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Biological secondary contributors to osteoporosis in fractured patients, is an early systematic assay relevant?
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Objective: To evaluate the prevalence of biological abnormalities leading to secondary osteoporosis in recently fractured patients.

Methods: Adults older than 50, hospitalized for a nonvertebral fracture from July 2015 to October 2016, were assessed for bone fragility contributors in the Orthopedics Department. Bone mineral density (BMD) measurements and Vertebral Fracture assessment (VFA) were performed within 3 months. We assessed the prevalence of biological abnormalities in all the patients with recent fracture and in subgroups.

Results: Among 439 hospitalized patients for non-vertebral low trauma fracture, 372 had biological tests (285 women, mean age 77.5 ± 13 years) and 353 (94.6%) had at least ≥ 1 biological abnormality, most frequently vitamin D insufficiency (< 75nmol/L) (80%). Hypercalcemia was found in 22 (7.7%) patients, explained by possible primary hyperparathyroidism in 6 cases, and by the other causes of hypercalcemia including postoperative low albumin. A high PTH level was observed in 64 (20.8%) patients.. We found 3 monoclonal bands. Results were similar in patients with and without vertebral fracture or osteoporosis. Finally, many biological abnormalities can be explained by the postoperative context (low TSH, hypogammaglobulinemia, low albumin, low alkaline phosphatase) and need a control.

Conclusion: This study performed in patient with recent low trauma non-vertebral fractures showed that 94.6% of patients had at least one contributor to bone fragility, which was the vitamin D insufficiency in most of cases. We found a high proportion of biological abnormalities which require additional explorations but most of them can be explained by the postoperative context.

Introduction

In patients with low trauma fractures, searching for secondary contributors to osteoporosis is recommended, in order to identify curable causes [START_REF] Bliuc | Mortality risk associated with low-trauma osteoporotic fracture and subsequent fracture in men and women[END_REF][START_REF] Center | Risk of subsequent fracture after low-trauma fracture in men and women[END_REF][START_REF] Eisman | Making the first fracture the last fracture: ASBMR task force report on secondary fracture prevention[END_REF]. Performing tests is recommended (4) but there are various accepted manners worldwide on laboratory tests that could be performed [START_REF] Compston | NOGG and NICE: New guidelines and quality standards for osteoporosis[END_REF][START_REF] Compston | Diagnosis and management of osteoporosis in postmenopausal women and older men in the UK: National Osteoporosis Guideline Group (NOGG) update 2013[END_REF][START_REF] Compston | UK clinical guideline for the prevention and treatment of osteoporosis[END_REF][START_REF] Compston | US and UK guidelines for glucocorticoid-induced osteoporosis: similarities and differences[END_REF].

However prevalence of abnormalities leading to secondary osteoporosis in different studies of osteoporotic patients varied greatly from 3 to 55% [START_REF] Javaid | Effective secondary fracture prevention: implementation of a global benchmarking of clinical quality using the IOF Capture the Fracture® Best Practice Framework tool[END_REF]. Age and gender can explain the differences, and secondary osteoporosis is known to be more frequent in men than in women [START_REF] Ebeling | Clinical practice. Osteoporosis in men[END_REF][START_REF] Khosla | Osteoporosis in men[END_REF]. The causes of secondary osteoporosis may be different for cortical or trabecular sites of fractures, and whether osteoporosis is defined by bone mineral density only, and/or the presence of fractures [START_REF] Bida | Disease associations with monoclonal gammopathy of undetermined significance: a population-based study of 17,398 patients[END_REF][START_REF] Veronese | Monoclonal gammopathy of undetermined significance and bone health outcomes: a systematic review and exploratory metaanalysis[END_REF][START_REF] Piot | Factors associated with an increased risk of vertebral fracture in monoclonal gammopathies of undetermined significance[END_REF][START_REF] Khosla | Fracture risk in primary hyperparathyroidism[END_REF][START_REF] Vignali | Morphometric Vertebral Fractures in Postmenopausal Women with Primary Hyperparathyroidism[END_REF][START_REF] Kenny | Fracture incidence in postmenopausal women with primary hyperparathyroidism[END_REF][START_REF] Stein | Primary hyperparathyroidism is associated with abnormal cortical and trabecular microstructure and reduced bone stiffness in postmenopausal women[END_REF]. A Fracture Liaison Service (FLS) is an opportunity to evaluate the clinical relevance of these assays, in order to optimize patient care [START_REF] Mclellan | The fracture liaison service: success of a program for the evaluation and management of patients with osteoporotic fracture[END_REF][START_REF] Briot | Fracture Liaison Services[END_REF][START_REF] Huntjens | Fracture liaison service: impact on subsequent nonvertebral fracture incidence and mortality[END_REF]. Few studies exist about laboratory assays relevance in identifying secondary contributors in bone fragility [START_REF] Bogoch | Secondary causes of osteoporosis in fracture patients[END_REF][START_REF] Bours | Contributors to secondary osteoporosis and metabolic bone diseases in patients presenting with a clinical fracture[END_REF][START_REF] Tannenbaum | Yield of laboratory testing to identify secondary contributors to osteoporosis in otherwise healthy women[END_REF], especially in elderly patients. None of these assessed the relevance of these blood tests when they are performed during the hospitalization for the fracture. This is an important point in the framework of the organization of the management of fragility after fracture.

