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Background

Early identification of risk factors for low bone mass for chronological age (LBMca) and childhood osteoporosis (cOP) in patients undergoing skeletal growth is essential to mitigate long-term skeletal complications. cOP is diagnosed when LBMca (BMD Z-score ≤2) is accompanied by a clinically significant fracture history, or when vertebral fragility fractures are present.





Methods

Patients under 21 years of age with at least one risk factor for LBMca (malabsorption syndrome, chronic inflammatory diseases, hematological diseases, endocrinopathies, drugs that affect bone metabolism, or insufficient calcium intake) were included. Data on fractures history and physical activity levels were collected. Spine and whole-body dual-energy x-ray absorptiometry (DXA) and vertebral morphometry were performed. Age-adjusted linear regression analysis evaluated associations between bone mineral density (BMD) and risk factors.





Results

A total of 103 patients were included (mean age 9.8 years; 52.4% female), and 96.1% had more than two risk factors. The prevalence of LBMca was 10.5% and the prevalence of cOP was 4.8%. Vertebral BMD was positively associated with male sex. Whole body BMD was negatively associated with sedentary lifestyle and fracture history. Total body less head BMD showed negative associations with current steroid treatment, sedentary lifestyle, and history of fractures.





Conclusions

Pediatric populations at risk of LBMca or cOP often have multiple risk factors, notably modifying ones such as physical inactivity. Up to 10.5% of children with risk factors present LBMca and 4.8% have an undiagnosed or unknown cOP. Longitudinal studies are warranted to understand the long-term impact of the identified risk factors, including age, sex, sedentary lifestyle, ethnicity and vitamin D status, on bone health.





Keywords: low bone mass for chronological age, childhood osteoporosis, bone fragility, bone mineral density, DXA (dual-energy x-ray absorptiometry)




1 Introduction

Currently, osteoporosis is a prevalent condition that may cause fractures due to bone fragility (1). Although these fractures mainly occur in individuals older than 50, the causes are often present during bone development at early ages (2). Reaching an adequate peak bone mass during adolescence is essential to prevent osteoporosis at older ages due to the effects of hormonal deficiencies and other factors associated with aging such as sarcopenia (3, 4).

Despite its clinical significance, Childhood Osteoporosis (cOP) remains frequently underdiagnosed in everyday pediatric practice. Its subtle presentation, lack of standardized screening protocols, and limited awareness among healthcare providers often delay recognition. As a result, many children at risk -particularly those with chronic conditions or on prolonged exposure to bone-impacting medications- may go unnoticed until fractures occur.

At present, the impact each osteoporosis-related risk factor has on bone development and their prevalence are unknown. Additionally, the short-term and long-term consequences of the risk factors present during childhood are unknown. The currently accepted primary risk factors for developing low bone mass for chronological age (LBMca) include insufficient calcium and vitamin D intake (5), sedentary lifestyle (5, 6) diseases that cause chronic inflammation (7), hypercalciuria (5, 6) and malabsorptive diseases (8). Drugs that affect bone metabolism, such as glucocorticoids or immunosuppressants, are also described as common causes of secondary osteoporosis (6, 9, 10).

In addition to the aforementioned risk factors, related conditions such as sarcopenia, a component of malnutrition, can adversely impact overall bone health and physical function by reducing skeletal muscle mass and muscle function, highlighting the importance of early detection and management through assessments of muscle mass, strength, and physical performance (11, 12).

The early detection of these risk factors may allow for better control of LBMca and treatment of cOP at early ages. Adherence to treatment is vital for effectively managing these conditions (13), as it helps prevent complications such as fractures and enhances overall patient care.

Since most of our knowledge regarding LBMca and Bone mineral density (BMD) was ascertained from adult populations, the objective of this study is to determine the risk factors for LBMca and BMD, and to describe the prevalence of risk factors for LBMca in a cohort of patients undergoing skeletal growth.




2 Materials and methods

We conducted a cross-sectional ambispective analytic study. Eligible patients were consecutively recruited from our Pediatric Rheumatology Outpatient Clinic between January 2018 and December 2020. Patients and/or their legal guardians gave their informed consent prior to recruitment. The study obtained approval from the institutional ethics committee of Hospital Sant Pau (IIBSP-FRA-2016-11). The study was conducted in accordance with the Helsinki Declaration.



2.1 Study population

Inclusion criteria were patients under 21 years of age who presented with at least one of the following risk factors: malabsorption syndrome, chronic inflammatory diseases, hematological diseases, endocrinopathies, treatment with drugs that affect bone metabolism (glucocorticosteroids or immunosuppressant drugs), or insufficient calcium intake. Patients who had previously received any anti-osteoporotic drugs were excluded.

Patients were classified as LBMca and cOP according to the International Society for Clinical Densitometry 2013 Pediatric Position Development Conference (14). The study was approved by the ethics committee at our hospital (IIBSP-FRA-2016-11). Informed consent was obtained from all patients and/or their legal guardians prior to recruitment.




