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			Abstract

			Osteoporosis is characterized by low bone mass, microarchitectural disruption and skeletal fragility, resulting in decreased bone strength and increased risk of fragility fractures. In fact, fractures are the clinically relevant signs of Osteoporosis, an otherwise silent disease. Demographic changes in the European population are estimated to rise the number of men and women with osteoporosis from 27.5 million in 2010 to 33.9 million in 2025. It is thus important for every clinician to be capable of identifying at risk patients in order to diagnose and treat OP before fractures and disability take place. When starting a diagnostic approach to Osteoporosis, it is important to be aware of its possible secondary causes, which can be highly prevalent in some populations. Also, the clinician must be familiar with specific tests to screen and diagnose secondary Osteoporosis. In this review article, we will discuss in more detail some of the causes of secondary Osteoporosis, providing strategies for screening, diagnosis and treatment.
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			Introduction

			Osteoporosis (OP) is characterized by low bone mass, microarchitectural disruption and skeletal fragility, resulting in decreased bone strength and an increased risk of fracture. In fact, fractures are the clinically relevant signs of OP, an otherwise silent disease. Despite being the most relevant determinant of bone strength, bone mineral density (BMD) is not the only factor contributing to the increased risk of fractures with aging. Other important factors include age itself, bone turnover rate, bone geometry and microarchitecture. OP is estimated to affect 200 million women worldwide, 75 million of which in Europe, USA and Japan [1]. In the year 2000, there were an estimated 9.0 million osteoporotic fractures worldwide, of which 1.6 million were at the hip, 1.7 million at the forearm and 1.4 million were clinical vertebral fractures. The greatest number of osteoporotic fractures occurred in Europe (34.8%) [2,3]. Based on the WHO diagnostic criteria (T-score less than or equal to -2.5 SD) approximately 22 million women and 5.5 million men aged 50 to 84 are estimated to have OP in the European Union (2010 figures). Due to changes in population demography the 

number of men and women with OP in the EU is estimated to rise to 33.9 million in 2025, corresponding to a 23% increase [4]. The remaining lifetime risk of fracture of the spine, hip, distal forearm and proximal humerus for women at 50 years of age is 46.4% [5].

			Secondary causes of OP might be more frequent than once thought and should be suspected in the presence of: a) conditions known to induce osteoporosis (Table 1); b) in the presence of fragility fractures occurring before the age of 70 for men or before menopause for women; c) low Z scores (≤-2.0) in dual-energy X-Ray absorptiometry (DXA) studies [6]. In this review article, some the causes of SOP will be discussed in more detail, as well as their screening, diagnosis and treatment. Although widely considered a disease of postmenopausal women, OP is quite prevalent in elderly men [7], which represent 39% of all fragility fractures occurring in the year 2000 [2]. Also, men have greater morbidity and mortality following hip fractures than women [8]. In an observational study [9] taking place in an outpatient rheumatology department, causes of osteoporosis in 81 osteoporotic men were evaluated and secondary osteoporosis was diagnosed in 63 (78%). In men with vertebral crush fractures, some investigators have suggested that 55% have a secondary cause and 20% of these cases are due to hypogonadism. In a series of 214 women with vertebral crush fractures [10], 30.4% were found to have an underlying cause of osteoporosis or early menopause (36.4%) before the age of 45 years. 

			Table 1: Causes of Secondary Osteoporosis, including clinical conditions, lifestyle factors and drugs.

			
				
					
					
				
				
					
							
							Endocrine Disorders

						
							
							Adrenal Insufficiency

						
					

					
							
							Cushing´s Syndrome

						
					

					
							
							Diabetes Mellitus

						
					

					
							
							Hyperthyroidism

						
					

					
							
							Hypogonadism

						
					

					
							
							Hyperparathyroidism

						
					

					
							
							Hypopituitarism

						
					

					
							
							Acromegaly (rare)

						
					

					
							
							Growth Hormone deficiency (rare)

						
					

					
							
							Pregnancy

						
					

					
							
							Gastrointestinal Disorders

						
							
							Gastrectomy

						
					

					
							
							Celiac Disease

						
					

					
							
							Inflammatory Bowel Disease

						
					

					
							
							Liver cirrhosis

						
					

					
							
							Chronic Biliary tract obstruction

						
					

					
							
							Hematologic Diseases

						
							
							Multiple Myeloma

						
					