The objective of this study was to assess the clinical relevance of early performed laboratory tests in identifying secondary causes of osteoporosis in a population with a recent low trauma non-vertebral fracture.

Methods

Study design and population:

In this prospective cohort study, patients older than 50 years old, hospitalized for a recent nonvertebral fracture, referred to our Fracture Liaison Service (FLS) from July 2015 to October 2016, were assessed for fracture risk assessment. They were included in the FLS during their hospitalization in the Orthopedic Department. Pathological fractures (metastatic cancer; myeloma) and high trauma fractures were exclusion criteria for inclusion in the FLS. The fracture risk assessment included risk factors assessment, performed once for each patient during the hospitalization after the surgery, and bone mineral density (BMD) measurement performed within three months after the fracture.

Clinical data collection

Clinical data were collected from declarative information and medical reports at the inclusion in FLS.

Demographic data (age, gender, weight, height, body mass index), fracture type and date, history of previous fracture and other risk factors as family history of hip fracture, current smoking, excess of alcohol consumption (≥ 3 units/day in man and ≥2 units/day in woman), some comorbidities (diabetes, Parkinson disease, dementia, rheumatoid arthritis (based on the mention of the diagnosis in the medical file)), current or past use of corticosteroid (at a dose of prednisone-equivalent > 7.5 mg/day for at least 3 months), current or previous treatment with aromatases inhibitors, calcium and/or vitamin D supplementation, and previous anti-osteoporotic treatment (raloxifene, teriparatide, bisphosphonates and denosumab) in the year before the fracture were assessed.

Bone densitometry and vertebral fracture assessment

Bone mineral density (BMD) measurements were performed within 3 months using a single DXA device (Hologic QDR 4500 A Elite (Hologic, Bedford, MA)) at total hip, femoral neck, and lumbar spine. Osteoporosis was defined according to World Health Organization criteria, by a T-score ≤ -2.5 at at least one site.

Vertebral fractures were identified with a Vertebral Fracture Assessment (VFA) acquisition performed at the same time of BMD measurement. Vertebral fractures were assessed from T4 to L4 with semiquantitative technique (25) by trained rheumatologists.

Laboratory tests

All measurements were performed in the same laboratory during the stay in the Orthopedics department, after surgery. Based on published data [START_REF] Compston | UK clinical guideline for the prevention and treatment of osteoporosis[END_REF][START_REF] Tannenbaum | Yield of laboratory testing to identify secondary contributors to osteoporosis in otherwise healthy women[END_REF][START_REF] Dumitrescu | Evaluation of patients with a recent clinical fracture and osteoporosis, a multidisciplinary approach[END_REF], blood tests included hemoglobin, platelets, leukocytes, erythrocyte sedimentation rate or C-reactive protein, serum calcium (and calculation of corrected calcemia), serum inorganic phosphate, albumin, total serum alkaline phosphatases (ALP or TSALP), serum creatinine, intact plasma 1-84 parathormone (PTH), thyreostimulin (TSH); 25OH-vitamin D, serum protein electrophoresis. The estimated glomerular filtration rate (eGFR) was calculated using the modification of diet in renal disease study group (MDRD) equation. Stages of chronic kidney disease (CKD) were defined according to the guidelines for CKD of the National Kidney Foundation [START_REF]KDIGO working group: Introduction and definition of CKD-MBD and the development of the guideline statments[END_REF].

