phosphatase (ALP)•
Calcium•
Phosphorus•
Magnesium•
25OHD•
Intact parathormone (PTH)•
Creatinine•
Estimated glomerular filtration rate•
Urea•
Erythrocyte sedimentation rate (ESR)•
C-reactive protein (CRP)•
Albumin•
Globulin•
HbA1C•
Urinalysis•
24-hour urinary calcium•

Bone turnover markers Collagen type I C-telopeptide (CTX)•
Procollagen type I N-terminal propeptide (P1NP)•
N-terminal telopeptide of type I collagen (NTX)•
Bone-specific ALP (BSAP)•

Endocrinopathies Thyroid-stimulating hormone (TSH)•
Prolactin•
Cortisol•
Testosterone in men•
Luteinizing hormone in men•
Follicle stimulating hormone•
Estradiol•

Other specific tests Anti-tissue transglutaminase (tTG) antibodies•
Anti-endomysial antibodies (IgA, IgG)•
Deamidated gliadin peptides (DGP)•
Electrophoretic proteinogram•
Free light chains in older men and women (age > 40 years)•
HIV antibodies•
Hepatitis B and C antibodies•

25OHD: 25-hydroxyvitamin D.

patient with low serum phosphate along with elevated levels of fibroblast growth factor 23 (FGF-23), XLH 
should be suspected, and a genetic study of the PHEX gene might be recommendable [76]. Individuals with 
milder or non-deforming forms of OI may go through life without noticeable physical abnormalities. OI 
types I, IV, and V often present with normal stature, minimal or no history of fractures, and no visible 
skeletal deformities, which can lead to delayed recognition or misdiagnosis. Many patients with these 
unusual conditions can be noticed during adulthood, without having been clearly diagnosed or appearing 
obviously ill in childhood, especially those with subtle forms of the disease and non-specific symptoms, 
such as joint pain, dental abscesses, fatigue and joint stiffness [77].

Certain conditions may present with distinctive physical findings that facilitate clinical recognition. For 
example, Ehlers-Danlos syndrome may be suspected in patients exhibiting joint hypermobility, blue sclerae, 
and fragile or hyperextensible skin. Adult patients have an increased risk of vertebral fractures 
independently of their BMD status [78–80]. Systemic signs such as weight loss, palpitations, tremor, and 
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heat intolerance should raise suspicion for hyperthyroidism. Patients with diabetes mellitus (DM) may 
exhibit normal BMD, yet face an elevated fracture risk due to compromised bone quality [81]. Similarly, in 
individuals with acromegaly, features such as coarse facial characteristics, enlarged hands and feet, and 
joint pain should prompt further investigation. Notably, although BMD may appear elevated in this group, 
bone quality is often impaired, predisposing them to fractures [82, 83]. Young adults and premenopausal 
women should be tested for hormonal alterations such as hypogonadism, hyperprolactinemia, 
hypercortisolemia and other subjacent endocrinopathies that might be underdiagnosed [84, 85].

Testing for infectious diseases such as HIV and hepatitis B and C should be considered in patients with 
associated risk factors, such as exposure to infected blood, unprotected sexual contact, sharing of needles, 
and unsafe medical or cosmetic procedures [86]. Patients who underwent bariatric surgery, or those with 
malabsorption usually develop hypovitaminosis and protein loss; and in these cases, is determinant to 
measure levels of vitamin D to prevent future bone mass loss. In older patients, CKD, inflammatory chronic 
conditions and malignancies can be easily ruled out by ordering complementary tests, and imaging in 
suspicious cases. Serum protein/immune-electrophoresis and free light chains in older men and women 
can be performed [68]. Bone turnover markers are specialized biochemical tests used to evaluate the rate 
of bone formation and resorption. They provide valuable information for assessing metabolic bone 
disorders and are particularly useful in conditions such as renal osteodystrophy and Paget’s disease [42, 55, 
87]. In addition, they assist in the evaluation and monitoring of OP, hyperparathyroidism, thyrotoxicosis, 
glucocorticoid-induced bone loss, and other secondary causes of skeletal fragility [55, 68, 87]. Their use 
helps determine the activity of bone remodeling, assess treatment efficacy, and support clinical decision-
making in a variety of metabolic and endocrine conditions [55, 68, 87]. Diagnosing a secondary cause of OP 
provides the opportunity to start an adequate treatment for controlling the disease and have a better 
outcome when OP treatment is started (Figure 3).

Figure 3. Algorithm for the diagnostic evaluation of osteoporosis in adults [1, 2, 4, 7, 26, 28, 43, 45]. DXA: dual-energy X-
ray absorptiometry; FRAX: Fracture Risk Assessment Tool; TBS: trabecular bone score; BTM: bone turnover markers.
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Correcting vitamin D deficiency prior to starting treatment

Vitamin D, a steroid hormone essential for calcium and phosphorus homeostasis, regulates bone 
mineralization and overall skeletal metabolism. Its deficiency, common and often underdiagnosed 
worldwide, causes rickets in children and osteomalacia in adults [88, 89]. Correction of deficiency is 
essential before initiating OP therapy; therefore, serum 25OHD measurement is recommended for all 
patients, as it represents the most reliable indicator of vitamin D status due to its abundance as a circulating 
metabolite, and longer half-life compared with calcitriol [1,25-(OH)2D3] [71, 88, 90, 91]. Optimal bone 
health requires maintaining serum 25OHD levels ≥ 30 ng/mL (75 nmol/L), while levels of 10–16 ng/mL 
(25–40 nmol/L) are associated with secondary hyperparathyroidism and OP, and < 8–10 ng/mL 
(20–25 nmol/L) with osteomalacia [71, 88, 89, 92, 93]. The American Association of Clinical 
Endocrinologists’ definitions of vitamin D deficiency and insufficiency are summarized in Table 5 [88, 89, 
94].

Table 5. Classification of vitamin D status [88, 89, 94].

Status 25OHD (ng/mL) 25OHD (nmol/L)

Toxicity/Upper limit ≥ 100 ≥ 250
Sufficiency ≥ 30 ≥ 75
Insufficiency 21–29 52.5–72.5
Deficiency ≤ 20 ≤ 50

Most recommendations for correcting vitamin D deficiency or insufficiency are provided by 
international societies. In a general manner, patients at risk of vitamin D deficiency are recommended to 
receive doses of 800 IU to 1,000 IU daily along with calcium [88]. For rapid repletion, a loading dose of 
25,000–50,000 IU/week for 4–6 weeks is suggested, adjusted to baseline 25OHD levels (< 20 ng/mL for 8 
weeks; 20–30 ng/mL for 4 weeks), and indicated in severe deficiency (< 10 ng/mL), severe obesity, 
malabsorption, post-bariatric surgery, or when treatment with potent antiresorptive agents such as 
denosumab or intravenous bisphosphonates needs to be initiated [88, 95–97]. After this initial regimen, a 
maintenance dose varying from 800–2,000 IU daily or 50,000 IU per month can be prescribed in order to 
maintain the target blood level [88, 95, 96, 98–103]. High-dose vitamin D supplementation should be 
avoided, as excessive intake may elevate FGF-23, leading to inhibition of 1α-hydroxylase (CYP27B1) 
activity, reduced circulating vitamin D metabolites, and activation of 24-hydroxylase pathways that 
catabolize calcitriol and calcidiol into less active compounds such as calcitroic acid. This process ultimately 
limits vitamin D receptor (VDR) activation and prevents excessive downstream signaling [88, 104–108]. 
The choice of initial and maintenance dosing should be individualized at the clinician’s discretion, tailoring 
therapy to each patient’s clinical profile and biochemical response.

Ensure adequate intake of calcium, vitamin D, and nutrients

Vitamin D is fat-soluble molecule with pleiotropic effects in bone, participating in calcium and phosphorus 
metabolism by acting on three main organs: intestine, bone and kidney. The main source of vitamin D in 
humans is the cutaneous synthesis after sun exposure, although it can also be obtained from vitamin D-rich 
foods, but in minor amounts. The two forms of vitamin D are cholecalciferol (vitamin D3) of animal origin, 
and ergocalciferol (vitamin D2) of vegetable origin; both share a common metabolic pathway that leads to 
the synthesis of calcitriol in the kidney, which constitutes the active form of vitamin D [1, 109]. The main 
causes of vitamin D deficiency are the lack of sun exposure, as in institutionalized patients or the use of 
sunscreen, especially for skin cancer prevention, or in patients with systemic lupus erythematosus (SLE) 
who must avoid solar exposure. The age-associated decline in cutaneous vitamin D synthesis, with older 
skin producing approximately 40% less vitamin D, contributes to diminished intestinal calcium absorption 
and subsequent reductions in bone mass and mineralization [1, 110, 111]. As calcium bioavailability varies 
by source, being highest in dairy products [112–114], adequate intake, together with vitamin D, is essential 
for skeletal integrity, with combined supplementation shown to reduce fracture risk [115]. Adequate intake 
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is fundamental for OP prevention and should be carefully considered at the start of treatment to ensure 
optimal levels are maintained for the patient’s age. Recommended daily intakes of calcium and vitamin D by 
age are presented in Table 6.

Table 6. Recommended dietary allowances (RDAs) for calcium and vitamin D in adults [111, 112].

Age Calcium (mg/day) Vitamin D (IU/day)

19–50 years 1,000 600
51–70 years 1,000*–1,200 600
> 70 years 1,200 800
*: Intake recommended for males.

Vitamin D and calcium supplementation remain cornerstone strategies for fracture prevention. In a 
two-year cluster randomized controlled trial of 7,195 institutionalized older adults (mean age 86 years) 
with adequate vitamin D levels but low calcium intake, Iuliano et al. [116] reported that achieving a calcium 
intake of 1,300 mg/day and < 1 g/kg protein/day through increased dairy consumption reduced the risk of 
all fractures by 33%, hip fractures by 46%, and falls by 11% (p = 0.04), with benefits evident as early as 
three to five months.

A review of 26 randomized clinical trials by Voulgaridou et al. [117] showed that combined calcium 
and vitamin D supplementation, but not vitamin D alone, significantly increased BMD. Similarly, Yao et al. 
[118] found that each 10 ng/mL (25 nmol/L) increase in serum 25OHD was associated with a 7% reduction 
in overall fracture risk and a 20% reduction in hip fracture risk. Vitamin D alone did not significantly reduce 
fracture incidence (RR = 1.06; 95% CI: 0.98–1.14), whereas combined supplementation reduced the risk of 
any fracture by 6% and hip fractures by 16% [118]. Consistent results were reported by Manoj et al. [119] 
in a meta-analysis of seven randomized controlled trials including 12,620 participants. Daily 
supplementation with vitamin D3 (800 IU) plus calcium significantly reduced hip fracture risk by 25% (p = 
0.0003) and non-vertebral fracture risk by 20% (OR = 0.80; 95% CI: 0.72–0.89; p < 0.0001). The most 
effective regimen was 800 IU of vitamin D3 with 1,200 mg of calcium, which reduced hip fracture risk by 
31% (OR = 0.69; 95% CI: 0.58–0.82; p < 0.0001) [119].

Vegetarian and particularly vegan diets are associated with lower BMD compared with omnivorous 
diets, likely due to reduced intake of calcium, vitamin D, protein, and lower body weight [120–122]. Lacto-
ovo-vegetarians consume dairy and eggs, which provide higher calcium, vitamin D, and animal protein, 
favoring bone health. However, both vegetarian and vegan diets often fail to meet all nutrient requirements, 
making them more susceptible to low BMD and fractures [120, 123, 124]. In a Bayesian meta-analysis 
including 2,749 participants, vegetarians had about 4% lower BMD at the femoral neck and lumbar spine 
than omnivores, with a greater reduction in vegans [ratio of means (RoM) = 0.94; 95% CI: 0.91–0.98] than 
in lacto-ovo vegetarians (RoM = 0.98; 95% CI: 0.96–0.99) [122]. Vitamin B12 is crucial for bone metabolism 
through its role in taurine and IGF-1 synthesis, supporting bone mass and structure [124, 125]. Deficiency 
is observed in 11% of omnivores, 77% of lacto-ovo vegetarians, and up to 92% of vegans, leading to 
increased methylmalonic acid and homocysteine levels [126]. Low vitamin B12 is linked to reduced BMD, 
BMC, and impaired bone cell function [124]. In elderly Dutch women, vitamin B12 deficiency was 
associated with higher OP prevalence (37%) compared to those with normal levels (6%), with B12 
contributing 1.3–3.1% to BMC and BMD variance [127]. Therefore, individuals following vegan or 
vegetarian diets should be advised to ensure adequate intake or supplementation of calcium, vitamins D 
and B12, and protein, with regular monitoring of bone health.

Consider the patient’s comorbidities
Gastrointestinal conditions
Inflammatory bowel disease (IBD)

IBD is associated with low BMD and an increased risk of fractures, even among younger individuals [128]. 
Bone loss in IBD arises from nutrient malabsorption, malnutrition, chronic inflammation with elevated 
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proinflammatory cytokines, and glucocorticoid therapy. Activation of osteoclastogenesis through receptor 
activator of nuclear factor κB (RANK)/RANK ligand (RANKL) signaling further promotes bone resorption, 
while low BMI and sarcopenia contribute additional risk for OP, falls, and fractures. A meta-analysis of 
261,829 IBD patients showed a higher fracture risk than controls (OR = 1.42; 95% CI 1.21–1.66; p < 0.001) 
[129], consistent with another meta-analysis of 24 studies reporting increased overall (RR = 1.38; 95% CI 
1.11–1.73; p = 0.005) and vertebral fracture risk (OR = 2.26; 95% CI 1.04–4.90; p < 0.001) and lower BMD 
and Z-scores at all sites in IBD patients [130]. Bone deficits appear early, as demonstrated in children with 
IBD who showed lower lumbar spine and whole-body aBMD and BMC than controls (p < 0.001) and a 
higher vertebral fracture rate (11% vs. 3%; p = 0.02) [131]. These findings emphasize the need for early 
assessment and prevention of OP in IBD.

Celiac disease

CD is an autoimmune disorder triggered by gluten exposure and has been increasingly recognized in recent 
decades. Regardless of age at onset, CD is associated with reduced BMD, impaired bone microarchitecture, 
and a higher fracture risk [132–135]. A meta-analysis reported a 69% higher risk of hip fracture and a 30% 
higher risk of any fracture in CD, with fractures being 1.92 times more frequent than in controls [135]. 
Similarly, a large Danish cohort study found greater risks of OP [hazard ratio (HR) = 5.39; 95% CI: 
4.89–5.95] and fractures (major osteoporotic: HR = 1.37; 95% CI: 1.25–1.51; any fracture: HR = 1.27; 95% 
CI: 1.18–1.36) [133]. In children, CD leads to lower BMD, impaired bone health, and shorter stature [134]; a 
registry-based study showed higher fracture incidence (HR = 1.57 for any fracture; HR = 1.67 for multiple 
fractures) [132], and meta-analyses confirmed reduced BMC and aBMD compared with controls [134]. 
Adherence to a gluten-free diet improves bone parameters, as demonstrated in a meta-analysis of 28 
studies showing significant BMD and BMC gains, though levels often remain below those of healthy peers 
[136, 137]. Early diagnosis and strict compliance with a gluten-free diet are therefore crucial to preserve 
bone health and minimize fracture risk.

Chronic atrophic gastritis (CAG) and Helicobacter pylori (HP) infection

CAG involves progressive loss of parietal cells, most often due to autoimmune mechanisms or HP infection, 
leading to hypochlorhydria or achlorhydria and impaired absorption of iron, calcium, and vitamin B12 
owing to loss of intrinsic factor [138, 139]. Vitamin B12 deficiency adversely affects bone health and may 
increase fall risk through peripheral neuropathy [128]. HP infection is responsible for approximately 85% 
of gastric and 95% of duodenal ulcers and is a recognized risk factor for gastric cancer [128, 140, 141]. 
Current management includes antibiotic therapy combined with a PPI or histamine-2 receptor antagonist 
(H2RA). Long-term use of these acid-suppressive agents has been linked to OP and fracture risk. In a 
Korean population-based case-control study, use of anti-peptic agents increased the risk of osteoporotic 
fractures [PPI (HR = 1.31), H2RA (HR = 1.44), muco-protective agents (HR = 1.33); all p < 0.001], with the 
highest risk seen with combined PPI and H2RA use (HR = 1.58; p = 0.010) or triple therapy (HR = 1.71; p = 
0.001) [142]. Regular fracture risk assessment and bone mass monitoring are therefore advisable in these 
patients to prevent OP-related complications.