					
							
							MGUS

						
					

					
							
							Lymphoma/Leukemia

						
					

					
							
							Systemic Mastocytosis (rare)

						
					

					
							
							Rheumatic Diseases

						
							
							Rheumatoid Arthritis

						
					

					
							
							Ankylosing Spondylitis

						
					

					
							
							Systemic Lupus Erythematosus

						
					

					
							
							Psoriatic Arthritis

						
					

					
							
							Connective Tissue Disorders

						
							
							Osteogenesis Imperfecta

						
					

					
							
							Marfan´s Syndrome (rare)

						
					

					
							
							Ehlers-Danlos Syndrome (rare)

						
					

					
							
							Pseudoxanthoma Elasticum (rare)

						
					

					
							
							Others

						
							
							End-Stage Renal disease

						
					

					
							
							Cystic Fibrosis

						
					

					
							
							COPD

						
					

					
							
							Bariatric Surgery

						
					

					
							
							Organ transplantation

						
					

					
							
							Disseminated neoplasia

						
					

					
							
							Drugs

						
							
							Glucocorticoids

						
					

					
							
							Proton Pump Inhibitors

						
					

					
							
							Anticonvulsants

						
					

					
							
							Calcineurin inhibitors

						
					

					
							
							Chemotherapeutic Drugs

						
					

					
							
							Unfractioned Heparin

						
					

					
							
							Thiazolidinedions

						
					

					
							
							GnRH agonists

						
					

					
							
							Anti-retroviral drugs

						
					

					
							
							Progesterone

						
					

					
							
							Dietary 

						
							
							Anorexia Nervosa

						
					

					
							
							Excessive Protein Intake

						
					

					
							
							Vitamin A excess

						
					

					
							
							Inadequate Vit. D intake

						
					

					
							
							Excessive alcohol intake

						
					

					
							
							Parenteral Nutrition

						
					

					
							
							Lifestyle

						
							
							Smoking

						
					

					
							
							Low physical activity

						
					

					
							
							Prolonged immobilization

						
					

				
			

			COPD-chronic obstructive pulmonary disease; MGUS-monoclonal gammopathy of undetermined significance

			Other estimates of osteoporosis in women suggested that approximately 20% of women who appear to have postmenopausal osteoporosis have an identifiable secondary cause, whereas the incidence of men with a secondary cause has been estimated to be as high as 64%. A cross-sectional study [11] with 173 postmenopausal women with primary osteoporosis showed that after lab tests including complete blood count, renal and hepatic function, chemistry profile, 24-h urinary calcium, 25(OH)vitamin D and parathyroid hormone (PTH), 55 (32%) of them had undiagnosed disturbances of bone and mineral metabolism. The most frequent diagnosis were vitamin D deficiency (20.2%), hypercalciuria (9.8%), malabsorption (8.1%), hyperparathyroidism (6.9%) and exogenous hyperthyroidism (2.3%).

			Table 2: Clinical conditions and the mechanisms involved in increased fracture risk.

			
				
					
					
					
					
				
				
					
							
							
							Bone loss

						
							
							Fall Risk

						
							
							Treatment may cause Bone Loss

						
					

					
							
							Hyperthyroidism (untreated)

						
							
							+

						
							
							
					

					
							
							Primary Hyperparathyroidism

						
							
							+

						
							
							
					

					
							
							Malabsorption syndromes

						
							
							+

						
							
							+

						
							
					

					
							
							Rheumatoid Arthritis

						
							
							+

						
							
							+

						
							
							+

						
					

					
							
							Ankylosing Spondylitis

						
							
							+

						
							
							+

						
							
					

					
							
							Systemic Lupus Erythematosus

						
							
							+

						
							
							+

						
							
							+

						
					

					
							
							Psoriatic Arthritis

						
							
							+

						
							
							+

						
							
							+

						
					

					
							
							Epilepsy

						
							
							
							+

						
							
							+

						
					

					
							
							Chronic Kidney disease

						
							
							+

						
							
							
							+

						
					

					
							
							Chronic Liver disease

						
							
							+

						
							
							
							+

						
					

					
							
							Diabetes                 Type 1

							                                                                 Type 2

						
							
							+

						
							
							+

						
							
							+

						
					

					
							
							
							+

						
							
							+

						
					

					
							
							COPD

						
							
							+

						
							