Results were considered abnormal when out of the range reported by the laboratory kits, except for the 25(OH)-vitamin D. According to French guidelines [START_REF]La vitamine D chez l'adulte : recommandations du GRIO[END_REF], serum 25 (OH)-vitamin D level of 75 nmol/l (30 ng/ml) or less was considered low and indicative of vitamin D insufficiency [START_REF] Briot | update of French recommendations on the management of postmenopausal osteoporosis[END_REF].

Elevated PTH was defined as a PTH level over the upper reference range (PTH > 4.2pmol/L). Primary hyperparathyroidism was diagnosed with association of hypercalcemia (albumin corrected calcium 2.6 mmol/l) with an elevated or inappropriately value of serum PTH level. Elevated PTH without hypercalcemia was considered as secondary hyperparathyroidism.

Hyperthyroidism was defined by TSH values 0.4 mIU/L or less. Monoclonal gammapathy of undertermined significance (MGUS) was defined by the presence of M-protein in the serum without anaemia, hypercalcemia, kidney insufficiency and known bone lesions. Hypophosphatasemia was defined by total ALP rate under 35 UI/L. Stage IV and V of chronic kidney disease assessed by an eGFR under 30 ml/min, were reported.

Statistical analysis

We assessed proportions of patients with at least one biological abnormality (vitamin D insufficiency, biological hyperparathyroidism, hypercalcemia, hyperthyroidism biological hypophosphatasemia, monoclonal gammapathy, and stage IV and V of renal impairment) in the whole population, in men and women, in patients over 80 year-old, in patients with osteoporosis, and in patients with at least one vertebral fracture in VFA.

Results are presented as mean and standard deviation (SD) for quantitative variables, and as percentages and frequency for qualitative ones. The statistical analysis was carried out with R and Rstudio software. Chi² test or exact Fischer's test were used when needed for comparison.

Results

Between July 2015 and October 2016, 439 patients were hospitalized for non-vertebral fractures.

Sixty-seven patients were excluded, because their blood tests were not performed, due to the short duration of their hospitalization. Thus 372 patients with biological data (285 women and 87 men, mean age 77.5 ± 13 years) are the basis of this study (Table 1).

The majority of these fractured patients had hip fractures (69.8 %), with only 17 history of parental hip fracture. The other fractures leading to inclusion in the FLS were upper limb (20.5%), lower limb (17.8 %). Sixteen (6.25%) patients were receiving an anti-osteoporotic drug in the past year which was bisphosphonates for 75% of them. Twenty-nine (8.2%) patients used corticosteroids (> 7.5mg/day for at least 3 months) and 10 (2.9%) patients used aromatase inhibitors.

Osteoporosis (T-score ≤ -2.5 at least at one site) was identified in 109 patients (52.7%). Using Vertebral Fracture Assessment, 59 (32.4%) patients had at least one vertebral fracture which was unknown for the patient before the VFA.

In the whole population

Prevalence of patients with at least one biological abnormality in the whole population was 94.6% (n=353). This prevalence was higher in men than in women (88% vs 76.9%, p≤0.05). The most frequent abnormality was vitamin D insufficiency observed in 80% of patients (N=248). In patients receiving calcium and /or vitamin D supplementation, the prevalence of vitamin D insufficiency was 41.1% (N= 107). The number of patients with serum 25 OH vitamin D level below 50 and 25 nmol/l was 148 (47.7%) and 67 (21.6%) respectively. When vitamin D insufficiency was excluded, 287 (76.9%) patients had at least one biological abnormality. 140 patients had several biological abnormalities (more than 2); 48 if we excluded vitamin D insufficiency.

Hypercalcemia was observed in 22 (7.7%) patients. Among them, 6 patients had an increase in PTH with a profile of primary hyperparathyroidism. 16 patients had an appropriate decrease in PTH level.

Hypercalcemia was asymptomatic and never above 3 mmol/l. High value of serum PTH was found in 64 (20.8%) patients. Among the 58 patients with secondary hyperparathyroidism, we identified 2 cases of CKD stage IV (eGFR≤30mL/min). Most of them (89%) had a vitamin insufficiency (25 OH D ≤ 75nmol/L) and 39% a serum level of 25 OH D ≤ 25nmol/L. 41 (13.8%) patients had serum TSH level below 0.4mU/L, 3 of them were previously known. Above the 314 electrophoresis performed, 81 abnormal gamma profiles were identified: hypogammaglobulinemia (n=72, 22.96%), polyclonal gammopathies (n=6, 1.9%), monoclonal bands (n=3, 0.95%). Total alkaline phosphatase was low (ALP < 35 IU/L) in 9 (3.3%) patients with recent non-vertebral fracture.