Chronic liver disease and liver transplantation

Chronic liver disease is associated with low bone mass and an increased risk of fractures, with prevalence 
estimates ranging from 6% to 40% [143–145]. Bone loss results from cytokine-mediated activation of the 
RANK/RANKL pathway, impaired osteoblast activity, and deficiencies in IGF-1, vitamin K, and vitamin D 
due to cholestasis and altered hepatic hydroxylation [143–145]. Reduced vitamin D synthesis due to altered 
liver function and further aggravated by jaundice contributes to reduced calcium absorption and impaired 
mineralization [144].

Meta-analyses show significant associations between alcoholic liver disease (ALD) and fracture risk 
(RR = 1.94; 95% CI: 1.35–2.79) [146] and between non-alcoholic fatty liver disease (NAFLD) and OP (OR = 
1.46 in men and 1.48 in women), with higher odds of fractures compared with controls [147]. Cirrhosis was 
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also linked to increased OP prevalence (34.7% vs. 12.8%; OR = 2.52; 95% CI: 1.11–5.69) [148], and a larger 
analysis confirmed higher odds of OP (OR = 1.93; 95% CI: 1.84–2.03) and fractures (OR = 2.30; 95% CI: 
1.66–3.18), with reduced BMD at key skeletal sites [149]. Liver transplantation, which has risen globally by 
20% since 2015, also increases bone fragility, with OP and fractures observed in 11.68% and 20.40% of 
recipients, respectively [150–152]. Routine bone and metabolic assessment is essential in these high-risk 
patients to prevent skeletal complications.

Chronic kidney disease

CKD is a well-established contributor to impaired bone health, OP, and an increased risk of fractures [153–
156]. CKD-mineral and bone disorder (MBD) is a systemic condition characterized by disturbances in 
calcium, phosphate, PTH, and vitamin D metabolism, leading to abnormalities in bone turnover, 
mineralization, structure, and growth, as well as vascular and soft-tissue calcification [153, 154, 156]. 
According to the National Kidney Foundation/Kidney Disease Outcomes Quality Initiative (NKF/KDOQI), 
CKD is classified into five stages based on estimated glomerular filtration rate (eGFR), with advanced CKD 
(stages G4–G5, eGFR < 30 mL/min/1.73 m2) affecting 0.5–1% of the population [153]. Renal impairment is 
particularly prevalent in older adults, with only 26% of those aged ≥ 70 years maintaining normal kidney 
function [156]. In assessing OP, kidney function must be considered alongside traditional risk factors. A 
dynamic bone disease, characterized by low bone turnover, is frequent among dialysis patients [153, 154]. 
Phosphate retention, impaired vitamin D synthesis, and secondary hyperparathyroidism further exacerbate 
bone loss, even at early stages of CKD [153, 154, 156]. Epidemiological data demonstrate a twofold increase 
in hip fracture risk among patients with moderate to severe CKD [156]. NHANES III reported that 
participants with an eGFR < 60 mL/min/1.73 m2 had higher odds of hip fracture (OR = 2.12; 95% CI: 
1.18–3.80), and CKD prevalence was nearly three times greater among those with prior fractures aged 
50–74 years (19.0% vs. 6.2%; p = 0.04) [157].

Patients on hemodialysis (HD) show markedly increased fracture risk, with Alem et al. [158] reporting 
a fourfold increase compared to the general population and up to a 10–100-fold increase among those < 
65 years [156]. Meta-analyses confirm a graded relationship between declining eGFR and fracture risk, 
especially for hip fractures [155, 159]. Falls affect approximately 25% of patients with advanced CKD 
annually [160, 161], with risk factors including frailty, hypotension, malnutrition, anemia, and 
antidepressant use. In HD cohorts, fractures, most frequently ribs, affect roughly 25% of patients, with age, 
low hemoglobin, and high phosphorus as independent predictors [162]. A comprehensive assessment of 
renal function and bone health is essential to reduce fracture risk in this vulnerable population.

Malignancy

Bone metastases are a frequent and serious complication of advanced malignancies, particularly those 
originating in the breast, prostate, lung, thyroid, and kidney. Disseminated tumor cells disrupt the normal 
balance between bone formation and resorption, leading to skeletal-related events (SREs) such as bone 
pain, pathological fractures, hypercalcemia, and spinal cord or nerve root compression [163–168]. The 
metastatic process is driven by complex interactions between cancer cells, the bone microenvironment, 
immune mediators, and signaling pathways that promote tumor growth at distant sites. Depending on the 
tumor type, lesions may be osteolytic, osteoblastic, or mixed [163, 164, 167, 168]. Prostate and breast 
cancers show the highest propensity for bone involvement, affecting up to 65–75% of patients with 
advanced disease [168].

Lung cancer has been identified as the most frequent primary source of de novo bone metastases. In an 
analysis by Ryan et al. [169], lung cancer exhibited the highest incidence (8.7 per 100,000 in 2015), 
followed by prostate and breast cancer (3.19 and 2.38 per 100,000, respectively). Among younger patients 
(< 20 years), endocrine malignancies and soft-tissue sarcomas predominated, with a notable increase in 
bone metastasis incidence from prostate and gastric cancers [169]. Similarly, a retrospective series of 
advanced non-small-cell lung cancer reported bone metastases in 39% of patients [170]. The lumbar and 
thoracic vertebrae are the most common metastatic sites, followed by the cervical spine and sacrum [171].
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Disruption of the balance between bone resorption and formation leads to three main patterns of 
metastases: osteolytic, osteoblastic, and mixed [168]. In multiple myeloma, 80–90% of patients develop 
osteolytic lesions driven by malignant plasma cells that stimulate osteoclast activation and suppress 
osteoblast function through mediators such as RANKL, interleukin 6 (IL-6), macrophage inflammatory 
protein-1α (MIP-1α), and stromal-derived factor-1α (SDF-1α) [172, 173]. Similarly, osteolytic metastases in 
breast cancer are associated with tumor secretion of parathyroid hormone-related peptide (PTHrP), IL-1, 
IL-6, GM-CSF, and TNF-α, which enhance osteoclastogenesis while inhibiting osteoblast activity [164, 166, 
168]. Tumor-derived inhibitors such as dickkopf-1 (DKK1) and sclerostin (SOST) further suppress 
osteoblast differentiation by blocking Wnt/β-catenin signaling, exacerbating bone destruction [166, 167]. 
Conversely, osteoblastic or sclerotic metastases, characteristic of prostate cancer, result from increased 
osteoblast activity driven by endothelin-1, bone morphogenetic proteins (BMPs), TGF-β, Wnt proteins, and 
IGFs [167, 174]. Elevated osteoprotegerin (OPG) levels inhibit osteoclast differentiation, favoring bone 
formation [166, 175]. Prostate-specific antigen (PSA) may further contribute by cleaving PTHrP, thereby 
reducing osteoclastic activity [166–168]. In certain breast and prostate cancers, mixed lesions arise through 
interactions mediated by platelet-derived growth factor (PDGF) and endothelin-1 via PDGFRα/β and ETAR, 
along with β-catenin-dependent signaling that determines lesion phenotype [168, 174–177].

Assessing bone involvement at diagnosis is therefore crucial to prevent skeletal complications [164]. 
Bone pain is the most prevalent SRE, affecting 60–84% of patients with advanced cancer [164, 165, 168, 
178]. It results from periosteal irritation, structural damage, inflammatory processes, and remodeling of 
sensory and sympathetic nerve fibers that sensitize nociceptors [165, 168]. Hypercalcemia, a common 
paraneoplastic syndrome, occurring in 5–10% of patients with advanced breast, lung, renal, or hematologic 
malignancies [164, 168]. It arises from focal or generalized osteolysis, humoral factors (notably PTHrP in 
~80% of cases), increased tubular calcium reabsorption, and decreased glomerular filtration [168, 178, 
179]. Clinical manifestations range from gastrointestinal and neurocognitive symptoms to cardiac 
arrhythmias due to QT shortening [168, 178]. Pathological fractures represent a late and debilitating 
complication, reported in 9–30% of patients with skeletal involvement [164, 168, 178]. They typically affect 
weight-bearing bones, particularly the vertebral column, often leading to spinal instability and neurologic 
compromise. Other common sites include the proximal femur, pelvis, humerus, and ribs, resulting in pain, 
reduced mobility, and frequent need for surgery [164, 168, 178, 180]. Spinal cord compression, most 
common in breast, prostate, and lung cancer, arises from vertebral collapse or direct tumor invasion. It 
presents as progressive, nocturnal pain often preceding neurological deficits and associated with 
microfractures [168, 178, 181, 182]. In suspected cases, bone scintigraphy is recommended to evaluate 
disease extent and exclude or confirm spinal cord involvement [168, 181, 182].

Chronic inflammatory conditions

In chronic arthritic and autoimmune conditions such as rheumatoid arthritis (RA), the inflammatory 
pannus releases cytokines that disrupt bone homeostasis by stimulating osteoclast differentiation and 
inhibiting osteoblast maturation, leading to accelerated bone resorption and bone loss. Persistent 
inflammation exposes patients to multiple risk factors for low BMD and OP, including elevated cytokines, 
reduced physical activity, long-term glucocorticoid therapy, vitamin D deficiency, and postmenopausal 
status [183, 184]. In RA, chronic inflammation driven by IL-1, IL-6, IL-17, IL-23, and TNF-α enhances 
osteoclastogenesis through RANKL and macrophage colony-stimulating factor (M-CSF), contributing to 
bone erosion and systemic bone loss [183, 185]. Dysregulation of DKK1, a Wnt signaling inhibitor, also 
plays a key role: its overexpression in RA and multiple myeloma promotes bone resorption, while its 
downregulation in ankylosing spondylitis and diffuse idiopathic skeletal hyperostosis (DISH) leads to 
aberrant bone formation. TNF-α-mediated DKK1 upregulation provides a mechanistic link between chronic 
inflammation and bone loss [183, 186–190]. Vitamin D further influences bone and immune regulation by 
binding to VDR on T and B lymphocytes and dendritic cells, modulating cytokine production and immune 
activation. Deficiency is common in autoimmune and rheumatic diseases and correlates with increased 
inflammatory activity and disease severity. In RA and SLE, low vitamin D levels are associated with greater 
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disease activity and flare risk, highlighting its potential as an adjunctive immunomodulatory factor in 
chronic inflammatory conditions [109].

Dementia and cognitive impairment conditions

OP, falls, and fractures are well-documented complications in individuals with cognitive impairment and 
dementia [191–201]. These patients have a markedly higher risk of falls, morbidity, and mortality, while 
those with fragility fractures face increased institutionalization and refracture rates, highlighting the need 
for early detection [191, 198]. Risk factors include cognitive and motor dysfunction, postural instability, 
autonomic impairment, sarcopenia, polypharmacy, environmental hazards, depression, sensory deficits, 
vitamin D deficiency, and frailty, a clinical state of diminished physiological reserve [192, 202, 203]. In a 
prospective study of 179 older adults with dementia, fall incidence was nearly eightfold higher than in 
controls, with prior falls and Lewy body dementia predicting recurrence; modifiable factors included 
orthostatic hypotension and depressive symptoms [191]. OP is also more prevalent in cognitive decline. A 
meta-analysis of 9,872 patients showed a higher risk of OP (RR = 1.56; 95% CI: 1.30–1.87) and an even 
greater risk in Alzheimer’s disease (RR = 1.70; 95% CI: 1.23–2.37) [194]. Jeon et al. [195] found dementia 
independently increased hip fracture risk (10.66% vs. 5.53% in controls), and Matsumoto et al. [196] 
reported elevated fracture risks even in early-onset dementia, with hip (OR = 8.79), vertebral (OR = 1.73), 
and major osteoporotic fractures (OR = 2.05). Interestingly, the use of cholinesterase inhibitors was 
associated with a reduced risk of hip fractures (OR = 0.28) [196]. Patients with OP may face further hip 
fracture risk, underscoring early cognitive assessment and preventive care [197]. Similarly, individuals 
with Parkinson’s disease (PD) show an increased risk of OP and fractures, particularly hip fractures [193, 
199]. Bone loss in PD is multifactorial, related to immobility, low body weight, reduced muscle strength, 
vitamin D deficiency, malnutrition, and levodopa-induced hyperhomocysteinaemia [199, 204–206]. 
Reduced BMD at the spine and femoral neck has been consistently reported [205, 206], and a meta-analysis 
confirmed lower BMD across skeletal sites [206]. Large cohort studies also demonstrate nearly doubled 
fracture risk in PD (adjusted HR = 1.89; 95% CI: 1.67–2.14) [200, 201]. Early identification of modifiable 
risk factors and integrated interventions—cognitive screening, fall prevention, and bone health 
optimization are essential to improve outcomes in these vulnerable populations.

Polypharmacy

Polypharmacy, defined as the concurrent use of five or more medications, is strongly associated with an 
increased risk of fragility fractures in older adults [207–209]. Cumulative drug exposure may heighten 
fracture susceptibility, underscoring the importance of regular medication review in aging populations 
[210, 211]. Although several medications independently increase fall and fracture risk, it remains unclear 
whether these risks are directly compounded by the concurrent use of multiple agents [208]. Beyond 
skeletal effects, polypharmacy has been linked to adverse outcomes such as cognitive and physical decline, 
hospitalizations, functional dependence, and higher mortality [212]. In a large cohort of osteoporotic 
women in South Korea, Park et al. [209] reported a dose-dependent relationship between medication 
number and hip fracture risk, which remained significant after adjustment for confounding factors. 
Similarly, a prospective cohort study of 2,023 patients followed for 5.6 years found that polypharmacy (≥ 5 
medications) and hyperpolypharmacy (≥ 10 medications) were more prevalent among individuals with 
CKD, particularly those on dialysis. Fracture risk rose with medication count (HR = 1.32 for polypharmacy; 
HR = 1.99 for hyperpolypharmacy), accounting for 9.9% of all fractures and 42.1% among dialysis patients 
[211]. Comparable trends were observed in type 2 diabetes. In the Fukuoka Diabetes Registry, fracture 
incidence increased from 21.2 to 44.0 per 1,000 person-years across medication categories, with adjusted 
HRs of 1.34, 1.76, and 1.71 for 3–5, 6–8, and ≥ 9 drugs, respectively; each additional drug raised fracture 
risk by 5% (p < 0.001) [210]. In a population-based study of 2,328 elderly patients, Lai et al. [213] found 
that hip fracture risk rose sharply with medication count, patients taking ≥ 10 drugs had an OR = 8.42 (95% 
CI: 4.73–15.0) compared to those using 0–1. Among those aged ≥ 85 years, the risk increased 23-fold (OR = 
23.0; 95% CI: 3.77–140) [213]. Post-fracture outcomes are also influenced by medication burden. Among 
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272 patients after hip replacement, 31.6% were readmitted and 13.2% died within six months. The number 
of discharged medications correlated with rehospitalization risk (OR = 1.08; 95% CI: 1.01–1.17; p = 0.030), 
particularly with the use of antiosteoporotic agents, SSRIs, vitamin K antagonists, thiazides, and tramadol 
[214]. Overall, polypharmacy represents a significant, potentially modifiable risk factor for fractures and 
adverse outcomes in older adults and individuals with chronic diseases.

Socioeconomic and caregiving factors affecting OP outcomes

Socioeconomic constraints and the lack of adequate caregiving infrastructure exert a substantial negative 
impact on the management and prognosis of OP. Financial hardship frequently delays diagnosis and 
restricts access to essential diagnostic modalities, such as bone densitometry, as well as pharmacologic 
therapy and nutritional supplementation, ultimately increasing the risk of preventable fractures and 
impeding recovery [1–4, 9]. The absence of structured caregiving systems, including nursing homes, 
rehabilitation centers, and home-based support, further exacerbates clinical outcomes by elevating fall risk 
and hindering functional recovery following fractures. Individuals lacking adequate caregiver support often 
experience reduced mobility, poor adherence to prescribed treatments, and limited engagement in 
rehabilitation programs, all of which contribute to accelerated bone loss and functional decline. These 
challenges are reflected in population-based studies demonstrating that social and economic disparities are 
strongly associated with increased fracture incidence, prolonged hospitalization, and higher mortality 
among individuals with OP [5, 9–12]. Addressing these inequities through improved access to healthcare 
services, nutritional support, and post-fracture rehabilitation is essential to enhance outcomes and quality 
of life in this vulnerable population.