2.2 Data collection and study variables

Electronic medical records from the hospital were used for data collection. All patients attended a baseline visit for a clinical interview and physical examination. Demographic and clinical variables were collected during the clinical interview. The patients who fulfilled the inclusion criteria underwent a dual-energy x-ray absorptiometry (DXA) and blood test. The following demographic and clinical variables were collected: age, sex, weight, height, disease history, history of previous fractures and current and past medication. Average calcium intake (milligrams/day) was calculated with the INDICAD 2001 study test (15), a validated, non-invasive questionnaire assessing dietary calcium consumption. Although we acknowledge potential recall bias inherent to dietary questionnaires, this method was selected for its feasibility and established use in routine clinical practice, allowing for consistent data collection across a wide age range. Physical activity was measured by the PAQ-A (Physical Activity Questionnaire for Adolescents) for patients older than 12. For patients younger than 12, the PAQ-C (Physical Activity Questionnaire for Children) was used. Both questionnaires were validated in the Spanish population (16, 17). Scores ranged from 1 (very low level of physical activity) to 5 (high level of physical activity). Data on physical activity were not collected for children under three years of age since the questionnaires are not validated for this age range.

Fasting laboratory parameters collected were calcemia, phosphatemia, OH-25-vitamin D concentration (determined by liquid chromatography coupled with tandem mass spectrometry), and calciuria from 6-hour urine collection. Outlier results from the 6-hour urine test were double-checked with a 24-hour calciuria test.

The following data were obtained by DXA: total body BMD, total body less head BMD, BMD at vertebrae L1-L4, and total body and vertebrae L1-L4 Z-score. Height adjustment for vertebral and total body Z-score values was performed for all cases by means of the formulas published by Zemel et al. (18). Densitometric determinations were obtained using an Hologic Discovery densitometer scanner (Hologic Discovery, Inc., Bedford, MA, USA) equipped with TBS iNsight® software (Medimaps Group, Mérignac, France), and calibrated for pediatric use. All DXA scans were performed within one week of the clinical evaluation to ensure consistency between clinical and densitometric data.

The presence or absence of vertebral fractures was analyzed with vertebral morphometry by applying Genant’s semi-quantitative scale (19, 20).




2.3 Statistical analysis

Statistical analyses were performed with the IBM-SPSS (V26.0) software package. Quantitative variables are presented as mean (standard deviation). Categorical variables are presented as absolute frequencies and percentages. The relationship between categorical variables was assessed with contingency tables and the Chi square test, or Fisher’s exact test. The T-test was used to evaluate quantitative variables in comparison to a two-grouped categorical data analysis, and an analysis of variance was used in the case of more than two groups. The Mann–Whitney U test was used for non-normally distributed ordinal or quantitative variables in the case of two groups, and the Kruskal–Wallis test was used for more than two groups. Pearson’s linear correlation coefficient was used to correlate two quantitative variables. Spearman’s correlation coefficient was calculated when one of these variables or both were ordinal or showed a non-normal distribution in the Shapiro-Wilk test. Multivariable regression analyses were conducted adjusting for age and sex. However, due to the limited sample size and heterogeneity of the sample, a sensitivity analysis could not be performed. Potential cofounding factors were evaluated in the univariate analysis, stratified by risk factors. 95% confidence intervals were calculated for clinically relevant results. For all cases, the type I error level was 5% (α = 0.05) and a bilateral approximation was used.

An empirical sample size calculation was conducted based on an expected prevalence of LBM between 10% and 20%, with the inclusion of at least two key covariates (age and sex). Following the rule of one predictor per ten outcome events for multivariable analysis, a target sample size of approximately 100 participants was estimated. A post-hoc power calculation was then performed using the observed data. Assuming a small-to-medium effect size (f² = 0.10), two predictors (age and sedentary lifestyle), α = 0.05, and a desired power of 0.80, the required sample size was estimated at 100 participants. Our final cohort of 103 meets this threshold, providing an actual power of 0.803 and supporting the strength and stability of the planned analyses.





3 Results



3.1 Baseline characteristics and prevalence of the risk factors

A total of 103 patients were included for analysis, with a variety of comorbid diseases reflecting the diverse clinical backgrounds of the study population. The baseline characteristics of the population and the risk factors for LBMca are summarized in Table 1. Mean age was 9.8 years (SD ±4.7, range 2-20). The comorbidities included malabsorption syndromes and food allergies (mostly cow’s milk protein allergy and celiac disease, but also multiple food allergies, eosinophilic esophagitis, Chron’s disease, and short bowel syndrome), juvenile idiopathic arthritis (JIA) with its various subtypes (oligoarticular, polyarticular, enthesitis-related, psoriatic arthritis, and systemic JIA), nephropathies (including nephrotic syndrome, renal tubular acidosis, and chronic renal failure), hematological diseases (such as lymphoma, acute lymphoblastic leukemia, and graft-versus-host disease), systemic autoimmune diseases (including vasculitis, systemic lupus erythematosus, autoimmune hepatitis, and eosinophilic fasciitis), and autoinflammatory diseases (such as ADA2 deficiency, familial Mediterranean fever, and PFAPA syndrome).


Table 1 | Baseline characteristics.



No patients were diagnosed with hypogonadism, delayed developmental milestones, or non-ambulatory conditions that could affect bone mass acquisition. This is important to note, as mechanical load related to gravity is essential for normal bone development, as is age (21).