							
							+

						
					

					
							
							Dehydration

						
							
							+

						
							
							+

						
							
					

					
							
							Immobility

						
							
							+

						
							
							+

						
							
					

					
							
							HIV/AIDS

						
							
							+

						
							
							+

						
							
					

					
							
							Cushing´s syndrome

						
							
							+

						
							
							
					

					
							
							Pituitary insufficiency

						
							
							+

						
							
							
					

					
							
							Multiple Myeloma

						
							
							+

						
							
							
					

					
							
							Hypoglycaemia

						
							
							
							+

						
							
					

				
			

			COPD-chronic obstructive pulmonary disease; HIV- human immunodeficiency virus; AIDS- acquired immunodeficiency syndrome.

			The treatment, prognosis and monitoring of osteomalacia is different from osteoporosis, thus it is an important differential diagnosis to consider during the initial evaluation of SOP. A significant proportion of women with fragility fractures have osteomalacia and/or osteoporosis. In a retrospective study [12], secondary causes for reduced BMD were evaluated in 196 postmenopausal and 41 premenopausal women. Sixteen percent of these patients had 25-hydroxyvitamin D levels lower than 15 ng/ml. By using the World Health Organization (WHO) definition of osteopenia based on T score value (–1.0 to –2.5), 11% of osteopenic patients had 25-hydroxyvitamin D levels lower than 15 ng/ml. On the other hand, osteomalacia is present in 4% to 47% of men with femoral fractures, with most studies [13,14] reporting a rate of close to 20%. As shown in table 2, several clinical conditions are associated with increased fracture risk not only by directly decreasing bone density or deteriorating bone quality, but also by increasing fall risk. Also, pharmacological treatment of some diseases might lead to decreased bone quality and increased fracture risk due to drug induced SOP.

			Drug-Induced Osteoporosis 

			Table 3: Classes of drugs associated with increased risk of fragility fractures.

			
				
					
					
					
					
					
					
				
				
					
							
							Class

						
							
							Generic name

						
							
							Indications

						
							
							Bone loss

						
							
							Fall risk

						
							
							Fracture risk

						
					

					
							
							Glucocorticoids

						
							
							Prednisolone

							Dexamethasone

						
							
							Immune and inflammatory disorders

						
							
							+

						
							
							
							+

						
					

					
							
							Proton Pump Inhibitors

						
							
							Omeprazol, Esomeprazol

						
							
							Peptic Ulcer disease

						
							
							+

						
							
							
							+

						
					

					
							
							Anticonvulsants

						
							
							Valproic acid

						
							
							Chronic Seizures

						
							
							+

						
							
							
							+

						
					

					
							
							Calcineurin inhibitors

						
							
							Cyclosporine A

						
							
							Allogenic Organ Transplantation

						
							
							+

						
							
							
							+

						
					

					
							
							Chemotherapeutic Drugs

						
							
							Methotrexate, cyclophosphamide

						
							
							Miscellaneous

						
							
							+

						
							
							
							+

						
					

					
							
							Unfractioned Heparin

						
							
							
							Thromboembolic disorders

						
							
							+

						
							
							
							+

						
					

					
							
							Thiazolidinedions

						
							
							Rosiglitazone, Pioglitazone

						
							
							Diabetes mellitus Type 2

						
							
							+

						
							
							
							+

						
					

					
							
							GnRH agonists

						
							
							Goserelin, Boserelin

						
							
							Prostate Cancer

						
							
							+

						
							
							
							+

						
					

					
							
							Anti-retroviral drugs

						
							
							Tenofovir

						
							
							HIV/AIDS

						
							
							+

						
							
							
							+

						
					

					
							
							Aromatase Inhibitors

						
							
							Anastrazole, Letrozole

						
							
							HER-positive Breast Cancer

						
							
							+

						
							
							
							+

						
					

					
							
							Progesterone*

						
							
							Depot-hydroxyprogesterone

						
							
							Contraception

						
							
							+

						
							
							
					

					
							
							Thyroid Hormone

						
							
							Levothyroxine

						
							
							Hypothyroidism

						
							
							
							+

						
							
							+

						
					

					
							
							Antidepressants

						
							
							SSRI

						
							
							Chronic Depression

						
							
							
							+

						
							
							+

						
					

					
							
							Blood Pressure Medication

						
							
							
							Arterial Hypertension

						
							