Avoid mistakes related to DXA measurements

DXA remains the gold standard for diagnosing OP, assessing fracture risk, and monitoring treatment. 
However, procedural and interpretative errors are frequent and may compromise diagnostic reliability and 
follow-up accuracy [3, 215–218]. Such errors may result from inappropriate clinical indications, poor image 
acquisition, analytical inaccuracies, or misinterpretation of results, as summarized in Table 7 [3, 219]. 
Quality control issues must also be considered, as they critically influence measurement validity [220, 221]. 
Meaningful DXA interpretation requires both precision and accuracy. Precision depends on factors such as 
equipment stability, standardized patient positioning, and consistent image analysis [4]. Errors in 
indication occur when scans are ordered for low-risk individuals without justification or omitted in high-
risk patients, leading to unnecessary costs and missed diagnostic opportunities.

Adherence to evidence-based guidelines is therefore essential to optimize patient selection [224]. 
Quality assurance procedures, including routine phantom scans, calibration, and determination of the least 
significant change (LSC), are key to maintaining consistency. Cross-calibration across scanners, as 
recommended by the ISCD, is equally important [4]. Failure to uphold these standards, such as neglecting 
calibration or monitoring variability, can compromise BMD accuracy and lead to inappropriate clinical 
decisions [4].

Acquisition and analysis

Incorrect patient positioning is a major source of DXA error, particularly in hip and lumbar spine scans. For 
accurate lumbar imaging, the patient should lie supine with hips and knees flexed at 90° to minimize 
lumbar lordosis and enhance vertebral visualization. Proper trunk and limb alignment reduces soft tissue 
variability, and consistent positioning across serial scans ensures measurement reproducibility. Positioning 
aids, such as foam blocks or head supports, facilitate alignment and image quality [4]. The lumbar spine 
region of interest (ROI) should include vertebrae L1 to L4 in PA view, analyzing only structurally intact 
segments free of artifacts. Vertebrae with abnormalities may be excluded if at least two remain for analysis; 
if only one is evaluable, another skeletal site should be used. Exclusion is also warranted when a vertebra’s 
T-score differs by > 1.0 from adjacent levels. The final T-score is calculated using the remaining valid 
vertebrae. The lateral spine is not recommended for diagnosis but may be used for follow-up [3, 4]. 
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Table 7. Common sources of error in DXA [3, 219–223].

Category Common errors/issues

Quality control Scanner-related: Ensure proper scanner function, image acquisition, and data analysis•
Examination-related: Perform regular calibration, phantom scans, and consistent monitoring of 
control data to detect variability

•

Indication Requesting DXA in low-risk individuals without clinical justification•
Failing to screen high-risk patients who could benefit from early osteoporosis or fracture risk 
detection

•

Acquisition Demographic data errors: Inaccurate entry of identifiers (sex, age, race)•
Patient positioning: Misalignment of spine or hip, excessive rotation, or incomplete anatomical 
coverage

•

Skeletal abnormalities: Scoliosis or vertebral fractures may distort BMD values and require exclusion 
of affected vertebrae and careful interpretation

•

Artifacts: Metallic objects, clothing components, or retained materials (e.g., barium, implants) can 
impair image quality and accuracy

•

Data analysis ROI placement: Incorrect placement may include/exclude bone or soft tissue, altering BMD values•
Vertebral selection: Degenerated or fractured vertebrae must be excluded; errors compromise 
accuracy

•

Calibration/software: Poor calibration or processing errors can cause measurement inaccuracies•
Interpretation and 
reporting

Misinterpretation of results or inappropriate clinical decisions based on inaccurate data analysis•

DXA: dual-energy X-ray absorptiometry; BMD: bone mineral density; ROI: region of interest.

Vertebral Fracture Assessment (VFA), a densitometric lateral spine image, is indicated when the T-score 
is < –1.0 and at least one of the following criteria is met: women ≥ 70 years or men ≥ 80 years, historical 
height loss > 4 cm, prior unconfirmed vertebral fracture, or glucocorticoid therapy ≥ 5 mg prednisone (or 
equivalent) daily for ≥ 3 months [4, 45]. For hip DXA, bilateral measurement is recommended, as BMD is 
usually symmetrical but may differ due to immobilization or asymmetric loading. The total hip ROI should 
include the femoral neck, proximal femur, and trochanteric regions, excluding the greater trochanter. The 
patient’s legs should be straight and parallel, with 15–20° internal rotation to align the femoral neck with 
the scanning plane; minimal visibility of the lesser trochanter confirms proper positioning. Foot positioners 
and straps maintain alignment. Soft tissue misidentification and ischial overlap must be corrected. Both the 
total hip and femoral neck should be analyzed, using the same (typically non-dominant) hip for follow-up 
[4, 45]. Forearm DXA of the non-dominant arm is indicated when spine or hip sites are unsuitable due to 
artifacts (fractures, implants, severe degeneration) or when proper positioning is not possible. The 
diagnostic site is the one-third (33%) radius, mandatory in primary hyperparathyroidism, and useful when 
spine-hip discordance exceeds 1 T-score. The radius and ulna should be parallel to the table’s short axis, 
free of fractures or hardware. Manufacturer protocols differ: Hologic systems do not require a positioner, 
whereas GE systems do. For Hologic devices, forearm length from the styloid to the elbow must be entered 
manually. Correct positioner use is essential to prevent artifacts. Although scans are usually performed 
seated, a supine position may minimize motion artifacts in select cases [4, 45].

Interpretation

Errors in DXA interpretation arise from incorrect data analysis or clinical judgment, leading to 
misclassification of bone density status, inappropriate application of T- or Z-score criteria, or failure to 
recognize artifacts and anatomical abnormalities that distort measurements. Such inaccuracies can result in 
misdiagnosis, suboptimal treatment decisions, or failure to identify patients at high fracture risk. To ensure 
diagnostic reliability, clinicians should adhere to ISCD recommendations emphasizing appropriate staff 
training, routine equipment calibration, standardized scan acquisition, and interpretation within the 
broader clinical context. Reporting errors, in turn, involve inaccuracies or omissions in the communication 
of DXA findings, such as incorrect diagnostic categorization, misapplied T-score thresholds, or neglect of 
relevant clinical risk factors. These errors can lead to inappropriate management decisions and underscore 
the importance of standardized reporting practices [3, 219–223]. As noted, reporting inaccuracies are 
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common in clinical practice, with studies showing that up to 90% of BMD reports contain at least one error 
[217]. Krueger et al. [216] assessed DXA-related errors in a U.S. clinical population referred for OP 
evaluation and analyzed their potential clinical impact. Major errors, defined as inaccuracies that could 
alter patient management, were observed in 42% of cases, while technical errors occurred in 90% and 
influenced interpretation in 13% of patients. The most frequent major errors involved incorrect reporting 
of BMD change (70%) and misdiagnosis (22%). Implementation of a standardized reporting template in the 
study’s second phase reduced major errors by 66%, highlighting the value of structured reporting systems 
[216]. Similar findings were reported in an analysis of densitometry procedures across imaging centers in 
Ecuador, where patient positioning errors, including improper centering or misalignment, occurred in 
21.4% of cases. In 38.5% of scans, the assessed vertebral region did not correspond to L1–L4, while 
artifacts such as metallic implants were identified in 3.5%. The ROI was incorrectly defined in 24.1% of 
lumbar and 19.9% of femoral assessments [3]. Lewiecki et al. [223] evaluated perceptions of DXA quality 
among 3,488 clinicians and 2,362 technologists from the ISCD. Over half of technologists (55%) reported 
incorrect entry of patient demographic data at least monthly, and 71% of clinicians identified inaccurate 
interpretations with the same frequency; 27% noted errors more than once per week. Nearly all clinicians 
(98%) believed low-quality DXA reports negatively affected patient care, with 59% rating the impact as 
moderate or severe [223].

Conclusion and final remarks
OP constitutes a major global health challenge, given its silent progression and the severe consequences of 
fragility fractures. Effective management extends beyond reliance on bone densitometry and requires a 
comprehensive approach that incorporates metabolic conditions, comorbidities, vitamin D status, and 
concomitant medication use. Addressing these factors is essential to minimize misdiagnosis, avoid 
inappropriate treatments, and prevent potentially serious complications. High-quality DXA scanning, 
conducted under rigorous quality assurance protocols and interpreted within the clinical context, remains 
central to accurate diagnosis and monitoring. Numerous comorbidities significantly influence bone health 
and fracture risk. For example, patients with IBD, chronic PPI use, liver disease, renal insufficiency, or 
rheumatic inflammatory disorders present with disease-related skeletal vulnerability compounded by the 
pharmacologic therapies required for treatment. Likewise, individuals with dementia or cognitive 
impairment are predisposed to falls, further amplifying fracture risk, while older adults exposed to 
polypharmacy warrant personalized evaluation due to the additive impact of multiple medications. 
Together, these considerations underscore the importance of an individualized, multidisciplinary approach 
to OP care, aimed at improving diagnostic accuracy, tailoring interventions, and ultimately reducing 
fracture incidence and its associated burden.

Abbreviations
25OHD: 25-hydroxyvitamin D

aBMD: areal bone mineral density

ALD: alcoholic liver disease

ALP: alkaline phosphatase

BMC: bone mineral content

BMD: bone mineral density

BSAP: bone-specific alkaline phosphatase

CAG: chronic atrophic gastritis

CD: celiac disease

CKD: chronic kidney disease

CRP: C-reactive protein



Explor Endocr Metab Dis. 2026;3:101456 | https://doi.org/10.37349/eemd.2026.101456 Page 19

CTX: collagen type I C-telopeptide

DGP: deamidated gliadin peptides

DISH: diffuse idiopathic skeletal hyperostosis

DKK1: dickkopf-1

DM: diabetes mellitus

DXA: dual-energy X-ray absorptiometry

eGFR: estimated glomerular filtration rate

ESR: erythrocyte sedimentation rate

FGF-23: fibroblast growth factor 23

GC: glucocorticoids

GnRH: gonadotropin-releasing hormone

H2RA: histamine-2 receptor antagonist

HD: hemodialysis

HP: Helicobacter pylori

HPP: hypophosphatasia

HR: hazard ratio

IBD: inflammatory bowel disease

IJO: idiopathic juvenile osteoporosis

IL-6: interleukin 6

IOF: International Osteoporosis Foundation

ISCD: International Society for Clinical Densitometry

LSC: least significant change

MBD: mineral and bone disorder

M-CSF: macrophage colony-stimulating factor

MIP-1α: macrophage inflammatory protein-1α

MRI: magnetic resonance imaging

NAFLD: non-alcoholic fatty liver disease

NKF/KDOQI: National Kidney Foundation/Kidney Disease Outcomes Quality Initiative

NTX: N-terminal telopeptide of type I collagen

OI: osteogenesis imperfecta

OP: osteoporosis

P1NP: procollagen type I N-terminal propeptide

PA: posterior-anterior

PD: Parkinson’s disease

PDGF: platelet-derived growth factor

PPIs: proton pump inhibitors

PSA: prostate-specific antigen

PTH: parathormone

PTHrP: parathyroid hormone-related peptide



Explor Endocr Metab Dis. 2026;3:101456 | https://doi.org/10.37349/eemd.2026.101456 Page 20

QCT: quantitative computed tomography

RA: rheumatoid arthritis

RANK: receptor activator of nuclear factor κB

RANKL: receptor activator of nuclear factor κB ligand

RDAs: recommended dietary allowances

ROI: region of interest

RoM: ratio of means

SLE: systemic lupus erythematosus

SREs: skeletal-related events

SSRIs: selective serotonin reuptake inhibitors

TBLH: total body less head

TSH: thyroid-stimulating hormone

tTG: tissue transglutaminase

vBMD: volumetric bone mineral density

VDR: vitamin D receptor

VFA: Vertebral Fracture Assessment

XLH: X-linked hypophosphatemia

Declarations
Author contributions

MV and NEL: Conceptualization, Writing—original draft, Writing—review & editing. Both authors read and 
approved the submitted version.

Conflicts of interest

The authors declare that there are no conflicts of interest.

Ethical approval

Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

Not applicable.

Funding

Not applicable.

Copyright

© The Author(s) 2026.



Explor Endocr Metab Dis. 2026;3:101456 | https://doi.org/10.37349/eemd.2026.101456 Page 21

Publisher’s note
Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations 
and maps. All opinions expressed in this article are the personal views of the author(s) and do not 
represent the stance of the editorial team or the publisher.

References
Vidal M, Thibodaux RJ, Neira LFV, Messina OD. Osteoporosis: a clinical and pharmacological update. 
Clin Rheumatol. 2019;38:385–95. [DOI] [PubMed]

1.     

Sözen T, Özışık L, Başaran NÇ. An overview and management of osteoporosis. Eur J Rheumatol. 2017;
4:46–56. [DOI] [PubMed] [PMC]

2.     

Maldonado G, Intriago M, Larroude M, Aguilar G, Moreno M, Gonzalez J, et al. Common errors in dual-
energy X-ray absorptiometry scans in imaging centers in Ecuador. Arch Osteoporos. 2020;15:6. 
[DOI] [PubMed]

3.     

Slart RHJA, Punda M, Ali DS, Bazzocchi A, Bock O, Camacho P, et al.; International Working Group on 
DXA Best Practices. Updated practice guideline for dual-energy X-ray absorptiometry (DXA). Eur J 
Nucl Med Mol Imaging. 2025;52:539–63. [DOI] [PubMed] [PMC]

4.     

GBD 2019 Fracture Collaborators. Global, regional, and national burden of bone fractures in 204 
countries and territories, 1990-2019: a systematic analysis from the Global Burden of Disease Study 
2019. Lancet Healthy Longev. 2021;2:e580–92. [DOI] [PubMed] [PMC]

5.     

Kanis JA, Johnell O, Oden A, Sembo I, Redlund-Johnell I, Dawson A, et al. Long-term risk of 
osteoporotic fracture in Malmö. Osteoporos Int. 2000;11:669–74. [DOI] [PubMed]

6.     

Melton LJ 3rd, Atkinson EJ, O’Connor MK, O’Fallon WM, Riggs BL. Bone density and fracture risk in 
men. J Bone Miner Res. 1998;13:1915–23. [DOI] [PubMed]

7.     

Melton LJ 3rd, Chrischilles EA, Cooper C, Lane AW, Riggs BL. Perspective. How many women have 
osteoporosis? J Bone Miner Res. 1992;7:1005–10. [DOI] [PubMed]

8.     

Curtis EM, van der Velde R, Moon RJ, van den Bergh JP, Geusens P, de Vries F, et al. Epidemiology of 
fractures in the United Kingdom 1988-2012: Variation with age, sex, geography, ethnicity and 
socioeconomic status. Bone. 2016;87:19–26. [DOI] [PubMed] [PMC]

9.     

Naso CM, Lin SY, Song G, Xue H. Time trend analysis of osteoporosis prevalence among adults 
50 years of age and older in the USA, 2005-2018. Osteoporos Int. 2025;36:547–54. [DOI] [PubMed] 
[PMC]

10.     

Salari N, Ghasemi H, Mohammadi L, Behzadi MH, Rabieenia E, Shohaimi S, et al. The global 
prevalence of osteoporosis in the world: a comprehensive systematic review and meta-analysis. J 
Orthop Surg Res. 2021;16:609. [DOI] [PubMed] [PMC]

11.     

Xiao PL, Cui AY, Hsu CJ, Peng R, Jiang N, Xu XH, et al. Global, regional prevalence, and risk factors of 
osteoporosis according to the World Health Organization diagnostic criteria: a systematic review 
and meta-analysis. Osteoporos Int. 2022;33:2137–53. [DOI] [PubMed]

12.     

Ballane G, Cauley JA, Luckey MM, Fuleihan GE. Secular trends in hip fractures worldwide: opposing 
trends East versus West. J Bone Miner Res. 2014;29:1745–55. [DOI] [PubMed]

13.     

Klotzbuecher CM, Ross PD, Landsman PB, Abbott TA 3rd, Berger M. Patients with prior fractures 
have an increased risk of future fractures: a summary of the literature and statistical synthesis. J 
Bone Miner Res. 2000;15:721–39. [DOI] [PubMed]

14.     

Melton LJ 3rd, Kearns AE, Atkinson EJ, Bolander ME, Achenbach SJ, Huddleston JM, et al. Secular 
trends in hip fracture incidence and recurrence. Osteoporos Int. 2009;20:687–94. [DOI] [PubMed] 
[PMC]

15.     