In the subgroups of population

In the elderly group defined by an age of over 80 years (52.2%), 90.7% had a serum 25 OH D ≤ 75nmol/L, 49 patients (27.8%) had high serum PTH levels, 26 (15.1%) had low TSH, and 18 (10.8%) hypercalcemia. Only one patient had eGFR below 30mL/min. If we compared them to patients < 80 years, we found a higher prevalence of high serum PTH level (27.8% vs 11.7%, p=0.01) and of hypercalcemia (10.8% vs 3.4%, p <0.05) (Table 2).

There was no difference in proportion of biological abnormalities, in patients with or without osteoporosis based on BMD measurements, and with or without vertebral fractures diagnosed on Vertebral Fracture Assessment (Table 2).

There was no difference in the frequency of biological abnormalities in patients with hip fractures (60.8% of the population) as compared to non-hip / non-vertebral fracture (data not shown).

Discussion

This study assessed clinical relevance of early performed laboratory tests in identifying secondary causes of osteoporosis in a population with a recent low trauma non-vertebral fracture. In these recent fractured patients, we found 94.6% of patients with at least one biological abnormality and that the most frequent abnormality was vitamin D insufficiency. If we excluded this abnormality, 76.9% patients had biological abnormalities that can contribute to bone fragility. Using Vertebral Fracture Assessment (VFA), we also confirmed the high proportion of patients with at least one unknown VF (n=59, 32.4%), previously reported in other studies in patients with recent fracture (around 30%) [START_REF] Vranken | The Phenotype of Patients with a Recent Fracture: A Literature Survey of the Fracture Liaison Service[END_REF][START_REF] Van Der Velde | Effect of implementation of guidelines on assessment and diagnosis of vertebral fractures in patients older than 50 years with a recent non-vertebral fracture[END_REF], suggesting the need for vertebral fracture assessment in patients with non-vertebral fractures.

Our results confirmed the prevalence of abnormalities leading to secondary osteoporosis observed in other studies in patients with clinical fractures [START_REF] Bogoch | Secondary causes of osteoporosis in fracture patients[END_REF][START_REF] Bours | Secondary osteoporosis and metabolic bone disease in patients 50 years and older with osteoporosis or with a recent clinical fracture: a clinical perspective[END_REF] and in hip fractured patients, where 80% of patients had at least one abnormality [START_REF] Edwards | Clinical risk factors, bone density and fall history in the prediction of incident fracture among men and women[END_REF]. In younger patients with osteoporosis or a recent clinical fracture, the prevalence is reported lower, ranged from 26 to 51% [START_REF] Leboff | Occult vitamin D deficiency in postmenopausal US women with acute hip fracture[END_REF]. The most frequent abnormality was vitamin D insufficiency, as expected [START_REF] Dawson-Hughes | IOF position statement: vitamin D recommendations for older adults[END_REF], with no difference among patients with osteoporosis or with vertebral fractures. This prevalence was slightly higher in men (88% vs 76.9%) than in women, difference poorly reported in general or fractured populations [START_REF] Hicks | Associations Between Vitamin D Status and Pain in Older Adults: The Invecchiare in Chianti Study[END_REF][START_REF] Wingfield | The Seasonality of Tuberculosis, Sunlight, Vitamin D, and Household Crowding[END_REF].

Insufficiency of vitamin D was the most frequent abnormality even if 41% of our patients were receiving vitamin D supplementation, suggesting that there was a discrepancy between given doses and serum values, or observance problems [START_REF] Simonelli | Prevalence of vitamin D inadequacy in a minimal trauma fracture population[END_REF]. As almost all patients have a vitamin D insufficiency, we justified the questionable performance of vitamin D assay with the difference between supplementation schemes (dose and rhythm of administration) to reach the recommended threshold according to baseline value. It was also justified because vitamin D insufficiency has to be corrected before the initiation of an anti-osteoporotic treatment. Moreover, the efficacy of anti-osteoporotic treatment is better if the vitamin D level is normal [START_REF] Bischoff-Ferrari | A pooled analysis of vitamin D dose requirements for fracture prevention[END_REF][START_REF] Bischoff-Ferrari | Fracture prevention with vitamin D supplementation: a meta-analysis of randomized controlled trials[END_REF].