At some timepoint, 40 patients (38.8% of the sample) had received systemic corticosteroid treatment, and 20 (19.4%) were receiving it at the time of recruitment. The mean daily doses and accumulated doses of prednisone in patients in current use were 6.9 mg/day (range 1.125 mg – 40 mg) and 8605 mg (median of 8283 mg), respectively. The mean accumulated dose of prednisone in patients with a prior use of corticosteroids was 4853 mg (median 2305 mg).

Data regarding daily calcium intake and daily recommended amounts (DRA) (22) are summarized in Table 2. Daily average calcium intake in diet was 696 mg. A decrease in adherence to calcium DRA was observed in accordance with age increase (p= 0.035). Median physical activity in each age group measured by PAQ was: 3.19 (IQ 25-75%:0.57) out of a maximum of 5 in school age subjects (4–9 years), 2.8 (IQ 25-75%:0.95) in adolescents (10-17years) and 2.45 (IQ 25-75%:1.67) in young adults.


Table 2 | Daily mean calcium intake.



For 100% of the cohort, calcemia was normal with an average of 2.49 (0.75) mmol/L. For 86% of the cohort, phosphatemia levels were normal with a mean of 1.57 (0.21) mmol/L, while 14% of patients presented elevated levels of serum phosphorus with a mean of 1.84 (0.16) nmol/L. The mean level of serum calcidiol was 66.82 (33.65) nmol/L. Calcidiol concentration was normal (≥ 30 nmol/L) [17] for 88% of measurements and deficient for 12%, with an average of 22.8 (3.9) nmol/L.

6-hour urine calciuria was obtained for 94% of the cohort. The concentration of calcium in urine was reduced (<1.6mmol/L) in 37.1% of the cohort (according to our local reference values), normal in 58.8% of the cohort, and high (> 5.3 mmol/L) in 4.1%, with a mean calciuria of 2.86 (1.1) mmol/L, 0.86 (0.4) nmol/L, and 7.65 (1.8) nmol/L, respectively.




3.2 Comparison of risk factors between patient groups

While statistically significant differences were observed when comparing the number of risk factors among the different comorbid disease groups (p<0.001), these findings should be interpreted cautiously due to small sample sizes. Patients with hematologic diseases presented the highest number of risk factors (5.4 ± 1.64), followed by those with systemic autoimmune diseases (3.75 ± 0.95), while patients with digestive diseases had the lowest number of risk factors (2.29 ± 0.7). A similar consideration applies to the observed proportion of fractures (57.1%) and sedentary behavior (71.4%) in the hematologic group.

When comparing risk factors between age groups, higher proportions of immunosuppressant treatment (43.6%, p=0.016) and lower daily calcium intake (p=0.035) were found in adolescents, followed by young adults. In addition, the number of risk factors increased with age (1.6 in pre-school children, 3.4 in adolescents, and 3.2 in young adults) (p<0.001). Sedentary lifestyle was most frequent among young adults (33.3%, p=0.017).




3.3 Densitometric results of the population

Tables 3 and 4 show BMD values for the major body regions of interest by sex and the mean BMD for each comorbid disease. A higher age-adjusted vertebral BMD was observed in females (p=0.005), but it was not observed in total body BMD or in total body less head BMD (p=0.762 and p=0.902, respectively).


Table 3 | BMD values of major body regions of interest by sex.




Table 4 | Age-adjusted BMD of major body regions of interest by comorbid disease.



Table 5 shows the proportion of LBMca in each comorbid disease group according to non-adjusted and height adjusted vertebral and total body Z-score.


Table 5 | Proportion of LBMca by diagnosis groups before and after height adjustment.



Figure 1 shows the classification flow of the 103 patients included in the study according to their BMD Z-scores and fracture history. Of the total cohort, 11 patients met the criteria for LBMca, defined as a BMD Z-score ≤ -2. Among these, 5 patients also presented a clinically significant fracture history, thus fulfilling the criteria for cOP.




Figure 1 | Flowchart study of population classification according to bone mineral density and fracture history. DXA, dual-energy x-ray absorptiometry; LBMca, Low Bone Mass for chronological age; cOP, Childhood Osteoporosis.



Vertebral morphometry was performed on 95 children: five patients showed vertebral fractures, of whom four were asymptomatic. Table 6 provides detailed information about the vertebral fractures identified through morphometry in these patients, including fracture types and associated diagnoses.


Table 6 | Vertebral fractures by morphometry.






3.4 Association of clinical risk factors and BMD value

The correlation between clinical risk factors and BMD was assessed. A statistically significant relationship between vertebral BMD and age (p<0.001), sex (p<0.001), presence of hypovitaminosis D (p<0.001), time since diagnosis (p<0.001) and Latin American ethnicity (p<0.001) was found with a combined correlation coefficient of 0.73. This indicates that these risk factors accounted for 73% of the observed variability in vertebral BMD.

There was also a statistically significant relationship between total body BMD and age (p<0.001), time since diagnosis (p<0.001) and sedentary behaviors (p<0.001), with a combined correlation coefficient of 0.81 (p<0.001) and a statistically significant relationship between total body BMD less head and age (p<0.001), time since diagnosis (p<0.001), level of physical activity (p<0.001), and Latin American ethnicity (p=0.031). In this context, Latin American ethnicity may reflect underlying sociocultural, environmental, or genetic factors that were not directly measured in this study.