Griffith JF. Identifying osteoporotic vertebral fracture. Quant Imaging Med Surg. 2015;5:592–602. 
[DOI] [PubMed] [PMC]

16.     

https://dx.doi.org/10.1007/s10067-018-4370-1
http://www.ncbi.nlm.nih.gov/pubmed/30542797
https://dx.doi.org/10.5152/eurjrheum.2016.048
http://www.ncbi.nlm.nih.gov/pubmed/28293453
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5335887
https://dx.doi.org/10.1007/s11657-019-0673-3
http://www.ncbi.nlm.nih.gov/pubmed/31897808
https://dx.doi.org/10.1007/s00259-024-06912-6
http://www.ncbi.nlm.nih.gov/pubmed/39316095
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11732917
https://dx.doi.org/10.1016/S2666-7568(21)00172-0
http://www.ncbi.nlm.nih.gov/pubmed/34723233
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8547262
https://dx.doi.org/10.1007/s001980070064
http://www.ncbi.nlm.nih.gov/pubmed/11095169
https://dx.doi.org/10.1359/jbmr.1998.13.12.1915
http://www.ncbi.nlm.nih.gov/pubmed/9844110
https://dx.doi.org/10.1002/jbmr.5650070902
http://www.ncbi.nlm.nih.gov/pubmed/1414493
https://dx.doi.org/10.1016/j.bone.2016.03.006
http://www.ncbi.nlm.nih.gov/pubmed/26968752
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4890652
https://dx.doi.org/10.1007/s00198-025-07395-3
http://www.ncbi.nlm.nih.gov/pubmed/39873744
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11882656
https://dx.doi.org/10.1186/s13018-021-02772-0
http://www.ncbi.nlm.nih.gov/pubmed/34657598
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8522202
https://dx.doi.org/10.1007/s00198-022-06454-3
http://www.ncbi.nlm.nih.gov/pubmed/35687123
https://dx.doi.org/10.1002/jbmr.2218
http://www.ncbi.nlm.nih.gov/pubmed/24644018
https://dx.doi.org/10.1359/jbmr.2000.15.4.721
http://www.ncbi.nlm.nih.gov/pubmed/10780864
https://dx.doi.org/10.1007/s00198-008-0742-8
http://www.ncbi.nlm.nih.gov/pubmed/18797813
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2664856
https://dx.doi.org/10.3978/j.issn.2223-4292.2015.08.01
http://www.ncbi.nlm.nih.gov/pubmed/26435923
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4559972


Explor Endocr Metab Dis. 2026;3:101456 | https://doi.org/10.37349/eemd.2026.101456 Page 22

Cooper C, Atkinson EJ, O’Fallon WM, Melton LJ 3rd. Incidence of clinically diagnosed vertebral 
fractures: a population-based study in Rochester, Minnesota, 1985-1989. J Bone Miner Res. 1992;7:
221–7. [DOI] [PubMed]

17.     

Melton LJ 3rd, Kallmes DF. Epidemiology of vertebral fractures: implications for vertebral 
augmentation. Acad Radiol. 2006;13:538–45. [DOI] [PubMed]

18.     

Nevitt MC, Ettinger B, Black DM, Stone K, Jamal SA, Ensrud K, et al. The association of 
radiographically detected vertebral fractures with back pain and function: a prospective study. Ann 
Intern Med. 1998;128:793–800. [DOI] [PubMed]

19.     

Delmas PD, van de Langerijt L, Watts NB, Eastell R, Genant H, Grauer A, et al.; IMPACT Study Group. 
Underdiagnosis of vertebral fractures is a worldwide problem: the IMPACT study. J Bone Miner Res. 
2005;20:557–63. [DOI] [PubMed]

20.     

Melton LJ 3rd, Atkinson EJ, Cooper C, O’Fallon WM, Riggs BL. Vertebral fractures predict subsequent 
fractures. Osteoporos Int. 1999;10:214–21. [DOI] [PubMed]

21.     

Haentjens P, Johnell O, Kanis JA, Bouillon R, Cooper C, Lamraski G, et al. Network on Male 
Osteoporosis in Europe (NEMO). Evidence from data searches and life-table analyses for gender-
related differences in absolute risk of hip fracture after Colles' or spine fracture: Colles’ fracture as 
an early and sensitive marker of skeletal fragility in white men. J Bone Miner Res. 2004;19:1933–44. 
[DOI] [PubMed]

22.     

Owen RA, Melton LJ 3rd, Johnson KA, Ilstrup DM, Riggs BL. Incidence of Colles’ fracture in a North 
American community. Am J Public Health. 1982;72:605–7. [DOI] [PubMed] [PMC]

23.     

Ismail AA, Pye SR, Cockerill WC, Lunt M, Silman AJ, Reeve J, et al. Incidence of limb fracture across 
Europe: results from the European Prospective Osteoporosis Study (EPOS). Osteoporos Int. 2002;13:
565–71. [DOI] [PubMed]

24.     

Zhu Z, Yu P, Wu Y, Wu Y, Tan Z, Ling J, et al. Sex Specific Global Burden of Osteoporosis in 204 
Countries and Territories, from 1990 to 2030: An Age-Period-Cohort Modeling Study. J Nutr Health 
Aging. 2023;27:767–74. [DOI] [PubMed] [PMC]

25.     

Kanis JA. Assessment of fracture risk and its application to screening for postmenopausal 
osteoporosis: synopsis of a WHO report. WHO Study Group. Osteoporos Int. 1994;4:368–81. [DOI] 
[PubMed]

26.     

Docaj A, Carriero A. Bone health: Quality versus quantity. J Pediatr Soc North Am. 2024;7:100054. 
[DOI] [PubMed] [PMC]

27.     

Osteoporosis prevention, diagnosis, and therapy. NIH Consens Statement. 2000;17:1–45. [PubMed]28.     
Bone mass [Internet]. [cited 2025 Dec 31]. Available from: https://www.cancer.gov/publications/di
ctionaries/cancer-terms/def/bone-mass

29.     

John A Kanis on behalf of the World Health Organization Scientific Group. Assessment of 
osteoporosis at the primary health care level. Sheffield (UK): WHO Collaborating Centre for 
Metabolic Bone Diseases, University of Sheffield Medical School; 2007.

30.     

Kanis JA, Melton LJ 3rd, Christiansen C, Johnston CC, Khaltaev N. The diagnosis of osteoporosis. J 
Bone Miner Res. 1994;9:1137–41. [DOI] [PubMed]

31.     

Cummings SR, Bates D, Black DM. Clinical use of bone densitometry: scientific review. JAMA. 2002;
288:1889–97. [DOI] [PubMed]

32.     

Bouxsein ML. Technology insight: noninvasive assessment of bone strength in osteoporosis. Nat Clin 
Pract Rheumatol. 2008;4:310–8. [DOI] [PubMed]

33.     

Engelke K, Glüer CC. Quality and performance measures in bone densitometry: part 1: errors and 
diagnosis. Osteoporos Int. 2006;17:1283–92. [DOI] [PubMed]

34.     

Martins PC, Alves Junior CAS, Silva AM, Silva DAS. Phase angle and body composition: A scoping 
review. Clin Nutr ESPEN. 2023;56:237–50. [DOI] [PubMed]

35.     

Bhattacharya A, Watts NB, Gordon J, Shukla R, Waters T, Bartels S, et al. Bone quantity and quality of 
youths working on a farm-a pilot study. J Agromedicine. 2007;12:27–38. [DOI] [PubMed]

36.     

https://dx.doi.org/10.1002/jbmr.5650070214
http://www.ncbi.nlm.nih.gov/pubmed/1570766
https://dx.doi.org/10.1016/j.acra.2006.01.005
http://www.ncbi.nlm.nih.gov/pubmed/16627192
https://dx.doi.org/10.7326/0003-4819-128-10-199805150-00001
http://www.ncbi.nlm.nih.gov/pubmed/9599190
https://dx.doi.org/10.1359/JBMR.041214
http://www.ncbi.nlm.nih.gov/pubmed/15765173
https://dx.doi.org/10.1007/s001980050218
http://www.ncbi.nlm.nih.gov/pubmed/10525713
https://dx.doi.org/10.1359/JBMR.040917
http://www.ncbi.nlm.nih.gov/pubmed/15537435
https://dx.doi.org/10.2105/ajph.72.6.605
http://www.ncbi.nlm.nih.gov/pubmed/7072880
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1650126
https://dx.doi.org/10.1007/s001980200074
http://www.ncbi.nlm.nih.gov/pubmed/12111017
https://dx.doi.org/10.1007/s12603-023-1971-4
http://www.ncbi.nlm.nih.gov/pubmed/37754217
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12275514
https://dx.doi.org/10.1007/BF01622200
http://www.ncbi.nlm.nih.gov/pubmed/7696835
https://dx.doi.org/10.1016/j.jposna.2024.100054
http://www.ncbi.nlm.nih.gov/pubmed/40433261
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12088120
http://www.ncbi.nlm.nih.gov/pubmed/11525451
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/bone-mass
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/bone-mass
https://dx.doi.org/10.1002/jbmr.5650090802
http://www.ncbi.nlm.nih.gov/pubmed/7976495
https://dx.doi.org/10.1001/jama.288.15.1889
http://www.ncbi.nlm.nih.gov/pubmed/12377088
https://dx.doi.org/10.1038/ncprheum0798
http://www.ncbi.nlm.nih.gov/pubmed/18431371
https://dx.doi.org/10.1007/s00198-005-0039-0
http://www.ncbi.nlm.nih.gov/pubmed/16821003
https://dx.doi.org/10.1016/j.clnesp.2023.05.015
http://www.ncbi.nlm.nih.gov/pubmed/37344079
https://dx.doi.org/10.1080/10599240801985589
http://www.ncbi.nlm.nih.gov/pubmed/19042677


Explor Endocr Metab Dis. 2026;3:101456 | https://doi.org/10.37349/eemd.2026.101456 Page 23

Alomari AH, Wille ML, Langton CM. Bone volume fraction and structural parameters for estimation 
of mechanical stiffness and failure load of human cancellous bone samples; in-vitro comparison of 
ultrasound transit time spectroscopy and X-ray μCT. Bone. 2018;107:145–53. [DOI] [PubMed]

37.     

Compston J. Bone quality: what is it and how is it measured? Arq Bras Endocrinol Metabol. 2006;50:
579–85. [DOI] [PubMed]

38.     

Licata A. Bone density vs bone quality: what’s a clinician to do? Cleve Clin J Med. 2009;76:331–6. 
[DOI] [PubMed]

39.     

Brickley MB, Mays S. Metabolic disease. In: Ortner’s identification of pathological conditions in 
human skeletal remains. 2nd ed. Academic Press; 2019. pp. 531–66. [DOI]

40.     

Paschalis EP, Mendelsohn R, Boskey AL. Infrared assessment of bone quality: a review. Clin Orthop 
Relat Res. 2011;469:2170–8. [DOI] [PubMed] [PMC]

41.     

Lloret MJ, Fusaro M, Jørgensen HS, Haarhaus M, Gifre L, Alfieri CM, et al. Evaluating Osteoporosis in 
Chronic Kidney Disease: Both Bone Quantity and Quality Matter. J Clin Med. 2024;13:1010. [DOI] 
[PubMed] [PMC]

42.     

Sheu A, Diamond T. Bone mineral density: testing for osteoporosis. Aust Prescr. 2016;39:35–9. [DOI] 
[PubMed] [PMC]

43.     

Amarnath SS, Kumar V, Das SL. Classification of Osteoporosis. Indian J Orthop. 2023;57:49–54. [DOI] 
[PubMed] [PMC]

44.     

Indications for Bone Mineral Density (BMD) Testing [Internet]. [cited 2025 Aug 28]. Available from: 
https://iscd.org/official-positions-2023/

45.     

Bianchi ML, Baim S, Bishop NJ, Gordon CM, Hans DB, Langman CB, et al. Official positions of the 
International Society for Clinical Densitometry (ISCD) on DXA evaluation in children and 
adolescents. Pediatr Nephrol. 2010;25:37–47. [DOI] [PubMed]

46.     

Aibar-Almazán A, Voltes-Martínez A, Castellote-Caballero Y, Afanador-Restrepo DF, Carcelén-Fraile 
MDC, López-Ruiz E. Current Status of the Diagnosis and Management of Osteoporosis. Int J Mol Sci. 
2022;23:9465. [DOI] [PubMed] [PMC]

47.     

Lorentzon M, Cummings SR. Osteoporosis: the evolution of a diagnosis. J Intern Med. 2015;277:
650–61. [DOI] [PubMed]

48.     

Ciancia S, van Rijn RR, Högler W, Appelman-Dijkstra NM, Boot AM, Sas TCJ, et al. Osteoporosis in 
children and adolescents: when to suspect and how to diagnose it. Eur J Pediatr. 2022;181:2549–61. 
[DOI] [PubMed] [PMC]

49.     

Skowrońska-Jóźwiak E, Lorenc RS. Metabolic bone disease in children: etiology and treatment 
options. Treat Endocrinol. 2006;5:297–318. [DOI] [PubMed]

50.     

Testini V, Eusebi L, Tupputi U, Carpagnano FA, Bartelli F, Guglielmi G. Metabolic Bone Diseases in the 
Pediatric Population. Semin Musculoskelet Radiol. 2021;25:94–104. [DOI] [PubMed]

51.     

Lorenc RS. Idiopathic juvenile osteoporosis. Calcif Tissue Int. 2002;70:395–7. [DOI] [PubMed]52.     
Rauch F, Travers R, Norman ME, Taylor A, Parfitt AM, Glorieux FH. The bone formation defect in 
idiopathic juvenile osteoporosis is surface-specific. Bone. 2002;31:85–9. [DOI] [PubMed]

53.     

Laine CM, Laine T. Diagnosis of Osteoporosis in Children and Adolescents. Eur Endocrinol. 2013;9:
141–4. [DOI] [PubMed] [PMC]

54.     

Christenson RH. Biochemical markers of bone metabolism: an overview. Clin Biochem. 1997;30:
573–93. [DOI] [PubMed]

55.     

Rozenberg S, Bruyère O, Bergmann P, Cavalier E, Gielen E, Goemaere S, et al. How to manage 
osteoporosis before the age of 50. Maturitas. 2020;138:14–25. [DOI] [PubMed]

56.     

Boonen S, Kaufman JM, Goemaere S, Bouillon R, Vanderschueren D. The diagnosis and treatment of 
male osteoporosis: Defining, assessing, and preventing skeletal fragility in men. Eur J Intern Med. 
2007;18:6–17. [DOI] [PubMed]

57.     

https://dx.doi.org/10.1016/j.bone.2017.11.021
http://www.ncbi.nlm.nih.gov/pubmed/29198979
https://dx.doi.org/10.1590/s0004-27302006000400003
http://www.ncbi.nlm.nih.gov/pubmed/17117283
https://dx.doi.org/10.3949/ccjm.76a.08041
http://www.ncbi.nlm.nih.gov/pubmed/19487553
https://dx.doi.org/10.1016/b978-0-12-809738-0.00015-6
https://dx.doi.org/10.1007/s11999-010-1751-4
http://www.ncbi.nlm.nih.gov/pubmed/21210314
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3126953
https://dx.doi.org/10.3390/jcm13041010
http://www.ncbi.nlm.nih.gov/pubmed/38398323
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10889712
https://dx.doi.org/10.18773/austprescr.2016.020
http://www.ncbi.nlm.nih.gov/pubmed/27340320
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4917635
https://dx.doi.org/10.1007/s43465-023-01058-3
http://www.ncbi.nlm.nih.gov/pubmed/38107823
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10721754
https://iscd.org/official-positions-2023/
https://dx.doi.org/10.1007/s00467-009-1249-z
http://www.ncbi.nlm.nih.gov/pubmed/19603190
https://dx.doi.org/10.3390/ijms23169465
http://www.ncbi.nlm.nih.gov/pubmed/36012730
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9408932
https://dx.doi.org/10.1111/joim.12369
http://www.ncbi.nlm.nih.gov/pubmed/25832448
https://dx.doi.org/10.1007/s00431-022-04455-2
http://www.ncbi.nlm.nih.gov/pubmed/35384509
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9192469
https://dx.doi.org/10.2165/00024677-200605050-00004
http://www.ncbi.nlm.nih.gov/pubmed/17002489
https://dx.doi.org/10.1055/s-0040-1722566
http://www.ncbi.nlm.nih.gov/pubmed/34020471
https://dx.doi.org/10.1007/s00223-001-0045-y
http://www.ncbi.nlm.nih.gov/pubmed/11973603
https://dx.doi.org/10.1016/s8756-3282(02)00814-1
http://www.ncbi.nlm.nih.gov/pubmed/12110417
https://dx.doi.org/10.17925/EE.2013.09.02.141
http://www.ncbi.nlm.nih.gov/pubmed/29922371
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6003589
https://dx.doi.org/10.1016/s0009-9120(97)00113-6
http://www.ncbi.nlm.nih.gov/pubmed/9455610
https://dx.doi.org/10.1016/j.maturitas.2020.05.004
http://www.ncbi.nlm.nih.gov/pubmed/32631584
https://dx.doi.org/10.1016/j.ejim.2006.09.005
http://www.ncbi.nlm.nih.gov/pubmed/17223036


Explor Endocr Metab Dis. 2026;3:101456 | https://doi.org/10.37349/eemd.2026.101456 Page 24

Vidal L, Vidal M, Cabrera S, Ortega E, Santiváñez V, Polo J, et al. Metabolismo mineral óseo durante la 
gestación y efectos sobre la masa ósea de la madre. An Fac Med. 2008;69:198–205.