							
							+

						
							
							+

						
					

					
							
							Diuretics

						
							
							Furosemide

							Hydrochlorothiazide

						
							
							Fluid retention

						
							
							
							+

						
							
							+

						
					

					
							
							Alfa-adrenergic blockers

						
							
							Tamsulosin

						
							
							Benign Prostatic Hyperplasia

						
							
							
							+

						
							
							+

						
					

				
			

			*reversible effect on bone loss; GnRH- gonadotrophin releasing hormone; HER- human epidermal growth factor receptor; HIV- Human Immunodeficiency Virus; AIDS- acquired immunodeficiency syndrome; SSRI- selective serotonin reuptake inhibitors.

			Several drugs have been associated with increased fracture risk (Table 3) and glucocorticoids are the most common cause of drug-induced osteoporosis [15]. Bone loss is due to suppression of osteoblast function, inhibition of intestinal calcium absorption leading to secondary hyperparathyroidism and increased osteoclast-mediated bone resorption. Glucocorticoid excess results in diffuse bone loss and may affect trabecular bone more than cortical bone. Bone loss is also promoted by direct stimulation of renal excretion of calcium by glucocorticoids. BMD is reduced in 40% to 60% of patients with an endogenous glucocorticoid excess, and pathologic fractures have been observed in 16% to 67%. The risk of hip fractures is doubled in glucocorticoid-treated patients [16]. Studies evaluating short-term exposures to glucocorticoid therapy have indicated that glucocorticoid-induced bone loss appears greater in the first 6 to 12 months of therapy [17].

			Inhaled glucocorticoid therapy was associated with a dose-related decrease in BMD at the total hip and trochanter (0.00044 g/cm2 per puff per year of treatment) [18]. This finding, along with a retrospective study [10] revealing an association between doses of 2.5 mg daily prednisone and bone loss, suggest a low threshold at which glucocorticoids cause skeletal harm. Fracture risk increases with dose and duration of glucocorticoid use [19]. Serum and urine biochemical indices in patients with glucocorticoid-induced osteopenia are generally normal, but urinary markers of bone resorption may be increased. Serum PTH levels may be normal or mildly elevated (secondary hyperparathyroidism) and serum alkaline phosphatase activity and osteocalcin levels decline steadily after the initiation of glucocorticoid therapy, reflecting inhibition of osteoblast activity. Urinary calcium excretion may be increased during the first several months to years of glucocorticoid therapy because of the direct calciuric effect of glucocorticoids on the kidney. The first principle in the treatment of patients with glucocorticoid-induced OP is to use the lowest effective dose of glucocorticoid. General health measures that are applicable to patients with OP should be encouraged, such as weight-bearing exercise and good nutritional status.

			According to the 2017 update of the American College of Rheumatology recommendations for the prevention and treatment of glucocorticoid-induced OP, patient taking glucocorticoids should optimize calcium (1,000–1,200 mg/day) and vitamin D intake (600–800 IU/day) [19]. For post-menopausal women and men >40 years starting glucocorticoid therapy with an anticipated duration of more than 3 months, risk stratification using FRAX and the dose of glucocorticoids are key for an adequate therapeutic decision. For low risk patients, no further treatment is recommended and patients should be monitored yearly for clinical features and with DXA every 2-3 years. For moderate to high risk patients, oral bisphosphonates should be started and are still the first-line of treatment [19]. Bone diseases associated with anticonvulsant therapy is a form of osteomalacia. In this condition, high-turnover osteoporosis is often present. Phenobarbital, diphenylhydantoin, and carbamazepine, 3 commonly used anticonvulsants, increase the metabolism and clearance of vitamin D. Thus, Rickets has been observed in children taking anticonvulsant medication. In some reports [20,21], rates were as high as 20% to 65%, with patients being at particularly increased risk of fracture during seizures. 

			In the outpatient setting, abnormalities on bone biopsy specimens, such as increased osteoid, are observed in 10% to 40% of patients receiving long-term anticonvulsant therapy. However, if the patient is well nourished and exposed to adequate amounts of sunlight, clinically significant bone disease is less likely to occur. Many retrospective studies have showed that long-term use of proton-pump-inhibitors (PPI) is associated with an increased risk of fragility fractures [22], but the underlying mechanisms have not been clarified yet. Chronic acid suppression caused by long-term proton pump inhibitor therapy may play a crucial role in decreased absorption of calcium and vitamin B12 and, therefore, indirectly affecting the bones resulting in decreased BMD. The available data suggest that proton pump inhibitors should be used with caution in patients with increased risk of osteoporosis.