Hyperparathyroidism and hyperthyroidism are known as metabolic disorders leading to bone loss [START_REF] Silverberg | Longitudinal measurements of bone density and biochemical indices in untreated primary hyperparathyroidism[END_REF][START_REF] Rosen | Longitudinal changes in lumbar bone density among thyrotoxic patients after attainment of euthyroidism[END_REF][START_REF] Mundy | Direct stimulation of bone resorption by thyroid hormones[END_REF] and should be research. We observed 64 (20.8%) patients with high PTH level and 41 (13.8%) low TSH level. The prevalence of high serum PTH level was higher in men than in women (38.8% vs 15.9%, p <0.00001), and in older patients (≥ 80 years) (27.8% vs 11.7%, p <0.01). Among them, six patients (1.9%) had biological profiles compatible with primary hyperparathyroidism (PHPT). This result is close to that reported in patients with fracture [START_REF] Malgo | High prevalence of secondary factors for bone fragility in patients with a recent fracture independently of BMD[END_REF].

The other explanation for elevated serum PTH was the vitamin D insufficiency, found in 90.3% of patients. Renal function impairment (eGFR ≤ 30 mL/min) was only found in 2 patients. However, serum PTH can increase a long time before patients reach late stages [START_REF] O'flaherty | The relationship between intact PTH and biointact PTH (1-84) with bone and mineral metabolism in predialysis chronic kidney disease (CKD)[END_REF][START_REF] Moranne | Timing of Onset of CKD-Related Metabolic Complications[END_REF]. High concentration of PTH can be due to a low intake of calcium, but calcium intake was not assessed.

Finally some patients may have a normocalcemic primary hyperparathyroidism, more frequently diagnosed at an asymptomatic stage [START_REF] Abood | Increasing incidence of primary hyperparathyroidism in Denmark[END_REF][START_REF] Yu | Increased mortality and morbidity in mild primary hyperparathyroid patients. The Parathyroid Epidemiology and Audit Research Study (PEARS)[END_REF]. In non-referral men population, such as The Osteoporotic Fractures in Men (MrOS) study, normocalcemic hyperparathyroidism (PTH level over the upper reference range) was found in 9 (0.4%) patients [START_REF] Cusano | Normocalcemic Hyperparathyroidism and Hypoparathyroidism in Two Community-Based Nonreferral Populations[END_REF][START_REF] Blank | Overview of recruitment for the osteoporotic fractures in men study (MrOS)[END_REF], whereas in the Dallas Heart Study, 108 (3.1%) patients had normocalcemic hyperparathyroidism with no difference between gender, with only 13 (0.6%) persistent elevated PTH levels suggesting hyperparathyroidism [START_REF] Cusano | Normocalcemic Hyperparathyroidism and Hypoparathyroidism in Two Community-Based Nonreferral Populations[END_REF]51).

In our study, we found a high prevalence of hypercalcemia corrected on serum albumin but this may have been distorted by low rates of serum albumin in the acute post-operative context (stress, inflammation...). Even if acute disease is not the recommended timing to evaluate GFR (worsened by stress factors), we surprisingly only found in the population 2 (0.59%) patients with eGFR under 30mL/min (MDRD), 43 (12.7%) with eGFR < 60mL/min (MDRD) and 14 (11%) eGFR< 30mL/min (Cockcroft-Gault), 12 of them over 80 year-old (123 patients). The MDRD equation underestimates mean eGFR by 25%. This bias may lead to misclassifying healthy older persons as having CKD [START_REF] Nitta | Aging and chronic kidney disease[END_REF].

The expected prevalence of CKD (<60mL/min/1.73m²) is 37.1% using the MDRD equation and 55.9% using the Cockcroft-Gault equation. In studies with measured (not estimated) GFR by iohexol clearance, this prevalence was 48.8% (>70 years), and it ranged from 33.2% ([70;74] years) to 91.4% (>90 years) [START_REF] Delanaye | Iohexol plasma clearance for measuring glomerular filtration rate in clinical practice and research: a review. Part 2: Why to measure glomerular filtration rate with iohexol?[END_REF].