58.     

Scioscia MF, Vidal M, Sarli M, Guelman R, Danilowicz K, Mana D, et al. Severe Bone Microarchitecture 
Impairment in Women With Pregnancy and Lactation-Associated Osteoporosis. J Endocr Soc. 2021;
5:bvab031. [DOI] [PubMed] [PMC]

59.     

Kovacs CS. Complex clinical encounter series: osteoporosis presenting during pregnancy and 
lactation: wait and reassess. J Bone Miner Res. 2024;39:197–201. [DOI] [PubMed] [PMC]

60.     

Kovacs CS, Ralston SH. Presentation and management of osteoporosis presenting in association with 
pregnancy or lactation. Osteoporos Int. 2015;26:2223–41. [DOI] [PubMed]

61.     

Gashi A, Ismajli J, Berisha I, Elshani B, Rraci B, Berisha A. Osteoporosis during Pregnancy - Case 
Report and Review. Rheumatology (Bulgaria). 2021;29:85–90. [DOI]

62.     

Kalkwarf HJ. Lactation and maternal bone health. Adv Exp Med Biol. 2004;554:101–14. [DOI] 
[PubMed]

63.     

Thomas M, Weisman SM. Calcium supplementation during pregnancy and lactation: effects on the 
mother and the fetus. Am J Obstet Gynecol. 2006;194:937–45. [DOI] [PubMed]

64.     

Carsote M, Turturea MR, Valea A, Buescu C, Nistor C, Turturea IF. Bridging the Gap: Pregnancy-And 
Lactation-Associated Osteoporosis. Diagnostics (Basel). 2023;13:1615. [DOI] [PubMed] [PMC]

65.     

Riggs BL. Overview of osteoporosis. West J Med. 1991;154:63–77. [PubMed] [PMC]66.     
Johnston CB, Dagar M. Osteoporosis in Older Adults. Med Clin North Am. 2020;104:873–84. [DOI] 
[PubMed]

67.     

Ebeling PR, Nguyen HH, Aleksova J, Vincent AJ, Wong P, Milat F. Secondary Osteoporosis. Endocr Rev. 
2022;43:240–313. [DOI] [PubMed]

68.     

Panday K, Gona A, Humphrey MB. Medication-induced osteoporosis: screening and treatment 
strategies. Ther Adv Musculoskelet Dis. 2014;6:185–202. [DOI] [PubMed] [PMC]

69.     

Ganesan K, Jandu JS, Anastasopoulou C, Ahsun S, Roane D. Secondary Osteoporosis. In: StatPearls. 
Treasure Island (FL): StatPearls Publishing; 2025. [PubMed]

70.     

Lei S, Zhang X, Song L, Wen J, Zhang Z, Tian J, et al. Expert consensus on vitamin D in osteoporosis. 
Ann Jt. 2025;10:1. [DOI] [PubMed] [PMC]

71.     

Sabri SA, Chavarria JC, Ackert-Bicknell C, Swanson C, Burger E. Osteoporosis: An Update on 
Screening, Diagnosis, Evaluation, and Treatment. Orthopedics. 2023;46:e20–6. [DOI] [PubMed] 
[PMC]

72.     

Hofbauer LC, Hamann C, Ebeling PR. Approach to the patient with secondary osteoporosis. Eur J 
Endocrinol. 2010;162:1009–20. [DOI] [PubMed]

73.     

Bianchi ML, Bishop NJ, Guañabens N, Hofmann C, Jakob F, Roux C, et al.; Rare Bone Disease Action 
Group of the European Calcified Tissue Society. Hypophosphatasia in adolescents and adults: 
overview of diagnosis and treatment. Osteoporos Int. 2020;31:1445–60. [DOI] [PubMed]

74.     

Choida V, Bubbear JS. Update on the management of hypophosphatasia. Ther Adv Musculoskelet Dis. 
2019;11:1759720X19863997. [DOI] [PubMed] [PMC]

75.     

Seefried L, Alzahrani A, Arango Sancho P, Bacchetta J, Crowley R, Emma F, et al. XLH Matters 2022: 
Insights and recommendations to improve outcomes for people living with X-linked 
hypophosphataemia (XLH). Orphanet J Rare Dis. 2023;18:333. [DOI] [PubMed] [PMC]

76.     

Forlino A, Marini JC. Osteogenesis imperfecta. Lancet. 2016;387:1657–71. [DOI] [PubMed] [PMC]77.     
Charoenngam N, Rittiphairoj T, Ponvilawan B, Jaroenlapnopparat A, Waitayangkoon P, 
Suppakitjanusant P, et al. Bone Fragility in Hereditary Connective Tissue Disorders: A Systematic 
Review and Meta-Analysis. Endocr Pract. 2023;29:589–600. [DOI] [PubMed]

78.     

Mazziotti G, Dordoni C, Doga M, Galderisi F, Venturini M, Calzavara-Pinton P, et al. High prevalence of 
radiological vertebral fractures in adult patients with Ehlers-Danlos syndrome. Bone. 2016;84:
88–92. [DOI] [PubMed]

79.     

https://dx.doi.org/10.1210/jendso/bvab031
http://www.ncbi.nlm.nih.gov/pubmed/33860131
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8035983
https://dx.doi.org/10.1093/jbmr/zjae038
http://www.ncbi.nlm.nih.gov/pubmed/38477812
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11207916
https://dx.doi.org/10.1007/s00198-015-3149-3
http://www.ncbi.nlm.nih.gov/pubmed/25939309
https://dx.doi.org/10.35465/29.2.2021.pp85-90
https://dx.doi.org/10.1007/978-1-4757-4242-8_10
http://www.ncbi.nlm.nih.gov/pubmed/15384570
https://dx.doi.org/10.1016/j.ajog.2005.05.032
http://www.ncbi.nlm.nih.gov/pubmed/16580279
https://dx.doi.org/10.3390/diagnostics13091615
http://www.ncbi.nlm.nih.gov/pubmed/37175006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10177839
http://www.ncbi.nlm.nih.gov/pubmed/2024511
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1002677
https://dx.doi.org/10.1016/j.mcna.2020.06.004
http://www.ncbi.nlm.nih.gov/pubmed/32773051
https://dx.doi.org/10.1210/endrev/bnab028
http://www.ncbi.nlm.nih.gov/pubmed/34476488
https://dx.doi.org/10.1177/1759720X14546350
http://www.ncbi.nlm.nih.gov/pubmed/25342997
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4206646
http://www.ncbi.nlm.nih.gov/pubmed/29262237
https://dx.doi.org/10.21037/aoj-24-48
http://www.ncbi.nlm.nih.gov/pubmed/39981430
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11836767
https://dx.doi.org/10.3928/01477447-20220719-03
http://www.ncbi.nlm.nih.gov/pubmed/35876780
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10084730
https://dx.doi.org/10.1530/EJE-10-0015
http://www.ncbi.nlm.nih.gov/pubmed/20231368
https://dx.doi.org/10.1007/s00198-020-05345-9
http://www.ncbi.nlm.nih.gov/pubmed/32162014
https://dx.doi.org/10.1177/1759720X19863997
http://www.ncbi.nlm.nih.gov/pubmed/31413732
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6676257
https://dx.doi.org/10.1186/s13023-023-02883-3
http://www.ncbi.nlm.nih.gov/pubmed/37885021
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10604503
https://dx.doi.org/10.1016/S0140-6736(15)00728-X
http://www.ncbi.nlm.nih.gov/pubmed/26542481
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7384887
https://dx.doi.org/10.1016/j.eprac.2023.02.003
http://www.ncbi.nlm.nih.gov/pubmed/36804968
https://dx.doi.org/10.1016/j.bone.2015.12.007
http://www.ncbi.nlm.nih.gov/pubmed/26708925


Explor Endocr Metab Dis. 2026;3:101456 | https://doi.org/10.37349/eemd.2026.101456 Page 25

Eller-Vainicher C, Bassotti A, Imeraj A, Cairoli E, Ulivieri FM, Cortini F, et al. Bone involvement in 
adult patients affected with Ehlers-Danlos syndrome. Osteoporos Int. 2016;27:2525–31. [DOI] 
[PubMed]

80.     

Vestergaard P. Discrepancies in bone mineral density and fracture risk in patients with type 1 and 
type 2 diabetes—a meta-analysis. Osteoporos Int. 2007;18:427–44. [DOI] [PubMed]

81.     

Bolanowski M, Halupczok J, Jawiarczyk-Przybyłowska A. Pituitary disorders and osteoporosis. Int J 
Endocrinol. 2015;2015:206853. [DOI] [PubMed] [PMC]

82.     

Wüster C, Abs R, Bengtsson BA, Bennmarker H, Feldt-Rasmussen U, Hernberg-Ståhl E, et al.; KIMS 
Study Group and the KIMS International Board. Pharmacia & Upjohn International Metabolic 
Database. The influence of growth hormone deficiency, growth hormone replacement therapy, and 
other aspects of hypopituitarism on fracture rate and bone mineral density. J Bone Miner Res. 2001;
16:398–405. [DOI] [PubMed]

83.     

Cohen A, Shane E. Evaluation and management of the premenopausal woman with low BMD. Curr 
Osteoporos Rep. 2013;11:276–85. [DOI] [PubMed] [PMC]

84.     

Misra M. Effects of hypogonadism on bone metabolism in female adolescents and young adults. Nat 
Rev Endocrinol. 2012;8:395–404. [DOI] [PubMed]

85.     

WHO Guidelines on Hepatitis B and C Testing. Geneva: World Health Organization; 2017. [PubMed]86.     
Al Nofal AA, Altayar O, BenKhadra K, Qasim Agha OQ, Asi N, Nabhan M, et al. Bone turnover markers 
in Paget’s disease of the bone: A Systematic review and meta-analysis. Osteoporos Int. 2015;26:
1875–91. [DOI] [PubMed]

87.     

Vidal LF, Vidal M, Lane NE, Keen R, Alba R. Doses and schemes for correcting vitamin D deficiency: an 
update. Food Nutr J. 2024;9:290. [DOI]

88.     

Vidal M, Lane NE. The importance of vitamin D. ROM. 2020;5:1–9. [DOI]89.     
Tuckey RC, Cheng CYS, Slominski AT. The serum vitamin D metabolome: What we know and what is 
still to discover. J Steroid Biochem Mol Biol. 2019;186:4–21. [DOI] [PubMed] [PMC]

90.     

Makris K, Sempos C, Cavalier E. The measurement of vitamin D metabolites part II-the measurement 
of the various vitamin D metabolites. Hormones (Athens). 2020;19:97–107. [DOI] [PubMed]

91.     

Holick MF. Vitamin D: A millenium perspective. J Cell Biochem. 2003;88:296–307. [DOI] [PubMed]92.     
Vieth R. Vitamin D supplementation, 25-hydroxyvitamin D concentrations, and safety. Am J Clin Nutr. 
1999;69:842–56. [DOI] [PubMed]

93.     

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney RP, et al. Endocrine 
Society. Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine Society clinical 
practice guideline. J Clin Endocrinol Metab. 2011;96:1911–30. [DOI] [PubMed]

94.     

Chevalley T, Brandi ML, Cashman KD, Cavalier E, Harvey NC, Maggi S, et al. Role of vitamin D 
supplementation in the management of musculoskeletal diseases: update from an European Society 
of Clinical and Economical Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases 
(ESCEO) working group. Aging Clin Exp Res. 2022;34:2603–23. [DOI] [PubMed] [PMC]

95.     

Bertoldo F, Cianferotti L, Di Monaco M, Falchetti A, Fassio A, Gatti D, et al. Definition, Assessment, 
and Management of Vitamin D Inadequacy: Suggestions, Recommendations, and Warnings from the 
Italian Society for Osteoporosis, Mineral Metabolism and Bone Diseases (SIOMMMS). Nutrients. 
2022;14:4148. [DOI] [PubMed] [PMC]

96.     

Al Saleh Y, Beshyah SA, Hussein W, Almadani A, Hassoun A, Al Mamari A, et al. Diagnosis and 
management of vitamin D deficiency in the Gulf Cooperative Council (GCC) countries: an expert 
consensus summary statement from the GCC vitamin D advisory board. Arch Osteoporos. 2020;15:
35. [DOI] [PubMed]

97.     

Camacho PM, Petak SM, Binkley N, Diab DL, Eldeiry LS, Farooki A, et al. American Association of 
Clinical Endocrinologists/American College of Endocrinology clinical practice guidelines for the 
diagnosis and treatment of postmenopausal osteoporosis—2020 update. Endocr Pract. 2020;26:
1–46. [DOI] [PubMed]

98.     

https://dx.doi.org/10.1007/s00198-016-3562-2
http://www.ncbi.nlm.nih.gov/pubmed/27084695
https://dx.doi.org/10.1007/s00198-006-0253-4
http://www.ncbi.nlm.nih.gov/pubmed/17068657
https://dx.doi.org/10.1155/2015/206853
http://www.ncbi.nlm.nih.gov/pubmed/25873948
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4383139
https://dx.doi.org/10.1359/jbmr.2001.16.2.398
http://www.ncbi.nlm.nih.gov/pubmed/11204440
https://dx.doi.org/10.1007/s11914-013-0161-4
http://www.ncbi.nlm.nih.gov/pubmed/24091896
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4139032
https://dx.doi.org/10.1038/nrendo.2011.238
http://www.ncbi.nlm.nih.gov/pubmed/22271187
http://www.ncbi.nlm.nih.gov/pubmed/28742301
https://dx.doi.org/10.1007/s00198-015-3095-0
http://www.ncbi.nlm.nih.gov/pubmed/26037791
https://dx.doi.org/10.29011/2575-7091.100190
https://dx.doi.org/10.15761/ROM.1000171
https://dx.doi.org/10.1016/j.jsbmb.2018.09.003
http://www.ncbi.nlm.nih.gov/pubmed/30205156
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6342654
https://dx.doi.org/10.1007/s42000-020-00188-9
http://www.ncbi.nlm.nih.gov/pubmed/32221839
https://dx.doi.org/10.1002/jcb.10338
http://www.ncbi.nlm.nih.gov/pubmed/12520530
https://dx.doi.org/10.1093/ajcn/69.5.842
http://www.ncbi.nlm.nih.gov/pubmed/10232622
https://dx.doi.org/10.1210/jc.2011-0385
http://www.ncbi.nlm.nih.gov/pubmed/21646368
https://dx.doi.org/10.1007/s40520-022-02279-6
http://www.ncbi.nlm.nih.gov/pubmed/36287325
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9607746
https://dx.doi.org/10.3390/nu14194148
http://www.ncbi.nlm.nih.gov/pubmed/36235800
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9573415
https://dx.doi.org/10.1007/s11657-020-0709-8
http://www.ncbi.nlm.nih.gov/pubmed/32124080
https://dx.doi.org/10.4158/GL-2020-0524SUPPL
http://www.ncbi.nlm.nih.gov/pubmed/32427503


Explor Endocr Metab Dis. 2026;3:101456 | https://doi.org/10.37349/eemd.2026.101456 Page 26

Casado E, Quesada JM, Naves M, Peris P, Jódar E, Giner M, et al. Recomendaciones de la SEIOMM en la 
prevención y tratamiento del déficit de vitamina D. Rev Osteoporos Metab Miner. 2021;13:84–97. 
[DOI]

99.     

Pludowski P, Takacs I, Boyanov M, Belaya Z, Diaconu CC, Mokhort T, et al. Clinical Practice in the 
Prevention, Diagnosis and Treatment of Vitamin D Deficiency: A Central and Eastern European 
Expert Consensus Statement. Nutrients. 2022;14:1483. [DOI] [PubMed] [PMC]

100.     

Gregson CL, Armstrong DJ, Bowden J, Cooper C, Edwards J, Gittoes NJL, et al. UK clinical guideline for 
the prevention and treatment of osteoporosis. Arch Osteoporos. 2022;17:58. [DOI] [PubMed] [PMC]

101.     

Cosman F, de Beur SJ, LeBoff MS, Lewiecki EM, Tanner B, Randall S, et al. National Osteoporosis 
Foundation. Clinician’s Guide to Prevention and Treatment of Osteoporosis. Osteoporos Int. 2014;25:
2359–81. [DOI] [PubMed] [PMC]

102.     