			Inflammatory Rheumatic Diseases

			In inflammatory rheumatic diseases such as rheumatoid arthritis (RA), psoriatic arthritis (PsA) and ankylosing spondylitis (AS) the systemic burden caused by inflammation, glucocorticoid treatment, immobilization and reduced physical activity due to painful joints and muscle weakness are associated with decreased bone mass and deterioration of bone quality leading to increased risk of falls and fragility fractures [23]. The reason for this effect on bone is thought to come from the local and systemic action of pro-inflammatory cytokines, such as an increased expression of receptor activator of nuclear factor κB (RANKL), macrophage-colony stimulating factor (M-CSF) and the presence of Tumor Necrosis Factor (TNF α), IL-1, IL-6, IL-7, and IL-17. Other factors probably contributing to the increased risk of fracture in this population include older age, lack of physical exercise, long-term use of corticosteroids and high disability index [24,25].

			The frequency of occurrence of osteoporosis in patients with inflammatory rheumatic diseases, including RA, is about 50% and the course of osteoporosis is closely connected with the activity of the underlying disease [26]. With regards to RA, local and systemic phenomena of bone loss occur, and they seem to be intimately related. Early in the course of the disease reduced BMD within joints occurs, called periarticular osteoporosis, which is associated with the destructive articular processes of bone erosion and joint space narrowing. In the course of RA, especially with longstanding active disease, secondary osteoporosis occurs. Currently, it is thought that the mechanisms causing periarticular and secondary osteoporosis are at least partly the same [27]. Unlike postmenopausal osteoporosis, osteoporosis in RA is characterised by a marked loss of cortical bone (hip and the radius), while the axial bone is relatively preserved [25], except when high cumulative doses of glucocorticoids are used. 

			In contrast with RA, AS is associated with both osteopenic changes and bone forming phenomena. The reported prevalence of osteoporosis in AS patients varies largely and this variation reflects the difficulties in assessing BMD in AS due to new bone formation. There are also inflammation-induced structural changes in the spine predisposing to vertebral wedge and fracture. In a prospective cohort study [28] involving 504 AS patients there was a significantly higher prevalence of OP (9,7% vs 0%) and osteopenia among AS patients (57,5% vs. 34,9%) comparing with healthy controls. The BMD was significantly lower in the patients with higher elevated erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP). Risk factors for lumbar spine bone loss were Juvenile onset, morning stiffness lasting over 30 minutes and elevated ESR levels, which correlate with the inflammatory burden of the disease.

			A case-control study to assess the prevalence of fragility fractures in patients with PsA [29] found that disease duration, age and femoral neck BMD were associated with increased rate of non-vertebral fractures and a large population-based cohort study [30] including 9788 PsA patients, 158,323 psoriasis patients and 821,834 matched controls reported that PsA and psoriasis patients had a 7–26% increased incidence of fracture when compared to the general population.

			Endocrine Dysfunction

			Primary hyperparathyroidism is a common disorder, with an incidence of 1 in 500 to 1 in 1000 and is usually asymptomatic [31]. Classically, primary hyperparathyroidism is associated with osteitis fibrosa cystica characterized by subperiosteal resorption of the distal phalanges, tapering of the distal clavicles, a “salt and pepper” appearance of the skull, brown tumors, and bone cysts. With the widespread availability of screening blood tests for asymptomatic hypercalcemia, the incidence of this manifestations has decreased dramatically over the years. Osteopenia and osteoporosis are also recognized as bone diseases associated with excess PTH. The increase in circulating levels of PTH in primary hyperparathyroidism is associated with increased bone turnover, both in osteoclast-mediated bone resorption and osteoblast activity, leading to the loss of cortical and trabecular bone. In mild hyperparathyroidism, however, BMD may be increased in areas that are primarily trabecular, whereas bone is lost in the cortical areas [32]. This anabolic effect is the basis for the treatment with PTH analogues. Nevertheless, bone resorption is enhanced by sustained elevations in the levels of PTH. 