There was a statistically significant positive correlation between the number of risk factors and BMD in the three major regions of interest, but this relationship lost statistical significance when stratified by age.

A stepwise backward elimination of variables was performed to select the best predictive linear regression model. Finally, a linear regression test adjusted by age was performed to evaluate the association of risk factors and BMD values in different regions (Table 7). Vertebral BMD had a positive adjusted association with male sex and hypovitaminosis D. Whole body BMD had a negative adjusted association with a sedentary lifestyle and a history of fracture. Total body less head BMD had a negative adjusted association with current steroid treatment, a sedentary lifestyle, and a history of fracture.





4 Discussion

The objective of this study was to identify patients at risk of presenting LBMca based on their risk factors, describe this population, and assess the prevalence of LBMca and cOP. Additionally, the study aimed to investigate the impact of each risk factor on BMD. Our findings offer novel insights into the prevalence and influence of various risk factors on BMD within a growing population at risk of LBMca in a real-world setting.



4.1 Risk factors in our population

The patients included in the study were initially identified based on having one risk factor for developing LBMca. Upon further evaluation, we found that more than one-third of these patients had two or more risk factors. Notably, over one-quarter had at least four risk factors, which had previously gone unnoticed. This finding underscores the need for greater vigilance in identifying and monitoring risk factors to prevent them from being overlooked.

A higher number of risk factors was observed in patients with hematologic diseases, which could be expected given their frequent comorbidities. Additionally, the number of risk factors increased with age. However, these subgroup patterns are preliminary and should be viewed as hypothesis-generating, since subgroup sample sizes were small, particularly in the hematologic subgroup (n=7). To our knowledge, no other published studies of similar cohorts have described this observation, and further research is needed to validate these findings.

The most prevalent risk factor in this study was low calcium intake, which was found in 84.5% of the total cohort. Previous studies had observed a decrease in calcium intake in young, healthy individuals who were completing the transition to adulthood (23). A high percentage of inadequate calcium intake favors the presence of additional risk factors.

The relatively low fracture history (13/103) despite the prevalence of risk factors is not due to under-reporting, as our methodology included thorough examination of clinical histories for both personal and familial fracture incidents. Our approach was strengthened by implementing DXA morphometry assessment specifically to identify vertebral fractures that might otherwise go undetected. This proactive screening revealed a higher prevalence of asymptomatic vertebral fractures that initially anticipated, underscoring the importance of systematic radiological assessment in this population beyond reliance on reported symptoms or clinical history alone.




4.2 Diagnosis groups and BMD differences

When assessing whether there were differences in BMD according to the diagnosis group, it was observed that hematologic diseases along with digestive diseases and nephropathies were the groups with the lowest BMD. Although prior literature supports decreased BMD in relation to these conditions (24–30), our results are not conclusive due to small sample sizes within each subgroup. Nephrotic syndrome is one of the most widely studied diseases (29, 31, 32), and prior evidence illustrates that up to 25% of affected children present Z-scores lower than expected when compared to an average population one year after diagnosis (33).

In our study, hematologic diseases showed the highest proportion of LBMca (60%), followed by Juvenile Idiopathic Arthritis (JIA) and digestive diseases. While these trends are consistent with prior studies, they should be interpreted as exploratory given the limited subgroup sizes and thus require confirmation in larger, prospective cohorts.




4.3 Impact of risk factors on BMD

We observed that the main risk factors related to BMD were age and sedentary lifestyle, which accounted for 81.9% of the variability in total body BMD. For total body less head BMD, these two factors, along with Latin American ethnicity, likely serving as a proxy for broader unmeasured sociocultural, environmental, or genetic factors, explained 82.5% of the variability. Regarding vertebral BMD, a sedentary lifestyle was not found to be associated with variability in BMD. However, hypovitaminosis D, along with age, sex, and ethnicity, were found to be statistically significant related factors. The positive association between hypovitaminosis D and vertebral BMD may be influenced by several factors, including seasonal fluctuations in sunlight exposure (34, 35), the patient’s ethnicity (36), genetic polymorphisms (34, 35, 37), underlying diseases (35), vitamin D supplementation history, and other potential confounders (37). In particular, ethnic differences in vitamin D metabolism and seasonal variations in solar exposure could contribute to variability in vitamin D levels.

Moreover, prior studies, including ours, have described lower vitamin D concentrations in individuals with higher body weight (36). In the pediatric population, weight gain is often related to a higher BMD (38–40), a trend also described in our sample. Therefore, the relationship between Vitamin D and body weight may exert a further confounding effect in the interpretation of hypovitaminosis D and its effects on BMD, particularly in a growing population experiencing both weight gain and increasing BMD over time.

Additionally, disease severity in children with chronic diseases could play a critical role in both vitamin D metabolism and BMD. Similarly, vitamin D supplementation may modify the observed association between hypovitaminosis D and BMD, as those receiving supplementation could exhibit different bone health outcomes. Given these considerations, we interpret the positive association between hypovitaminosis and vertebral BMD with caution. Further sensitivity analyses, including adjustments for these potential confounders, are warranted to validate this finding. The complexity of the relationship between vitamin D, weight, and BMD in pediatric populations underscores the need for additional studies to clarify these associations.