Souberbielle JC, Cormier C, Cavalier E, Breuil V, Debiais F, Fardellone P, et al.; au nom du Groupe de 
recherche et d’information sur les ostéoporoses, (GRIO). Vitamin D Supplementation in France in 
patients with or at risk for osteoporosis: Recent data and new practices. Joint Bone Spine. 2020;87:
25–9. [DOI] [PubMed]

103.     

Khundmiri SJ, Murray RD, Lederer E. PTH and Vitamin D. Compr Physiol. 2016;6:561–601. [DOI] 
[PubMed] [PMC]

104.     

Pepe J, Colangelo L, Pilotto R, De Martino V, Ferrara C, Scillitani A, et al. Short-Term Effects of 
Escalating Doses of Cholecalciferol on FGF23 and 24,25(OH)2 Vitamin D Levels: A Preliminary 
Investigation. Nutrients. 2024;16:3600. [DOI] [PubMed] [PMC]

105.     

Jeon SM, Shin EA. Exploring vitamin D metabolism and function in cancer. Exp Mol Med. 2018;50:
1–14. [DOI] [PubMed] [PMC]

106.     

Collins L, Boehm E, Luxford C, Clifton-Bligh R, Grill V. Hypervitaminosis D Secondary to a CYP24A1 
Loss-of-Function Mutation: An Unusual Cause of Hypercalcemia in Two Siblings. JBMR Plus. 2023;7:
e10788. [DOI] [PubMed] [PMC]

107.     

Meyer MB, Pike JW. Mechanistic homeostasis of vitamin D metabolism in the kidney through 
reciprocal modulation of Cyp27b1 and Cyp24a1 expression. J Steroid Biochem Mol Biol. 2020;196:
105500. [DOI] [PubMed] [PMC]

108.     

Vidal M, Lane NE. Vitamin D and Its Role in Rheumatic Diseases. Metabolites. 2025;15:259. [DOI] 
[PubMed] [PMC]

109.     

Giustina A, Bouillon R, Dawson-Hughes B, Ebeling PR, Lazaretti-Castro M, Lips P, et al. Vitamin D in 
the older population: a consensus statement. Endocrine. 2023;79:31–44. [DOI] [PubMed] [PMC]

110.     

Calcium: Fact Sheet for Health Professionals [Internet]. [cited 2025 Aug 28]. Available from: https://
ods.od.nih.gov/factsheets/Calcium-HealthProfessional/

111.     

Institute of Medicine (US) Committee to Review Dietary Reference Intakes for Vitamin D and 
Calcium. The National Academies Collection: Reports funded by National Institutes of Health. In: 
Ross AC, Taylor CL, Yaktine AL, Del Valle HB, editors. Dietary Reference Intakes for Calcium and 
Vitamin D. Washington (DC): National Academies Press (US); 2011. [DOI] [PubMed]

112.     

Rizzoli R, Biver E, Brennan-Speranza TC. Nutritional intake and bone health. Lancet Diabetes 
Endocrinol. 2021;9:606–21. [DOI] [PubMed]

113.     

Heaney RP, Weaver CM, Recker RR. Calcium absorbability from spinach. Am J Clin Nutr. 1988;47:
707–9. [DOI] [PubMed]

114.     

Weaver CM, Alexander DD, Boushey CJ, Dawson-Hughes B, Lappe JM, LeBoff MS, et al. Calcium plus 
vitamin D supplementation and risk of fractures: an updated meta-analysis from the National 
Osteoporosis Foundation. Osteoporos Int. 2016;27:367–76. [DOI] [PubMed] [PMC]

115.     

Iuliano S, Poon S, Robbins J, Bui M, Wang X, De Groot L, et al. Effect of dietary sources of calcium and 
protein on hip fractures and falls in older adults in residential care: cluster randomised controlled 
trial. BMJ. 2021;375:n2364. [DOI] [PubMed] [PMC]

116.     

https://dx.doi.org/10.4321/S1889-836X2021000200007
https://dx.doi.org/10.3390/nu14071483
http://www.ncbi.nlm.nih.gov/pubmed/35406098
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9002638
https://dx.doi.org/10.1007/s11657-022-01061-5
http://www.ncbi.nlm.nih.gov/pubmed/35378630
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8979902
https://dx.doi.org/10.1007/s00198-014-2794-2
http://www.ncbi.nlm.nih.gov/pubmed/25182228
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4176573
https://dx.doi.org/10.1016/j.jbspin.2019.04.004
http://www.ncbi.nlm.nih.gov/pubmed/31051244
https://dx.doi.org/10.1002/cphy.c140071
http://www.ncbi.nlm.nih.gov/pubmed/27065162
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11163478
https://dx.doi.org/10.3390/nu16213600
http://www.ncbi.nlm.nih.gov/pubmed/39519433
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11547203
https://dx.doi.org/10.1038/s12276-018-0038-9
http://www.ncbi.nlm.nih.gov/pubmed/29657326
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5938036
https://dx.doi.org/10.1002/jbm4.10788
http://www.ncbi.nlm.nih.gov/pubmed/37701149
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10494500
https://dx.doi.org/10.1016/j.jsbmb.2019.105500
http://www.ncbi.nlm.nih.gov/pubmed/31629064
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6954286
https://dx.doi.org/10.3390/metabo15040259
http://www.ncbi.nlm.nih.gov/pubmed/40278388
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12029499
https://dx.doi.org/10.1007/s12020-022-03208-3
http://www.ncbi.nlm.nih.gov/pubmed/36287374
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9607753
https://ods.od.nih.gov/factsheets/Calcium-HealthProfessional/
https://ods.od.nih.gov/factsheets/Calcium-HealthProfessional/
https://dx.doi.org/10.17226/13050
http://www.ncbi.nlm.nih.gov/pubmed/21796828
https://dx.doi.org/10.1016/S2213-8587(21)00119-4
http://www.ncbi.nlm.nih.gov/pubmed/34242583
https://dx.doi.org/10.1093/ajcn/47.4.707
http://www.ncbi.nlm.nih.gov/pubmed/3354496
https://dx.doi.org/10.1007/s00198-015-3386-5
http://www.ncbi.nlm.nih.gov/pubmed/26510847
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4715837
https://dx.doi.org/10.1136/bmj.n2364
http://www.ncbi.nlm.nih.gov/pubmed/34670754
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8527562


Explor Endocr Metab Dis. 2026;3:101456 | https://doi.org/10.37349/eemd.2026.101456 Page 27

Voulgaridou G, Papadopoulou SK, Detopoulou P, Tsoumana D, Giaginis C, Kondyli FS, et al. Vitamin D 
and Calcium in Osteoporosis, and the Role of Bone Turnover Markers: A Narrative Review of Recent 
Data from RCTs. Diseases. 2023;11:29. [DOI] [PubMed] [PMC]

117.     

Yao P, Bennett D, Mafham M, Lin X, Chen Z, Armitage J, et al. Vitamin D and Calcium for the 
Prevention of Fracture: A Systematic Review and Meta-analysis. JAMA Netw Open. 2019;2:
e1917789. [DOI] [PubMed] [PMC]

118.     

Manoj P, Derwin R, George S. What is the impact of daily oral supplementation of vitamin D3 
(cholecalciferol) plus calcium on the incidence of hip fracture in older people? A systematic review 
and meta-analysis. Int J Older People Nurs. 2023;18:e12492. [DOI] [PubMed] [PMC]

119.     

Tucker KL. Vegetarian diets and bone status. Am J Clin Nutr. 2014;100 Suppl 1:329S–35S. [DOI] 
[PubMed]

120.     

Tong TYN, Appleby PN, Armstrong MEG, Fensom GK, Knuppel A, Papier K, et al. Vegetarian and 
vegan diets and risks of total and site-specific fractures: results from the prospective EPIC-Oxford 
study. BMC Med. 2020;18:353. [DOI] [PubMed] [PMC]

121.     

Ho-Pham LT, Nguyen ND, Nguyen TV. Effect of vegetarian diets on bone mineral density: a Bayesian 
meta-analysis. Am J Clin Nutr. 2009;90:943–50. [DOI] [PubMed]

122.     

Mangels AR. Bone nutrients for vegetarians. Am J Clin Nutr. 2014;100 Suppl 1:469S–75S. [DOI] 
[PubMed]

123.     

Falchetti A, Cavati G, Valenti R, Mingiano C, Cosso R, Gennari L, et al. The effects of vegetarian diets 
on bone health: A literature review. Front Endocrinol (Lausanne). 2022;13:899375. [DOI] [PubMed] 
[PMC]

124.     

Yuan S, Wan ZH, Cheng SL, Michaëlsson K, Larsson SC. Insulin-like Growth Factor-1, Bone Mineral 
Density, and Fracture: A Mendelian Randomization Study. J Clin Endocrinol Metab. 2021;106:
e1552–8. [DOI] [PubMed] [PMC]

125.     

Herrmann W, Schorr H, Obeid R, Geisel J. Vitamin B-12 status, particularly holotranscobalamin II and 
methylmalonic acid concentrations, and hyperhomocysteinemia in vegetarians. Am J Clin Nutr. 2003;
78:131–6. [DOI] [PubMed]

126.     

Dhonukshe-Rutten RA, Lips M, de Jong N, Chin A Paw MJ, Hiddink GJ, van Dusseldorp M, et al. 
Vitamin B-12 status is associated with bone mineral content and bone mineral density in frail elderly 
women but not in men. J Nutr. 2003;133:801–7. [DOI] [PubMed]

127.     

Merlotti D, Mingiano C, Valenti R, Cavati G, Calabrese M, Pirrotta F, et al. Bone Fragility in 
Gastrointestinal Disorders. Int J Mol Sci. 2022;23:2713. [DOI] [PubMed] [PMC]

128.     

Hao L, Mu S, Yin J, Liu J. A meta-analysis of the risk of osteoporotic fractures in inflammatory bowel 
disease. Adv Clin Exp Med. 2024;33:327–33. [DOI] [PubMed]

129.     

Szafors P, Che H, Barnetche T, Morel J, Gaujoux-Viala C, Combe B, et al. Risk of fracture and low bone 
mineral density in adults with inflammatory bowel diseases. A systematic literature review with 
meta-analysis. Osteoporos Int. 2018;29:2389–97. [DOI] [PubMed]

130.     

Laakso S, Valta H, Verkasalo M, Toiviainen-Salo S, Viljakainen H, Mäkitie O. Impaired bone health in 
inflammatory bowel disease: a case-control study in 80 pediatric patients. Calcif Tissue Int. 2012;91:
121–30. [DOI] [PubMed]

131.     

Zacay G, Weintraub I, Regev R, Modan-Moses D, Levy-Shraga Y. Fracture risk among children and 
adolescents with celiac disease: a nationwide cohort study. Pediatr Res. 2024;95:386–92. [DOI] 
[PubMed]

132.     

Hansen S, Schwarz P, Rumessen J, Linneberg A, Kårhus LL. Osteoporosis and bone fractures in 
patients with celiac disease: A nationwide cohort study. Bone. 2023;177:116913. [DOI] [PubMed]

133.     

Fedewa MV, Bentley JL, Higgins S, Kindler JM, Esco MR, MacDonald HV. Celiac Disease and Bone 
Health in Children and Adolescents: A Systematic Review and Meta-Analysis. J Clin Densitom. 2020;
23:200–11. [DOI] [PubMed]

134.     

https://dx.doi.org/10.3390/diseases11010029
http://www.ncbi.nlm.nih.gov/pubmed/36810543
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9944083
https://dx.doi.org/10.1001/jamanetworkopen.2019.17789
http://www.ncbi.nlm.nih.gov/pubmed/31860103
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6991219
https://dx.doi.org/10.1111/opn.12492
http://www.ncbi.nlm.nih.gov/pubmed/35842938
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10078370
https://dx.doi.org/10.3945/ajcn.113.071621
http://www.ncbi.nlm.nih.gov/pubmed/24898237
https://dx.doi.org/10.1186/s12916-020-01815-3
http://www.ncbi.nlm.nih.gov/pubmed/33222682
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7682057
https://dx.doi.org/10.3945/ajcn.2009.27521
http://www.ncbi.nlm.nih.gov/pubmed/19571226
https://dx.doi.org/10.3945/ajcn.113.071423
http://www.ncbi.nlm.nih.gov/pubmed/24898231
https://dx.doi.org/10.3389/fendo.2022.899375
http://www.ncbi.nlm.nih.gov/pubmed/35992115
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9388819
https://dx.doi.org/10.1210/clinem/dgaa963
http://www.ncbi.nlm.nih.gov/pubmed/33462619
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7993594
https://dx.doi.org/10.1093/ajcn/78.1.131
http://www.ncbi.nlm.nih.gov/pubmed/12816782
https://dx.doi.org/10.1093/jn/133.3.801
http://www.ncbi.nlm.nih.gov/pubmed/12612156
https://dx.doi.org/10.3390/ijms23052713
http://www.ncbi.nlm.nih.gov/pubmed/35269854
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8910640
https://dx.doi.org/10.17219/acem/168684
http://www.ncbi.nlm.nih.gov/pubmed/37549010
https://dx.doi.org/10.1007/s00198-018-4586-6
http://www.ncbi.nlm.nih.gov/pubmed/29909470
https://dx.doi.org/10.1007/s00223-012-9617-2
http://www.ncbi.nlm.nih.gov/pubmed/22729560
https://dx.doi.org/10.1038/s41390-023-02826-5
http://www.ncbi.nlm.nih.gov/pubmed/37749190
https://dx.doi.org/10.1016/j.bone.2023.116913
http://www.ncbi.nlm.nih.gov/pubmed/37730081
https://dx.doi.org/10.1016/j.jocd.2019.02.003
http://www.ncbi.nlm.nih.gov/pubmed/30833087


Explor Endocr Metab Dis. 2026;3:101456 | https://doi.org/10.37349/eemd.2026.101456 Page 28

Heikkilä K, Pearce J, Mäki M, Kaukinen K. Celiac disease and bone fractures: a systematic review and 
meta-analysis. J Clin Endocrinol Metab. 2015;100:25–34. [DOI] [PubMed]

135.     

Lionetti E, Catassi C. The Role of Environmental Factors in the Development of Celiac Disease: What 
Is New? Diseases. 2015;3:282–93. [DOI] [PubMed] [PMC]

136.     

Oliveira DDC, da Silva DCG, Kawano MM, de Castro CT, Pereira M. Effect of a gluten-free diet on bone 
mineral density in children and adolescents with celiac disease: Systematic review and meta-
analysis. Crit Rev Food Sci Nutr. 2024;64:5192–202. [DOI] [PubMed]

137.     

Yin Y, Liang H, Wei N, Zheng Z. Prevalence of chronic atrophic gastritis worldwide from 2010 to 
2020: an updated systematic review and meta-analysis. Ann Palliat Med. 2022;11:3697–703. [DOI] 
[PubMed]

138.     

Kuang W, Xu J, Xu F, Huang W, Majid M, Shi H, et al. Current study of pathogenetic mechanisms and 
therapeutics of chronic atrophic gastritis: a comprehensive review. Front Cell Dev Biol. 2024;12:
1513426. [DOI] [PubMed] [PMC]

139.     

Kusters JG, van Vliet AH, Kuipers EJ. Pathogenesis of Helicobacter pylori infection. Clin Microbiol Rev. 
2006;19:449–90. [DOI] [PubMed] [PMC]

140.     

Lee YC, Dore MP, Graham DY. Diagnosis and Treatment of Helicobacter pylori Infection. Annu Rev 
Med. 2022;73:183–95. [DOI] [PubMed]

141.     

Oh DJ, Nam JH, Lee HS, Moon YR, Lim YJ. The combined use of anti-peptic agents is associated with 
an increased risk of osteoporotic fracture: a nationwide case-control study. Korean J Intern Med. 
2024;39:228–37. [DOI] [PubMed] [PMC]

142.     

Guañabens N, Parés A. Osteoporosis in chronic liver disease. Liver Int. 2018;38:776–85. [DOI] 
[PubMed]

143.     

Handzlik-Orlik G, Holecki M, Wilczyński K, Duława J. Osteoporosis in liver disease: pathogenesis and 
management. Ther Adv Endocrinol Metab. 2016;7:128–35. [DOI] [PubMed] [PMC]

144.     

Yang YJ, Kim DJ. An Overview of the Molecular Mechanisms Contributing to Musculoskeletal 
Disorders in Chronic Liver Disease: Osteoporosis, Sarcopenia, and Osteoporotic Sarcopenia. Int J Mol 
Sci. 2021;22:2604. [DOI] [PubMed] [PMC]

145.     