			In a longitudinal cohort of patients with primary hyperparathyroidism [33], bone density has been measured at 3 sites to evaluate cortical bone, trabecular bone, and a mixture of both. At the distal radius, an area rich in cortical bone, BMD was less than 80% of age- and sex-matched controls. In contrast, at the lumbar spine, BMD was relatively well preserved. The values for the hip region, which is made of mixed trabecular and cortical bone, were midway between the data obtained for the spine and the distal radius. This finding is consistent with the observation that PTH mobilizes calcium from cortical sites before it has a negative impact on trabecular skeleton. Quantitative histomorphometric analyses of bone biopsy specimens are consistent with the loss of cortical bone and preservation of cancellous bone [32]. Cortical thinning is noted on biopsy specimens, and PTH levels correlate with cortical porosity [33]. 

			After surgical cure of primary hyperparathyroidism, BMD increases in the forearm and lumbar spine. In a longitudinal cohort [34] of patients with primary hyperparathyroidism followed up for 10 years, parathyroidectomy resulted in normalization of biochemical values and increased BMD. The increase in bone density was prompt and sustained, but a trend toward further increase after 1 year was significant only for femoral neck values. In a subset of patients who did not undergo surgery, there was no progression of bone disease if they were asymptomatic, but one quarter had some progression with bone loss. Regarding the thyroid gland, both thyroid hormone insufficiency and excess can lead to alterations in bone mass. Thyroid hormone increases the creation of new bone remodeling units with an enhancement of remodeling activity. Thyroid hormones directly stimulate production of osteocalcin, alkaline phosphatase, and insulin-like growth factors (IGF). 

			In patients with thyrotoxicosis, increased serum levels of osteocalcin and alkaline phosphatase may be seen. Despite the increase in osteoblast activity, there are also thyroid hormone–induced increases in bone resorption. In the thyrotoxic patient, the bone remodeling cycle is shortened because of a decrease in the length of the bone formation and, overall, there is failure to replace resorbed bone completely, leading to bone loss. In patients with thyrotoxicosis, BMD is reduced [35,36]. Several studies indicated that individuals with a history of thyrotoxicosis have an increased risk of fracture and may sustain fracture at an earlier age compared with patients who have never had an increase in thyroid hormone levels. After effective treatment of the thyrotoxic patient, the decrease in BMD may be reversible. Normalization of the results of thyroid function tests results in increased BMD comparing with pre-treatment values [37]. 

			In a meta-analysis [38], BMD was assessed in women receiving thyrotropin-suppressive doses of thyroxin. The study concluded that there was a 1% increase in annual bone loss in postmenopausal women. A large prospective study, the Study of Osteoporotic Fractures [39], examined the relationship between thyroid disease and fractures. In this study, postmenopausal women with a history of hyperthyroidism had an 80% increased risk of subsequent hip fracture. Thyroid hormone use itself was associated with a 60% increase in fracture risk. 

			Eating Disorders

			Anorexia nervosa and bulimia are associated with significant morbidity and mortality and are chronic in nature. They affect 5% to 10% of women and the onset may be at any time from adolescence through the fourth decade of life. Anorexia nervosa has been associated with osteoporosis. There are several metabolic disorders associated with anorexia nervosa that may adversely affect bone metabolism. These include estrogen deficiency, endogenous cortisol excess, reduced IGF-1 levels, protein-energy malnutrition, and secondary hyperparathyroidism due to low dietary calcium intake or vitamin D deficiency. It has been estimated that 50% of anorexic patients have BMD values at the lumbar spine that are more than 2 SDs below those of age-matched, healthy controls [40]. Total alkaline phosphatase activity may be elevated, but liver enzyme levels are also elevated. Osteocalcin has been noted to be very low in women with anorexia nervosa and may be due to the excess endogenous cortisol levels. Markers of bone resorption, such as pyridinoline and N-telopeptide excretion are usually increased.