Interestingly, whole body less head BMD had a negative adjusted association with current steroid treatment, but vertebral BMD did not, even though trabecular bone would be expected to be more sensitive to glucocorticoids. Previous histomorphometric studies describe that the use of corticosteroids in the pediatric population is associated with a decrease in trabecular thickness and the thickness of the osteoid material, together with an increase in the space between trabeculae, but these children are also reported as presenting heterogeneous and hypermineralized mineralization (41). The authors postulate that this heterogeneous hypermineralization, may partially explain why whole body less head may be more sensitive for evaluating the bone effects of glucocorticoids, since the evaluated area is larger and probably less sensitive to heterogeneity in mineralization.

It can be deduced from these data that sedentary lifestyle is the modifiable risk factor with the greatest impact on BMD in pediatric age. However, due to the cross-sectional design of this study, causality cannot be inferred, thus longitudinal cohort studies are needed to better understand temporal associations. In this study, a link between a decrease in the level of physical activity and increasing age was observed, and this observation has also been described in a comparable healthy population (17, 42). This decrease in the level of physical activity is a growing concern, and is also important in both healthy adolescents and adolescents suffering from chronic diseases, especially because of the well-known benefits of physical activity for both groups (43–48). In this respect, there are studies in which a lower level of physical activity is described in children and adolescents with JIA despite an adequate management of the disease (49). The same lower level was observed in children suffering from hematologic diseases 10 months after receiving their last treatment (50), as well as in children with chronic nephropathies (51), and in children with systemic autoimmune diseases (52), among others. Our study found a lower level of physical activity in children with hematologic diseases, followed by nephropathies, vasculitis, and autoinflammatory diseases.

There was no statistically significant association between the number of risk factors and total body, total body less head, and vertebral BMD measurements stratified by age. However, there was a clear trend of patients with a higher number of risk factors presenting a lower BMD. Although this study did not find a statistically significant relationship between any risk factors, or a combination of them, and LBMca, the authors believe it is important to consider them when evaluating children at risk of fractures.

A major limitation of our study is the inability to calculate Z-scores for the Total Body Less Head projections due to technical constraints of outdated DXA software, which undermines the standardization and comparability of these measurements. To mitigate this issue, we prioritized the use of raw BMD values alongside the available Z-scores, enhancing transparency and emphasizing their role in preserving the interpretability of our findings. While we believe the raw BMD values offer valuable clinical insights, they may not be as easily interpretable as Z-scores. These limitations should be taken into account when interpreting our findings, and further research with updated DXA software and standardized protocols is warranted to validate and expand upon our results.

The study’s cross-sectional design also represents a limitation, as it restricts our ability to draw causal inferences. Although we observed associations between sedentary lifestyle, hematological diseases, and BMD, these findings should be interpreted with caution. Further longitudinal studies are necessary to establish the temporal relationship between clinical risk factors and the development of LBMca or cOP over time. Moreover, the relatively small sample size (n=103) limits the statistical power of subgroup analyses. As such, all subgroup findings should be interpreted as exploratory.

Regarding data collection, another limitation concerns potential measurement bias in dietary calcium intake and physical activity levels. While the INDICAD questionnaire to estimate calcium intake is practical, it remains subject to recall bias inherent in self-reported dietary assessments. Likewise, physical activity questionnaires are not validated for children under three years of age, leading to incomplete data from this subgroup.

Despite these limitations, our study offers valuable insights. To our knowledge, this is the first study to investigate the prevalence and relevance contribution of each risk factor on BMD in a real setting of a pediatric growing population at risk of LBMca. While the current data provide an important foundation, future research should aim for larger, longitudinal designs.

Based on our findings regarding risk factor prevalence and their impact on BMD, we propose a screening algorithm for patients at risk of LBMca (Figure 2). This algorithm emphasizes the identification of risk factors and provides a structured approach to risk stratification and monitoring. The role of modifiable factors, especially physical activity, is further emphasized as a key public health message. Implementation of such a screening protocol in clinical practice could facilitate timely intervention in pediatric populations with chronic diseases, potentially preventing long-term bone health complications. While our cross-sectional data cannot establish causality, this screening framework offers a practical application that could inform clinical guidelines for pediatric bone health assessment.




Figure 2 | Screening Algorithm for Pediatric LBMca Risk. *A representative patient pathway has been added to illustrate the clinical decision process. LBMca, Low Bone Mass for chronological age; BMD, Bone Mineral Density; JIA, juvenile idiopathic arthritis; cOP, Childhood Osteoporosis.




Table 7 | Best predictive regression model adjusted by age.







5 Conclusions

In our cohort, LBMca and cOP prevalence in children with risk factors was up to 10.5% and 4.85%, respectively. Children at risk of LBMca/cOP typically presented with two or more risk factors identified, including age, sex, sedentary lifestyle, ethnicity, and hypovitaminosis D. While associations between these factors and bone health were observed, causality remains uncertain due to the cross-sectional nature of the study. Our findings support integrating routine DXA morphometry screening into clinical pathways for pediatric rheumatology and endocrinology, especially for at-risk children, as this revealed asymptomatic vertebral fractures that would have otherwise gone undetected. To fully understand the impact of these factors on the development of bone health and their potential long-term consequences, larger prospective studies are required.