Bang CS, Shin IS, Lee SW, Kim JB, Baik GH, Suk KT, et al. Osteoporosis and bone fractures in alcoholic 
liver disease: a meta-analysis. World J Gastroenterol. 2015;21:4038–47. [DOI] [PubMed] [PMC]

146.     

Pan B, Cai J, Zhao P, Liu J, Fu S, Jing G, et al. Relationship between prevalence and risk of osteoporosis 
or osteoporotic fracture with non-alcoholic fatty liver disease: A systematic review and meta-
analysis. Osteoporos Int. 2022;33:2275–86. [DOI] [PubMed]

147.     

Lupoli R, Di Minno A, Spadarella G, Ambrosino P, Panico A, Tarantino L, et al. The risk of osteoporosis 
in patients with liver cirrhosis: a meta-analysis of literature studies. Clin Endocrinol (Oxf). 2016;84:
30–8. [DOI] [PubMed]

148.     

Shirinezhad A, Eshlaghi FM, Salabat D, Azarboo A, Ardakani ZF, Esmaeili S, et al. Prevalent 
osteoporosis and fracture risk in patients with hepatic cirrhosis: a systematic review and meta-
analysis. BMC Gastroenterol. 2025;25:115. [DOI] [PubMed] [PMC]

149.     

Terrault NA, Francoz C, Berenguer M, Charlton M, Heimbach J. Liver Transplantation 2023: Status 
Report, Current and Future Challenges. Clin Gastroenterol Hepatol. 2023;21:2150–66. [DOI] 
[PubMed]

150.     

Trebicka J, Sundaram V, Moreau R, Jalan R, Arroyo V. Liver Transplantation for Acute-on-Chronic 
Liver Failure: Science or Fiction? Liver Transpl. 2020;26:906–15. [DOI] [PubMed]

151.     

Lim WH, Ng CH, Ow ZGW, Ho OTW, Tay PWL, Wong KL, et al. A systematic review and meta-analysis 
on the incidence of osteoporosis and fractures after liver transplant. Transpl Int. 2021;34:1032–43. 
[DOI] [PubMed]

152.     

https://dx.doi.org/10.1210/jc.2014-1858
http://www.ncbi.nlm.nih.gov/pubmed/25279497
https://dx.doi.org/10.3390/diseases3040282
http://www.ncbi.nlm.nih.gov/pubmed/28943625
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5548256
https://dx.doi.org/10.1080/10408398.2022.2153103
http://www.ncbi.nlm.nih.gov/pubmed/36469632
https://dx.doi.org/10.21037/apm-21-1464
http://www.ncbi.nlm.nih.gov/pubmed/36635994
https://dx.doi.org/10.3389/fcell.2024.1513426
http://www.ncbi.nlm.nih.gov/pubmed/39720008
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11666564
https://dx.doi.org/10.1128/CMR.00054-05
http://www.ncbi.nlm.nih.gov/pubmed/16847081
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1539101
https://dx.doi.org/10.1146/annurev-med-042220-020814
http://www.ncbi.nlm.nih.gov/pubmed/35084993
https://dx.doi.org/10.3904/kjim.2023.326
http://www.ncbi.nlm.nih.gov/pubmed/38321358
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10918386
https://dx.doi.org/10.1111/liv.13730
http://www.ncbi.nlm.nih.gov/pubmed/29479832
https://dx.doi.org/10.1177/2042018816641351
http://www.ncbi.nlm.nih.gov/pubmed/27293541
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4892399
https://dx.doi.org/10.3390/ijms22052604
http://www.ncbi.nlm.nih.gov/pubmed/33807573
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7961345
https://dx.doi.org/10.3748/wjg.v21.i13.4038
http://www.ncbi.nlm.nih.gov/pubmed/25852292
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4385554
https://dx.doi.org/10.1007/s00198-022-06459-y
http://www.ncbi.nlm.nih.gov/pubmed/35764892
https://dx.doi.org/10.1111/cen.12780
http://www.ncbi.nlm.nih.gov/pubmed/25817369
https://dx.doi.org/10.1186/s12876-025-03720-6
http://www.ncbi.nlm.nih.gov/pubmed/40000980
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11853567
https://dx.doi.org/10.1016/j.cgh.2023.04.005
http://www.ncbi.nlm.nih.gov/pubmed/37084928
https://dx.doi.org/10.1002/lt.25788
http://www.ncbi.nlm.nih.gov/pubmed/32365422
https://dx.doi.org/10.1111/tri.13863
http://www.ncbi.nlm.nih.gov/pubmed/33835638


Explor Endocr Metab Dis. 2026;3:101456 | https://doi.org/10.37349/eemd.2026.101456 Page 29

Evenepoel P, Cunningham J, Ferrari S, Haarhaus M, Javaid MK, Lafage-Proust MH, et al.; European 
Renal Osteodystrophy (EUROD) workgroup, an initiative of the CKD-MBD working group of the ERA-
EDTA, and the committee of Scientific Advisors and National Societies of the IOF. European 
Consensus Statement on the diagnosis and management of osteoporosis in chronic kidney disease 
stages G4-G5D. Nephrol Dial Transplant. 2021;36:42–59. [DOI] [PubMed]

153.     

Hsu CY, Chen LR, Chen KH. Osteoporosis in Patients with Chronic Kidney Diseases: A Systemic 
Review. Int J Mol Sci. 2020;21:6846. [DOI] [PubMed] [PMC]

154.     

Goto NA, Weststrate ACG, Oosterlaan FM, Verhaar MC, Willems HC, Emmelot-Vonk MH, et al. The 
association between chronic kidney disease, falls, and fractures: a systematic review and meta-
analysis. Osteoporos Int. 2020;31:13–29. [DOI] [PubMed] [PMC]

155.     

Nickolas TL, Leonard MB, Shane E. Chronic kidney disease and bone fracture: a growing concern. 
Kidney Int. 2008;74:721–31. [DOI] [PubMed] [PMC]

156.     

Nickolas TL, McMahon DJ, Shane E. Relationship between moderate to severe kidney disease and hip 
fracture in the United States. J Am Soc Nephrol. 2006;17:3223–32. [DOI] [PubMed]

157.     

Alem AM, Sherrard DJ, Gillen DL, Weiss NS, Beresford SA, Heckbert SR, et al. Increased risk of hip 
fracture among patients with end-stage renal disease. Kidney Int. 2000;58:396–9. [DOI] [PubMed]

158.     

Vilaca T, Salam S, Schini M, Harnan S, Sutton A, Poku E, et al. Risks of Hip and Nonvertebral Fractures 
in Patients With CKD G3a-G5D: A Systematic Review and Meta-analysis. Am J Kidney Dis. 2020;76:
521–32. [DOI] [PubMed]

159.     

Gute L, Zimbudzi E. Interventions to reduce falls among dialysis patients: a systematic review. BMC 
Nephrol. 2023;24:382. [DOI] [PubMed] [PMC]

160.     

Tang J, Wang B, Yuan Q, Li X. Prevalence and risk factors of falls in people on hemodialysis: a 
systematic review and meta-analysis. Ren Fail. 2025;47:2485375. [DOI] [PubMed] [PMC]

161.     

Liu X, Liu Z, Niu Y, Zhang K, Zhang X, Yu C. The Relationship Between Fracture and Mortality in a 
Chinese Maintenance Hemodialysis Patients Cohort. J Multidiscip Healthc. 2024;17:2031–8. [DOI] 
[PubMed] [PMC]

162.     

Coleman RE. Clinical features of metastatic bone disease and risk of skeletal morbidity. Clin Cancer 
Res. 2006;12:6243s–9s. [DOI] [PubMed]

163.     

Coleman RE. Skeletal complications of malignancy. Cancer. 1997;80:1588–94. [DOI] [PubMed]164.     
Zajączkowska R, Kocot-Kępska M, Leppert W, Wordliczek J. Bone Pain in Cancer Patients: 
Mechanisms and Current Treatment. Int J Mol Sci. 2019;20:6047. [DOI] [PubMed] [PMC]

165.     

Clézardin P. Pathophysiology of bone metastases from solid malignancies. Joint Bone Spine. 2017;84:
677–84. [DOI] [PubMed]

166.     

Weilbaecher KN, Guise TA, McCauley LK. Cancer to bone: a fatal attraction. Nat Rev Cancer. 2011;11:
411–25. [DOI] [PubMed] [PMC]

167.     

Macedo F, Ladeira K, Pinho F, Saraiva N, Bonito N, Pinto L, et al. Bone Metastases: An Overview. 
Oncol Rev. 2017;11:321. [DOI] [PubMed] [PMC]

168.     

Ryan C, Stoltzfus KC, Horn S, Chen H, Louie AV, Lehrer EJ, et al. Epidemiology of bone metastases. 
Bone. 2022;158:115783. [DOI] [PubMed]

169.     

Kuchuk M, Kuchuk I, Sabri E, Hutton B, Clemons M, Wheatley-Price P. The incidence and clinical 
impact of bone metastases in non-small cell lung cancer. Lung Cancer. 2015;89:197–202. [DOI] 
[PubMed]

170.     

Kimura T. Multidisciplinary Approach for Bone Metastasis: A Review. Cancers (Basel). 2018;10:156. 
[DOI] [PubMed] [PMC]

171.     

Silbermann R, Roodman GD. Myeloma bone disease: Pathophysiology and management. J Bone 
Oncol. 2013;2:59–69. [DOI] [PubMed] [PMC]

172.     

https://dx.doi.org/10.1093/ndt/gfaa192
http://www.ncbi.nlm.nih.gov/pubmed/33098421
https://dx.doi.org/10.3390/ijms21186846
http://www.ncbi.nlm.nih.gov/pubmed/32961953
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7555655
https://dx.doi.org/10.1007/s00198-019-05190-5
http://www.ncbi.nlm.nih.gov/pubmed/31720721
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6946749
https://dx.doi.org/10.1038/ki.2008.264
http://www.ncbi.nlm.nih.gov/pubmed/18563052
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4139042
https://dx.doi.org/10.1681/ASN.2005111194
http://www.ncbi.nlm.nih.gov/pubmed/17005938
https://dx.doi.org/10.1046/j.1523-1755.2000.00178.x
http://www.ncbi.nlm.nih.gov/pubmed/10886587
https://dx.doi.org/10.1053/j.ajkd.2020.02.450
http://www.ncbi.nlm.nih.gov/pubmed/32654892
https://dx.doi.org/10.1186/s12882-023-03408-7
http://www.ncbi.nlm.nih.gov/pubmed/38129770
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10734056
https://dx.doi.org/10.1080/0886022X.2025.2485375
http://www.ncbi.nlm.nih.gov/pubmed/40204427
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11983538
https://dx.doi.org/10.2147/JMDH.S457193
http://www.ncbi.nlm.nih.gov/pubmed/38706503
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11070156
https://dx.doi.org/10.1158/1078-0432.CCR-06-0931
http://www.ncbi.nlm.nih.gov/pubmed/17062708
https://dx.doi.org/10.1002/(sici)1097-0142(19971015)80:8+<1588::aid-cncr9>3.3.co;2-z
http://www.ncbi.nlm.nih.gov/pubmed/9362426
https://dx.doi.org/10.3390/ijms20236047
http://www.ncbi.nlm.nih.gov/pubmed/31801267
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6928918
https://dx.doi.org/10.1016/j.jbspin.2017.05.006
http://www.ncbi.nlm.nih.gov/pubmed/28499894
https://dx.doi.org/10.1038/nrc3055
http://www.ncbi.nlm.nih.gov/pubmed/21593787
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3666847
https://dx.doi.org/10.4081/oncol.2017.321
http://www.ncbi.nlm.nih.gov/pubmed/28584570
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5444408
https://dx.doi.org/10.1016/j.bone.2020.115783
http://www.ncbi.nlm.nih.gov/pubmed/33276151
https://dx.doi.org/10.1016/j.lungcan.2015.04.007
http://www.ncbi.nlm.nih.gov/pubmed/26003503
https://dx.doi.org/10.3390/cancers10060156
http://www.ncbi.nlm.nih.gov/pubmed/29795015
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6025143
https://dx.doi.org/10.1016/j.jbo.2013.04.001
http://www.ncbi.nlm.nih.gov/pubmed/26909272
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4723362


Explor Endocr Metab Dis. 2026;3:101456 | https://doi.org/10.37349/eemd.2026.101456 Page 30

Kristinsson SY, Minter AR, Korde N, Tan E, Landgren O. Bone disease in multiple myeloma and 
precursor disease: novel diagnostic approaches and implications on clinical management. Expert 
Rev Mol Diagn. 2011;11:593–603. [DOI] [PubMed] [PMC]

173.     

Keller ET, Brown J. Prostate cancer bone metastases promote both osteolytic and osteoblastic 
activity. J Cell Biochem. 2004;91:718–29. [DOI] [PubMed]

174.     

Corey E, Brown LG, Kiefer JA, Quinn JE, Pitts TE, Blair JM, et al. Osteoprotegerin in prostate cancer 
bone metastasis. Cancer Res. 2005;65:1710–8. [DOI] [PubMed]

175.     

Ban J, Fock V, Aryee DNT, Kovar H. Mechanisms, Diagnosis and Treatment of Bone Metastases. Cells. 
2021;10:2944. [DOI] [PubMed] [PMC]

176.     

Kurokawa R, Kato S, Koyama H, Ishida M, Kurokawa M, Kuroda R, et al. Osteolytic or mixed bone 
metastasis is not uncommon in patients with high-risk prostate cancer. Eur J Radiol. 2022;157:
110595. [DOI]

177.     

Tsuzuki S, Park SH, Eber MR, Peters CM, Shiozawa Y. Skeletal complications in cancer patients with 
bone metastases. Int J Urol. 2016;23:825–32. [DOI] [PubMed] [PMC]

178.     

Rosner MH, Dalkin AC. Onco-nephrology: the pathophysiology and treatment of malignancy-
associated hypercalcemia. Clin J Am Soc Nephrol. 2012;7:1722–9. [DOI] [PubMed]

179.     

Cirstoiu C, Cretu B, Iordache S, Popa M, Serban B, Cursaru A. Surgical management options for long-
bone metastasis. EFORT Open Rev. 2022;7:206–13. [DOI] [PubMed] [PMC]

180.     

Robson P. Metastatic spinal cord compression: a rare but important complication of cancer. Clin Med 
(Lond). 2014;14:542–5. [DOI] [PubMed] [PMC]

181.     

Kenan S, Mechanick JI. Skeletal Metastases. In: Holland-Frei Cancer Medicine. 6th edition. Hamilton 
(ON): BC Decker; 2003.

182.     

Messina OD, Vidal M, Adami G, Vidal LF, Clark P, Torres JAM, et al. Chronic arthritides and bone 
structure: focus on rheumatoid arthritis-an update. Aging Clin Exp Res. 2023;35:1405–16. [DOI] 
[PubMed]

183.     

Adami G, Fassio A, Rossini M, Caimmi C, Giollo A, Orsolini G, et al. Osteoporosis in Rheumatic 
Diseases. Int J Mol Sci. 2019;20:5867. [DOI] [PubMed] [PMC]

184.     

Baum R, Gravallese EM. Impact of inflammation on the osteoblast in rheumatic diseases. Curr 
Osteoporos Rep. 2014;12:9–16. [DOI] [PubMed] [PMC]

185.     

Weivoda MM, Ruan M, Hachfeld CM, Pederson L, Howe A, Davey RA, et al. Wnt Signaling Inhibits 
Osteoclast Differentiation by Activating Canonical and Noncanonical cAMP/PKA Pathways. J Bone 
Miner Res. 2016;31:65–75. [DOI] [PubMed] [PMC]

186.     

Tian E, Zhan F, Walker R, Rasmussen E, Ma Y, Barlogie B, et al. The role of the Wnt-signaling 
antagonist DKK1 in the development of osteolytic lesions in multiple myeloma. N Engl J Med. 2003;
349:2483–94. [DOI] [PubMed]

187.     

Ma Y, Zhang X, Wang M, Xia Q, Yang J, Wu M, et al. The serum level of Dickkopf-1 in patients with 
rheumatoid arthritis: A systematic review and meta-analysis. Int Immunopharmacol. 2018;59:
227–32. [DOI] [PubMed]

188.     

Rossini M, Viapiana O, Adami S, Fracassi E, Idolazzi L, Dartizio C, et al. In patients with rheumatoid 
arthritis, Dickkopf-1 serum levels are correlated with parathyroid hormone, bone erosions and bone 
mineral density. Clin Exp Rheumatol. 2015;33:77–83. [PubMed]

189.     

Uderhardt S, Diarra D, Katzenbeisser J, David JP, Zwerina J, Richards W, et al. Blockade of Dickkopf 
(DKK)-1 induces fusion of sacroiliac joints. Ann Rheum Dis. 2010;69:592–7. [DOI] [PubMed]

190.     