In the 41 patients with low TSH level, 6 patients had TSH level under 0.1 mU/L (and no story of thyroid disease known). No difference in gender, in age status, BMD status and presence of vertebral fracture was shown. It is known that even subclinical hyperthyroidism is associated with an increased risk of hip fractures, particularly among those with TSH levels of less than 0.10 mIU/L [START_REF] Blum | Subclinical thyroid dysfunction and fracture risk: a meta-analysis[END_REF]. TSH levels are commonly lower and negatively related to age [START_REF] Hollowell | Serum TSH, T 4 , and Thyroid Antibodies in the United States Population (1988 to 1994): National Health and Nutrition Examination Survey (NHANES III)[END_REF][START_REF] Laurberg | Iodine intake as a determinant of thyroid disorders in populations[END_REF]. However, in elderly patients with TSH between 0.1 and 0.4 IU/L, progression to clinical hyperthyroidism remains rare (approximately 1% per year) and spontaneous TSH normalization is fairly common [START_REF] Rosario | Natural history of subclinical hyperthyroidism in elderly patients with TSH between 0•1 and 0•4 mIU/l: a prospective study[END_REF]. TSH level is reported to be associated with many acute situations (pancreatitis, coronary syndrome, liver failure, depression…) and this can be finally the explanation to high TSH. [START_REF] Yang | Serum levels of thyroid hormones and thyroid stimulating hormone in patients with biliogenic and hyperlipidaemic acute pancreatitis: Difference and value in predicting disease severity[END_REF][START_REF] Wu | Usefulness of serum thyroid-stimulation hormone (TSH) as a prognostic indicator for acute-on-chronic liver failure[END_REF][START_REF] Viswanathan | Blood thrombogenicity is independently associated with serum TSH levels in post-non-ST elevation acute coronary syndrome[END_REF][START_REF] Wysokiński | Level of thyroid-stimulating hormone (TSH) in patients with acute schizophrenia, unipolar depression or bipolar disorder[END_REF].

Abnormal gammaglobulin level was observed in 81 serum protein electrophoresis with hypogammaglobulinemia (n=72, 22.7%), polyclonal gammopathies (n=6, 1.9%) and monoclonal bands (n=3, 0.9%). All monoclonal bands occurred in patients with hip fracture, and one had a so far unknown vertebral fracture detected on VFA. MGUS frequency is known higher in patients with vertebral fractures [START_REF] Bida | Disease associations with monoclonal gammopathy of undetermined significance: a population-based study of 17,398 patients[END_REF]. We did not find any multiple myeloma, probably due to the exclusion of pathological fractures. Our results lead us to discuss the value of this assay in the case of a low trauma non-vertebral fracture for whose pathological cause has been excluded.

Our hypogammaglobulinemia can be explained by the acute ill state of patients as altered plasma immunoglobulin concentrations were decreased in sepsis or other situation of systemic inflammation [START_REF] Shankar-Hari | Endogenous IgG hypogammaglobulinaemia in critically ill adults with sepsis: systematic review and meta-analysis[END_REF].

Among the 9 patients with hypophosphatasemia (ALP <35 IU/L), none were receiving anti-resorptive treatments. As far as we know during the follow-up, none of these abnormalities was persistent suggesting transient hypophosphatasia due to perioperative stress [START_REF] Mckiernan | Acute hypophosphatasemia[END_REF].

Frequencies of biological abnormalities were not different with or without osteoporosis . Furthermore, we did not find any difference in the proportion of abnormalities in patients with previous prevalent VFs.

One relevant remaining question is the better timing to perform these blood tests in a patient with a recent fracture. Our study showed that if they are performed very early just after the fracture, there is high proportion of abnormalities that needs to be checked later during the follow-up, delaying the start of an anti-osteoporotic treatment. However, in the FLS model, the recommendation is to introduce an anti-osteoporotic therapy in the 3 months after the fracture (3). Though, if blood tests are performed later, the check and the corrections of some abnormalities, such as vitamin D insufficiency, delay the introduction of antiosteoporotic treatment. Our suggestion is to perform these tests later, for example at one month after the fracture, with a risk of losing patients to follow-up. The choice of the best time to carry out these tests to remove another cause of bone fragility remains an essential point in post fracture management care.

One of the study's strength was the systematic blood tests, decreasing the number of lost to follow-up patients in this osteoporosis population. One limit was the cross-sectional design where no follow-up was available for this study. Nevertheless, the patients were followed by their general practitioner and the rheumatologist involved in the FLS.