Data availability statement

The original contributions presented in the study are included in the article. Further inquiries can be directed to the corresponding authors.





Ethics statement

The studies involving humans were approved by Institutional Ethics Committee of Hospital de la Santa Creu I Sant Pau, Barcelona, Spain (IIBSP-FRA-2016-11). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.





Author contributions

BM: Conceptualization, Formal Analysis, Methodology, Project administration, Validation, Writing – original draft, Writing – review & editing. DC: Writing – review & editing. JB: Methodology, Writing – review & editing. GF: Methodology, Writing – review & editing. HP: Methodology, Writing – review & editing. HC-M: Methodology, Project administration, Validation, Visualization, Writing – review & editing. EQ: Methodology, Writing – review & editing. ML: Methodology, Writing – review & editing. MT: Writing – review & editing. AM: Investigation, Writing – review & editing. SH: Investigation, Writing – review & editing. IG: Software, Writing – review & editing. SB: Writing – review & editing. JC: Writing – review & editing. HC: Writing – review & editing. JM: Conceptualization, Methodology, Project administration, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.




Acknowledgments

We wish to thank the Spanish Society of Rheumatology (SER) Investigation Unit for their methodological support.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Klibanski, A, Adams-Campbell, L, Bassford, T, Blair, SN, Boden, SD, Dickersin, K, et al. Osteoporosis prevention, diagnosis, and therapy. NIH consensus statement. Journal of the American Medical Association (JAMA). (2000) 17:1–45. doi: 10.1001/jama.285.6.785

2. Pitukcheewanont, P, Austin, J, Chen, P, and Punyasavatsut, N. Bone health in children and adolescents: risk factors for low bone density. Pediatr Endocrinol Rev: PER. (2013) 10:318–35.

3. Cooper, C, Westlake, S, Harvey, N, Javaid, K, Dennison, E, and Hanson, M. Review: developmental origins of osteoporotic fracture. Osteoporosis Int. (2006) 17:337–47. doi: 10.1007/s00198-005-2039-5

4. Zhu, X, and Zheng, H. Factors influencing peak bone mass gain. Front Med. (2021) 15:53–69. doi: 10.1007/s11684-020-0748-y

5. S B,. Osteoporosis infantil. Protoc Diagn Ter Pediatr. (2014) 1:197–201.

6. Makitie, O. Causes, mechanisms and management of paediatric osteoporosis. Nat Rev Rheumatol. (2013) 9:465–75. doi: 10.1038/nrrheum.2013.45

7. Galindo Zavala, R, Núñez Cuadros, E, Martín Pedraz, L, Díaz-Cordovés Rego, G, Sierra Salinas, C, and Urda Cardona, A. Baja densidad mineral ósea en artritis idiopática juvenil: prevalencia y factores relacionados. Anales Pediatría. (2017) 87:218–25. doi: 10.1016/j.anpedi.2016.12.005

8. Reumatología, S. Manual de Enfermedades Óseas. (2010). Editorial médica Panamericana S.A. España. 512 p.

9. Bianchi, ML, Cimaz, R, Galbiati, E, Corona, F, Cherubini, R, and Bardare, M. Bone mass change during methotrexate treatment in patients with juvenile rheumatoid arthritis. Osteoporosis Int. (1999) 10:20–5. doi: 10.1007/s001980050189

10. Borusiak, P, Langer, T, Heruth, M, Karenfort, M, Bettendorf, U, and Jenke, AC. Antiepileptic drugs and bone metabolism in children: data from 128 patients. J Child Neurol. (2013) 28:176–83. doi: 10.1177/0883073812443005

11. Ooi, PH, Thompson-Hodgetts, S, Pritchard-Wiart, L, Gilmour, SM, and Mager, DR. Pediatric sarcopenia: A paradigm in the overall definition of malnutrition in children? JPEN J Parenteral Enteral Nutr. (2020) 44:407–18. doi: 10.1002/jpen.1681

12. Buccheri, E, Dell’Aquila, D, Russo, M, Chiaramonte, R, Musumeci, G, and Vecchio, M. Can artificial intelligence simplify the screening of muscle mass loss? Heliyon. (2023) 9:e16323. doi: 10.1016/j.heliyon.2023.e16323

13. Mangano, GRA, Avola, M, Blatti, C, Caldaci, A, Sapienza, M, Chiaramonte, R, et al. Non-adherence to anti-osteoporosis medication: factors influencing and strategies to overcome it. A narrative review. J Clin Med. (2022) 12. doi: 10.3390/jcm12010014

14. Gordon, CM, Leonard, MB, and Zemel, BS. 2013 Pediatric Position Development Conference: executive summary and reflections. J Clin Densitom: Off J Int Soc Clin Densitom. (2014) 17:219–24. doi: 10.1016/j.jocd.2014.01.007

15. Orozco, P, Vilert Garrofa, E, and Zwart Salmeron, M. Evaluación de la ingesta de calcio en la población adulta de España. Estudio INDICAD Vol. 13. España: Revista Española de Enfermedades Metabólicas Óseas (REEMO) (2004) p. 117–21.