			Celiac Disease

			Regarding bone involvement in celiac disease, it can present as osteoporosis, osteomalacia, or both. Untreated adults usually present with reduced bone mineral at the time of diagnosis, whereas children may present with growth retardation. Chronic inflammatory intestinal diseases, including celiac disease, can affect bone and mineral metabolism due to changes in both systemic and local regulatory factors. The pathogenetic processes are still controversial, but two main mechanisms seem to be involved: intestinal malabsorption and the presence of chronic inflammation [41]. A strict and lifelong gluten free diet can help recover normal bone density when a diagnosis of Celiac disease is made in children and adolescents [42, 43]. In the case of adult celiac disease with associated bone disease, a gluten free diet rarely normalizes BMD in adulthood [41,44]. A cross-sectional study [45] as shown that despite long-term strict adherence to gluten free diet (GFD), 74% of patients displayed low BMD. Among these, 24% had osteoporosis and 76% osteopenia. Therefore, nutritional supplementation should be considered for all patients with celiac disease. Patients may present with normal serum biochemical analysis results or with reduced serum and urine calcium levels and elevated alkaline phosphatase levels. With GFD, biochemical abnormalities and BMD measurements may improve [45].

			Conclusion

			Table 4: Clinical, imaging and laboratory work-up to evaluate secondary causes of Osteoporosis.

			
				
					
					
				
				
					
							
							Clinical work-up

						
					

					
							
							History and Physical examination

						
							
							To identify risk factors for fracture, the underlying disease and potential drugs.

						
					

					
							
							Imaging work-up

						
					

					
							
							Dual-Energy X-Ray Absorptiometry (DXA)

						
							
							To quantify bone mineral density

						
					

					
							
							Spinal X-Rays

						
							
							To detect prevalent vertebral fractures

							To exclude osteolytic lesions or tumors

						
					

					
							
							Laboratory work-up

						
					

					
							
							Complete blood count

						
							
							Anemia as in Multiple Myeloma, Celiac Disease

							Leukocytosis in Leukemia

						
					

					
							
							Renal and liver function tests

						
							
							Renal and liver failure, alcohol abuse

						
					

					
							
							Serum calcium and phosphate

						
							
							Primary Hyperparathyroidism, Multiple Myeloma

						
					

					
							
							Serum C-reactive Protein

						
							
							Chronic Infection / Inflammation

						
					

					
							
							Serum bone specific or total ALP

						
							
							Paget´s Disease, Osteomalacia

						
					

					
							
							Intact parathyroid hormone

						
							
							Primary Hiperparathyroidism

						
					

					
							
							25-Hidroxyvitamin D

						
							
							Vitamin D deficiency, Osteomalacia

						
					

					
							
							Serum levels of basal TSH

						
							
							Thyroid dysfunction

						
					

					
							
							Fasting blood glucose

						
							
							Diabetes Mellitus

						
					

					
							
							Serum protein electrophoresis

						
							
							MGUS, Multiple Myeloma

						
					

					
							
							24-hour urinary calcium excretion 

						
							
							Hypercalciuria

						
					

					
							
							Anti-tissue transglutaminase levels

						
							
							Celiac Disease

						
					

					
							
							Anti-HIV antibodies

						
							
							HIV/ AIDS

						
					

					
							
							Morning fasting serum cortisol levels*

						
							
							Cushing´s Syndrome

						
					

					
							
							                    Serum tryptase levels, Urinary histamin excretion

						
							
							Systemic Mastocytosis

						
					

					
							
							                    COL 1A genetic testing

						
							
							Osteogenesis Imperfecta

						
					

				
			

			*After dexamethasone suppression; ALP- alkaline phosphatase; COL 1A- collagen type I alpha 1; COPD-chronic obstructive pulmonary disease; HIV- human immunodeficiency virus; MGUS-monoclonal gammopathy of undetermined significance; TSH- thyroid stimulating hormone

			In conclusion, an appropriate diagnostic workup should be performed for patients presenting with fragility fractures or those presenting with risk factors for secondary osteoporosis. As shown in table 4, this should include a careful clinical history and physical examination, imaging work-up with DXA to quantify BMD and spinal X-rays to detect prevalent vertebral fractures and exclude osteolytic lesions or tumours. In terms of laboratory work-up, a complete blood count should be performed to exclude anaemia (as in multiple myeloma, celiac disease or leukaemia), renal and liver function tests to exclude renal and liver impairment as well as alcohol abuse, serum calcium and phosphate as well as intact parathyroid hormone to exclude hyperparathyroidism, ESR and CRP to exclude chronic infection/inflammation, 25-hydroxyvitamin D to exclude vitamin D deficiency and osteomalacia, serum bone specific or total alkaline phosphatase for Paget´s disease of the bone, serum protein electrophoresis for monoclonal gammopathy of undetermined significance (MGUS)/multiple myeloma and a 24 hour urinary calcium excretion to check for hypercalciuria.
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