Allan LM, Ballard CG, Rowan EN, Kenny RA. Incidence and prediction of falls in dementia: a 
prospective study in older people. PLoS One. 2009;4:e5521. [DOI] [PubMed] [PMC]

191.     

Härlein J, Dassen T, Halfens RJ, Heinze C. Fall risk factors in older people with dementia or cognitive 
impairment: a systematic review. J Adv Nurs. 2009;65:922–33. [DOI] [PubMed]

192.     

https://dx.doi.org/10.1586/erm.11.44
http://www.ncbi.nlm.nih.gov/pubmed/21745013
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3199399
https://dx.doi.org/10.1002/jcb.10662
http://www.ncbi.nlm.nih.gov/pubmed/14991763
https://dx.doi.org/10.1158/0008-5472.CAN-04-2033
http://www.ncbi.nlm.nih.gov/pubmed/15753366
https://dx.doi.org/10.3390/cells10112944
http://www.ncbi.nlm.nih.gov/pubmed/34831167
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8616226
https://dx.doi.org/10.1016/j.ejrad.2022.110595
https://dx.doi.org/10.1111/iju.13170
http://www.ncbi.nlm.nih.gov/pubmed/27488133
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5718365
https://dx.doi.org/10.2215/CJN.02470312
http://www.ncbi.nlm.nih.gov/pubmed/22879438
https://dx.doi.org/10.1530/EOR-21-0119
http://www.ncbi.nlm.nih.gov/pubmed/35298408
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8965201
https://dx.doi.org/10.7861/clinmedicine.14-5-542
http://www.ncbi.nlm.nih.gov/pubmed/25301920
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4951968
https://dx.doi.org/10.1007/s40520-023-02432-9
http://www.ncbi.nlm.nih.gov/pubmed/37222927
https://dx.doi.org/10.3390/ijms20235867
http://www.ncbi.nlm.nih.gov/pubmed/31766755
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6928928
https://dx.doi.org/10.1007/s11914-013-0183-y
http://www.ncbi.nlm.nih.gov/pubmed/24363057
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3943531
https://dx.doi.org/10.1002/jbmr.2599
http://www.ncbi.nlm.nih.gov/pubmed/26189772
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4758681
https://dx.doi.org/10.1056/NEJMoa030847
http://www.ncbi.nlm.nih.gov/pubmed/14695408
https://dx.doi.org/10.1016/j.intimp.2018.04.019
http://www.ncbi.nlm.nih.gov/pubmed/29665496
http://www.ncbi.nlm.nih.gov/pubmed/25438096
https://dx.doi.org/10.1136/ard.2008.102046
http://www.ncbi.nlm.nih.gov/pubmed/19304568
https://dx.doi.org/10.1371/journal.pone.0005521
http://www.ncbi.nlm.nih.gov/pubmed/19436724
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2677107
https://dx.doi.org/10.1111/j.1365-2648.2008.04950.x
http://www.ncbi.nlm.nih.gov/pubmed/19291191


Explor Endocr Metab Dis. 2026;3:101456 | https://doi.org/10.37349/eemd.2026.101456 Page 31

Schini M, Bhatia P, Shreef H, Johansson H, Harvey NC, Lorentzon M, et al. Increased fracture risk in 
Parkinson’s disease - An exploration of mechanisms and consequences for fracture prediction with 
FRAX. Bone. 2023;168:116651. [DOI] [PubMed]

193.     

Xie C, Wang C, Luo H. Increased risk of osteoporosis in patients with cognitive impairment: a 
systematic review and meta-analysis. BMC Geriatr. 2023;23:797. [DOI] [PubMed] [PMC]

194.     

Jeon JH, Park JH, Oh C, Chung JK, Song JY, Kim S, et al. Dementia is Associated with an Increased Risk 
of Hip Fractures: A Nationwide Analysis in Korea. J Clin Neurol. 2019;15:243–9. [DOI] [PubMed] 
[PMC]

195.     

Matsumoto S, Hosoi T, Yakabe M, Fujimori K, Tamaki J, Nakatoh S, et al. Early-onset dementia and 
risk of hip fracture and major osteoporotic fractures. Alzheimers Dement. 2024;20:3388–96. [DOI] 
[PubMed] [PMC]

196.     

Wang HK, Hung CM, Lin SH, Tai YC, Lu K, Liliang PC, et al. Increased risk of hip fractures in patients 
with dementia: a nationwide population-based study. BMC Neurol. 2014;14:175. [DOI] [PubMed] 
[PMC]

197.     

Singh I, Duric D, Motoc A, Edwards C, Anwar A. Relationship of Prevalent Fragility Fracture in 
Dementia Patients: Three Years Follow up Study. Geriatrics (Basel). 2020;5:99. [DOI] [PubMed] 
[PMC]

198.     

Malochet-Guinamand S, Durif F, Thomas T. Parkinson’s disease: A risk factor for osteoporosis. Joint 
Bone Spine. 2015;82:406–10. [DOI] [PubMed]

199.     

Pouwels S, Bazelier MT, de Boer A, Weber WE, Neef C, Cooper C, et al. Risk of fracture in patients 
with Parkinson’s disease. Osteoporos Int. 2013;24:2283–90. [DOI] [PubMed]

200.     

Huang YF, Cherng YG, Hsu SP, Yeh CC, Chou YC, Wu CH, et al. Risk and adverse outcomes of fractures 
in patients with Parkinson’s disease: two nationwide studies. Osteoporos Int. 2015;26:1723–32. 
[DOI] [PubMed]

201.     

Fhon JRS, Silva ARF, Lima EFC, Santos Neto APD, Henao-Castaño ÁM, Fajardo-Ramos E, et al. 
Association between Sarcopenia, Falls, and Cognitive Impairment in Older People: A Systematic 
Review with Meta-Analysis. Int J Environ Res Public Health. 2023;20:4156. [DOI] [PubMed] [PMC]

202.     

Curtis EM, Miguel M, McEvoy C, Ticinesi A, Torre C, Al-Daghri N, et al. Impact of dementia and mild 
cognitive impairment on bone health in older people. Aging Clin Exp Res. 2024;37:5. [DOI] [PubMed] 
[PMC]

203.     

van den Bos F, Speelman AD, Samson M, Munneke M, Bloem BR, Verhaar HJ. Parkinson’s disease and 
osteoporosis. Age Ageing. 2013;42:156–62. [DOI] [PubMed]

204.     

Vaserman N. Parkinson’s disease and osteoporosis. Joint Bone Spine. 2005;72:484–8. [DOI] 
[PubMed]

205.     

Liu B, Chen G, Yu Z, Ji C, Liang T, He J, et al. Bone Mineral Density and Related Scores in Parkinson’s 
Disease: A Systematic Review and Meta-Analysis. World Neurosurg. 2021;146:e1202–18. [DOI] 
[PubMed]

206.     

Masnoon N, Shakib S, Kalisch-Ellett L, Caughey GE. What is polypharmacy? A systematic review of 
definitions. BMC Geriatr. 2017;17:230. [DOI] [PubMed] [PMC]

207.     

Gagnon ME, Talbot D, Tremblay F, Desforges K, Sirois C. Polypharmacy and risk of fractures in older 
adults: A systematic review. J Evid Based Med. 2024;17:145–71. [DOI] [PubMed]

208.     

Park HY, Kim S, Sohn HS, Kwon JW. The Association between Polypharmacy and Hip Fracture in 
Osteoporotic Women: A Nested Case-Control Study in South Korea. Clin Drug Investig. 2019;39:
63–71. [DOI] [PubMed]

209.     

Komorita Y, Ohkuma T, Iwase M, Fujii H, Oku Y, Higashi T, et al. Polypharmacy and bone fracture risk 
in patients with type 2 diabetes: The Fukuoka Diabetes Registry. Diabetes Res Clin Pract. 2021;181:
109097. [DOI] [PubMed]

210.     

https://dx.doi.org/10.1016/j.bone.2022.116651
http://www.ncbi.nlm.nih.gov/pubmed/36574893
https://dx.doi.org/10.1186/s12877-023-04548-z
http://www.ncbi.nlm.nih.gov/pubmed/38049723
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10694915
https://dx.doi.org/10.3988/jcn.2019.15.2.243
http://www.ncbi.nlm.nih.gov/pubmed/30938111
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6444145
https://dx.doi.org/10.1002/alz.13815
http://www.ncbi.nlm.nih.gov/pubmed/38561022
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11095436
https://dx.doi.org/10.1186/s12883-014-0175-2
http://www.ncbi.nlm.nih.gov/pubmed/25213690
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4172891
https://dx.doi.org/10.3390/geriatrics5040099
http://www.ncbi.nlm.nih.gov/pubmed/33266236
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7709649
https://dx.doi.org/10.1016/j.jbspin.2015.03.009
http://www.ncbi.nlm.nih.gov/pubmed/26453100
https://dx.doi.org/10.1007/s00198-013-2300-2
http://www.ncbi.nlm.nih.gov/pubmed/23430103
https://dx.doi.org/10.1007/s00198-015-3052-y
http://www.ncbi.nlm.nih.gov/pubmed/25672807
https://dx.doi.org/10.3390/ijerph20054156
http://www.ncbi.nlm.nih.gov/pubmed/36901167
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10002412
https://dx.doi.org/10.1007/s40520-024-02871-y
http://www.ncbi.nlm.nih.gov/pubmed/39725855
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11671436
https://dx.doi.org/10.1093/ageing/afs161
http://www.ncbi.nlm.nih.gov/pubmed/23132148
https://dx.doi.org/10.1016/j.jbspin.2004.04.012
http://www.ncbi.nlm.nih.gov/pubmed/16376802
https://dx.doi.org/10.1016/j.wneu.2020.11.132
http://www.ncbi.nlm.nih.gov/pubmed/33271382
https://dx.doi.org/10.1186/s12877-017-0621-2
http://www.ncbi.nlm.nih.gov/pubmed/29017448
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5635569
https://dx.doi.org/10.1111/jebm.12593
http://www.ncbi.nlm.nih.gov/pubmed/38517979
https://dx.doi.org/10.1007/s40261-018-0716-3
http://www.ncbi.nlm.nih.gov/pubmed/30306340
https://dx.doi.org/10.1016/j.diabres.2021.109097
http://www.ncbi.nlm.nih.gov/pubmed/34678390


Explor Endocr Metab Dis. 2026;3:101456 | https://doi.org/10.37349/eemd.2026.101456 Page 32

Wakasugi M, Yokoseki A, Wada M, Momotsu T, Sato K, Kawashima H, et al. Polypharmacy, chronic 
kidney disease, and incident fragility fracture: a prospective cohort study. J Bone Miner Metab. 2022;
40:157–66. [DOI] [PubMed]

211.     

Kose E, Wakabayashi H, Yasuno N. Polypharmacy and Malnutrition Management of Elderly 
Perioperative Patients with Cancer: A Systematic Review. Nutrients. 2021;13:1961. [DOI] [PubMed] 
[PMC]

212.     

Lai SW, Liao KF, Liao CC, Muo CH, Liu CS, Sung FC. Polypharmacy correlates with increased risk for 
hip fracture in the elderly: a population-based study. Medicine (Baltimore). 2010;89:295–9. [DOI] 
[PubMed]

213.     

Härstedt M, Rogmark C, Sutton R, Melander O, Fedorowski A. Polypharmacy and adverse outcomes 
after hip fracture surgery. J Orthop Surg Res. 2016;11:151. [DOI] [PubMed] [PMC]

214.     

Watts NB. Fundamentals and pitfalls of bone densitometry using dual-energy X-ray absorptiometry 
(DXA). Osteoporos Int. 2004;15:847–54. [DOI] [PubMed]

215.     

Krueger D, Shives E, Siglinsky E, Libber J, Buehring B, Hansen KE, et al. DXA Errors Are Common and 
Reduced by Use of a Reporting Template. J Clin Densitom. 2019;22:115–24. [DOI] [PubMed]

216.     

Martineau P, Morgan SL, Leslie WD. Bone Mineral Densitometry Reporting: Pearls and Pitfalls. Can 
Assoc Radiol J. 2021;72:490–504. [DOI] [PubMed]

217.     

Lewiecki EM, Binkley N, Morgan SL, Shuhart CR, Camargos BM, Carey JJ, et al.; International Society 
for Clinical Densitometry. Best Practices for Dual-Energy X-ray Absorptiometry Measurement and 
Reporting: International Society for Clinical Densitometry Guidance. J Clin Densitom. 2016;19:
127–40. [DOI] [PubMed]

218.     

Tuna F, Yavuz S, Demirbağ Kabayel DD, Sarıkaya A. Effects of clinical reanalysis in dual energy X-ray 
absorptiometry reports. Turk J Phys Med Rehabil. 2017;63:201–6. [DOI] [PubMed] [PMC]

219.     

Qutbi M, Soltanshahi M, Shiravand Y, Gorzi SK, Shafiei B, Asli IN. Technical and patient-related 
sources of error and artifacts in bone mineral densitometry using dual-energy X-ray absorptiometry: 
A pictorial review. Indian J Radiol Imaging. 2020;30:362–71. [DOI] [PubMed] [PMC]

220.     

Morgan SL, Prater GL. Quality in dual-energy X-ray absorptiometry scans. Bone. 2017;104:13–28. 
[DOI] [PubMed]

221.     

Krugh M, Langaker MD. Dual-Energy X-Ray Absorptiometry. In: StatPearls. Treasure Island (FL): 
StatPearls Publishing; 2025. [PubMed]

222.     

Lewiecki EM, Binkley N, Petak SM. DXA quality matters. J Clin Densitom. 2006;9:388–92. [DOI] 
[PubMed]

223.     

Schnatz PF, Marakovits KA, Dubois M, O’Sullivan DM. Osteoporosis screening and treatment 
guidelines: are they being followed? Menopause. 2011;18:1072–8. [DOI] [PubMed]

224.     

https://dx.doi.org/10.1007/s00774-021-01272-9
http://www.ncbi.nlm.nih.gov/pubmed/34729651
https://dx.doi.org/10.3390/nu13061961
http://www.ncbi.nlm.nih.gov/pubmed/34200493
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8227653
https://dx.doi.org/10.1097/MD.0b013e3181f15efc
http://www.ncbi.nlm.nih.gov/pubmed/20827106
https://dx.doi.org/10.1186/s13018-016-0486-7
http://www.ncbi.nlm.nih.gov/pubmed/27881180
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5122200
https://dx.doi.org/10.1007/s00198-004-1681-7
http://www.ncbi.nlm.nih.gov/pubmed/15322740
https://dx.doi.org/10.1016/j.jocd.2018.07.014
http://www.ncbi.nlm.nih.gov/pubmed/30327243
https://dx.doi.org/10.1177/0846537120919627
http://www.ncbi.nlm.nih.gov/pubmed/32309998
https://dx.doi.org/10.1016/j.jocd.2016.03.003
http://www.ncbi.nlm.nih.gov/pubmed/27020004
https://dx.doi.org/10.5606/tftrd.2017.595
http://www.ncbi.nlm.nih.gov/pubmed/31453455
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6648258
https://dx.doi.org/10.4103/ijri.IJRI_495_19
http://www.ncbi.nlm.nih.gov/pubmed/33273771
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7694734
https://dx.doi.org/10.1016/j.bone.2017.01.033
http://www.ncbi.nlm.nih.gov/pubmed/28159711
http://www.ncbi.nlm.nih.gov/pubmed/30085584
https://dx.doi.org/10.1016/j.jocd.2006.07.002
http://www.ncbi.nlm.nih.gov/pubmed/17097522
https://dx.doi.org/10.1097/gme.0b013e318215101a
http://www.ncbi.nlm.nih.gov/pubmed/21753740

	Abstract
	Keywords
	Introduction
	Epidemiology
	Definition and classification of OP
	Classification of OP
	Considerations before starting treatment for OP
	Rule out secondary causes of OP
	Correcting vitamin D deficiency prior to starting treatment
	Ensure adequate intake of calcium, vitamin D, and nutrients

	Consider the patient’s comorbidities
	Gastrointestinal conditions
	Inflammatory bowel disease (IBD)
	Celiac disease
	Chronic atrophic gastritis (CAG) and Helicobacterpylori (HP) infection
	Chronic liver disease and liver transplantation

	Chronic kidney disease
	Malignancy
	Chronic inflammatory conditions
	Dementia and cognitive impairment conditions
	Polypharmacy
	Socioeconomic and caregiving factors affecting OP outcomes

	Avoid mistakes related to DXA measurements
	Acquisition and analysis
	Interpretation


	Conclusion and final remarks
	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