16. Kowalski, KC, Crocker, PR, and Donen, RM. The physical activity questionnaire for older children (PAQ-C) and adolescents (PAQ-A) manual. Saskatoon. Canada: College of KInesiology University of Saskatchewan. (2004), 11–5.

17. Martínez-Gómez, D, Martínez-de-Haro, V, Pozo, T, Welk, GJ, Villagra, A, Calle, ME, et al. Fiabilidad y validez del cuestionario de actividad física PAQ-A en adolescentes españoles. Rev Española Salud Pública. (2009) 83:427–39.

18. Zemel, BS, Leonard, MB, Kelly, A, Lappe, JM, Gilsanz, V, Oberfield, S, et al. Height adjustment in assessing dual energy x-ray absorptiometry measurements of bone mass and density in children. J Clin Endocrinol Metab. (2010) 95:1265–73. doi: 10.1210/jc.2009-2057

19. Zeytinoglu, M, Jain, RK, and Vokes, TJ. Vertebral fracture assessment: Enhancing the diagnosis, prevention, and treatment of osteoporosis. Bone. (2017) 104:54–65. doi: 10.1016/j.bone.2017.03.004

20. Alqahtani, FF, and Offiah, AC. Diagnosis of osteoporotic vertebral fractures in children. Pediatr Radiol. (2018) 49(3):283–96. doi: 10.1007/s00247-018-4279-5

21. Di Marcello, F, Di Donato, G, d’Angelo, DM, Breda, L, and Chiarelli, F. Bone health in children with rheumatic disorders: focus on molecular mechanisms, diagnosis, and management. Int J Mol Sci. (2022) 23. doi: 10.3390/ijms23105725

22. Martinez Suarez, V, Moreno Villares, JM, and Dalmau Serra, J. Recommended intake of calcium and vitamin D: positioning of the Nutrition Committee of the AEP. Anales Pediatria (Barcelona Spain: 2003). (2012) 77:57.e1–8.

23. Larson, NI, Neumark-Sztainer, D, Harnack, L, Wall, M, Story, M, and Eisenberg, ME. Calcium and dairy intake: Longitudinal trends during the transition to young adulthood and correlates of calcium intake. J Nutr Educ Behav. (2009) 41:254–60. doi: 10.1016/j.jneb.2008.05.001

24. Wong, SC, Catto-Smith, AG, and Zacharin, M. Pathological fractures in paediatric patients with inflammatory bowel disease. Eur J Pediatr. (2014) 173:141–51. doi: 10.1007/s00431-013-2174-5

25. Rayar, MS, Nayiager, T, Webber, CE, Barr, RD, and Athale, UH. Predictors of bony morbidity in children with acute lymphoblastic leukemia. Pediatr Blood Cancer. (2012) 59:77–82. doi: 10.1002/pbc.24040

26. Nakavachara, P, Petchkul, J, Jeerawongpanich, K, Kiattisakthavee, P, Manpayak, T, Netsakulnee, P, et al. Prevalence of low bone mass among adolescents with nontransfusion-dependent hemoglobin E/beta-thalassemia and its relationship with anemia severity. Pediatr Blood Cancer. (2018) 65. doi: 10.1002/pbc.26744

27. Petryk, A, Polgreen, LE, Barnum, JL, Zhang, L, Hodges, JS, Baker, KS, et al. Bone mineral density in children with fanconi anemia after hematopoietic cell transplantation. Biol Blood Marrow Transpl: J Am Soc Blood Marrow Transpl. (2015) 21:894–9. doi: 10.1016/j.bbmt.2015.01.002

28. Schundeln, MM, Goretzki, SC, Hauffa, PK, Wieland, R, Bauer, J, Baeder, L, et al. Impairment of bone health in pediatric patients with hemolytic anemia. PloS One. (2014) 9:e108400. doi: 10.1371/journal.pone.0108400

29. Hajizadeh, N, Mehrkash, M, Fahimi, D, Qorbani, M, and Shafa, N. Association of bone mineral density with biochemical markers of bone turnover in hemodialysis children. J Renal Injury Prevent. (2016) 5:174–8. doi: 10.15171/jrip.2016.37

30. Kärnsund, S, Lo, B, Bendtsen, F, Holm, J, and Burisch, J. Systematic review of the prevalence and development of osteoporosis or low bone mineral density and its risk factors in patients with inflammatory bowel disease. World J Gastroenterol. (2020) 26:5362–74. doi: 10.3748/wjg.v26.i35.5362

31. Moon, RJ, Gilbert, RD, Page, A, Murphy, L, Taylor, P, Cooper, C, et al. Children with nephrotic syndrome have greater bone area but similar volumetric bone mineral density to healthy controls. Bone. (2014) 58:108–13. doi: 10.1016/j.bone.2013.10.012

32. Hahn, D, Hodson, EM, and Craig, JC. Interventions for metabolic bone disease in children with chronic kidney disease. Cochrane Database Syst Rev. (2015) 2015:Cd008327. doi: 10.1002/14651858.CD008327.pub2