This study performed in patient with recent low trauma non vertebral fractures showed that 94.6% of patients had at least one contributor to bone fragility, which was the vitamin D insufficiency in the great majority of cases. We found a high proportion of biological abnormalities which require additional explorations but most of them can be explained by the postoperative context. Performing the blood tests early after the fracture leads to a high rate of abnormalities that need to be checked later. Appropriate time to perform these biological exams, without delaying the introduction of antiosteoporotic treatment remains to be determined.
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Table 1 :

 1 Characteristics of the population

	Variables	
	Age (years, mean±sd)	77.5 ± 13
	BMI (kg/m², mean±sd)	23.9 ± 5.2
	Menopause (years, mean±sd)	49.5 ± 4.5
	Dementia (n,%)	95 (27.7)
	Parkinson (n,%)	16 (4.7)
	Diabetes (n,%)	43 (12.1)
	Hyperthyroidism (n,%)	11 (3.1)
	Rheumatoid arthritis (n,%)	8 (2.25)
	Use of walking assistance (n,%)	107 (30.7)
	Current smoking (n,%)	55 (15.5)
	Excess of Alcohol consumption (n,%)	27 (7.65)
	Parental Hip Fracture (n,%)	28 (12.1)
	Fall (n,%)	257 (92.3)
	Corticosteroids use (n, %)	29 (8.2)
	Selective serotonin inhibitor use (n, %)	37 (11)
	Antiaromatase inhibitors use (n, %)	10 (3)
	Vitamin D supplementation (n, %)	107 (41.5)
	Anti Osteoporotic treatment use (n, %)	15 (5.9)
	Biological markers (mean±sd)	
	Corrected. Calcemia (mmol/L)	2.44 ± 0.12
	Serum creatinine (µmol/L)	70.3 ± 29.9
	Total ALP (IU/L)	79.6 ± 90.5
	PTH (pmol/L)	3.26 ± 1.9
	TSH (mU/L)	2.01 ± 6.9
	25OH vit.D (nmol/L)	54.5 ± 32.5
	Serum Albumin (g/L)	32.1 ± 4.7
	BMI Body mass Index; ALP: alkaline phosphatase; PTH: parathormone; TSH thyreostimulin

Table 2 .

 2 Results on biological abnormalities in total and subgroups of population.VF : vertebral Fracture. Age class (years). PTH : parathormone. TSH: Thyreostimulin. ALP: alkaline phosphatase. eGFR : estimated glomerular filtration rate.

		TOTAL		GENDER			AGE			T-SCORE		Vertebral fracture
	Abnormality: n (%)		Women	Men	p-value	≥ 80	< 80	p ≤ -2.5	> -2.5	p	≥ 1	< 1	p
	vitamin D ≤ 75nmol/L	248 (80)	183 (76.9)	64 (88.8)	0.04 176 (98.8) 132 (99)	1 74 (79.6) 70 (79.5)	1 44 (83) 84 (78.5)	0.64
	PTH > 4.2 pg/mL	64 (20.8)	37 (15.9)	28 (38.8) <0.0001 49 (27.8) 15 (11.7)	0.013 23 (25.5) 11 (12.9)	0.06 14 (27.5) 18 (16.9)	0.19
	TSH <0.4 mU/L	41 (13.8)	30 (13.3)	11 (15.5)	0.06 26 (15.1) 15 (12.2)	0.59 15 (16.6) 9 (11.4)	0.47 5 (10.4) 15 (14.7)	0.64
	Calcium > 2.6mmol/L	22 (7.7)	18 (8.3)	4 (5.88)	0.61 18 (10.8) 4 (3.41)	0.038 9 (10.8) 5 (6.34)	0.46 4 (8.3)	8 (8.4)	1
	Total ALP < 35UI / L	9 (3.3)	6 (2.9)	3 (4.4)	0.69 3 (1.85)	6 (5.3)	0.17 3 (3.79) 5 (6.67)	0.48 2 (4.2)	5 (5.5)	1
	Monoclonal Band	3 (0.8)	3 (1.25)	0	1 2 (1.5)	1 (0.55)	1 1 (1.1) 2 (2.32)	1 1 (1.9)	1(0.97)	1
	eGFR < 30 mL/min	2 (0.6)	1 (0.4)	1 (1.2)	0.43 1 (0.53)	1 (0.68)	1	1 (1)	1 (1.1)	1	0	2 (1.8)	1
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