33. Phan, V, Blydt-Hansen, T, Feber, J, Alos, N, Arora, S, Atkinson, S, et al. Skeletal findings in the first 12 months following initiation of glucocorticoid therapy for pediatric nephrotic syndrome. Osteoporosis Int. (2014) 25:627–37. doi: 10.1007/s00198-013-2466-7

34. Ferrari, D, Lombardi, G, and Banfi, G. Concerning the vitamin D reference range: pre-analytical and analytical variability of vitamin D measurement. Biochem Medica. (2017) 27:030501. doi: 10.11613/BM.2017.030501

35. Doyon, A, Schmiedchen, B, Sander, A, Bayazit, A, Duzova, A, Canpolat, N, et al. Genetic, environmental, and disease-associated correlates of vitamin D status in children with CKD. Clin J Am Soc Nephrol: CJASN. (2016) 11:1145–53. doi: 10.2215/CJN.10210915

36. Rajan, S, Weishaar, T, and Keller, B. Weight and skin colour as predictors of vitamin D status: results of an epidemiological investigation using nationally representative data. Public Health Nutr. (2017) 20:1857–64. doi: 10.1017/S1368980016000173

37. Moon, RJ, Harvey, NC, Cooper, C, D’Angelo, S, Curtis, EM, Crozier, SR, et al. Response to antenatal cholecalciferol supplementation is associated with common vitamin D-related genetic variants. J Clin Endocrinol Metab. (2017) 102:2941–9. doi: 10.1210/jc.2017-00682

38. Wetzsteon, RJ, Petit, MA, Macdonald, HM, Hughes, JM, Beck, TJ, and McKay, HA. Bone structure and volumetric BMD in overweight children: a longitudinal study. J Bone Mineral Res: Off J Am Soc Bone Mineral Res. (2008) 23:1946–53. doi: 10.1359/jbmr.080810

39. Silva, CC, Goldberg, TB, Teixeira, AS, and Dalmas, JC. Bone mineralization in Brazilian adolescents: the years of maximum bone mass incorporation. Archivos Latinoamericanos Nutricion. (2007) 57:118–24.

40. del Rio, L, Carrascosa, A, Pons, F, Gusinye, M, Yeste, D, and Domenech, FM. Bone mineral density of the lumbar spine in white Mediterranean Spanish children and adolescents: changes related to age, sex, and puberty. Pediatr Res. (1994) 35:362–6. doi: 10.1203/00006450-199403000-00018

41. Harrington, J, Holmyard, D, Silverman, E, Sochett, E, and Grynpas, M. Bone histomorphometric changes in children with rheumatic disorders on chronic glucocorticoids. Pediatr Rheumatol Online J. (2016) 14:58. doi: 10.1186/s12969-016-0119-z

42. Proia, P, Amato, A, Drid, P, Korovljev, D, Vasto, S, and Baldassano, S. The impact of diet and physical activity on bone health in children and adolescents. Front Endocrinol. (2021) 12:704647. doi: 10.3389/fendo.2021.704647

43. Marker, AM, Steele, RG, and Noser, AE. Physical activity and health-related quality of life in children and adolescents: A systematic review and meta-analysis. Health Psychol: Off J Division Health Psychol Am psychol Association. (2018) 37:893–903. doi: 10.1037/hea0000653

44. Aguilar Jurado, MA, Gil Madrona, P, Ortega Dato, JF, and Rodriguez Blanco, OF. Improvement of students’ physical condition and health after a physical activity breaks program. Rev Esp Salud Publica. (2018) 92.

45. Mousikou, M, Kyriakou, A, and Skordis, N. Stress and growth in children and adolescents. Horm Res Paediatr. (2023) 96:25–33. doi: 10.1159/000521074

46. Fintini, D, Cianfarani, S, Cofini, M, Andreoletti, A, Ubertini, GM, Cappa, M, et al. The bones of children with obesity. Front Endocrinol (Lausanne). (2020) 11:200. doi: 10.3389/fendo.2020.00200

47. Zürcher, SJ, Jung, R, Monnerat, S, Schindera, C, Eser, P, Meier, C, et al. High impact physical activity and bone health of lower extremities in childhood cancer survivors: A cross-sectional study of SURfit. Int J Cancer. (2020) 147:1845–54. doi: 10.1002/ijc.32963

48. Cannalire, G, Biasucci, G, Bertolini, L, Patianna, V, Petraroli, M, Pilloni, S, et al. Osteoporosis and bone fragility in children: diagnostic and treatment strategies. J Clin Med. (2024) 13:4951. doi: 10.3390/jcm13164951

49. Bohr, AH, Nielsen, S, Muller, K, Karup Pedersen, F, and Andersen, LB. Reduced physical activity in children and adolescents with Juvenile Idiopathic Arthritis despite satisfactory control of inflammation. Pediatr Rheumatol Online J. (2015) 13:57. doi: 10.1186/s12969-015-0053-5

50. Bianco, A, Patti, A, Thomas, E, Palma, R, Maggio, MC, Paoli, A, et al. Evaluation of fitness levels of children with a diagnosis of acute leukemia and lymphoma after completion of chemotherapy and autologous hematopoietic stem cell transplantation. Cancer Med. (2014) 3:385–9. doi: 10.1002/cam4.2014.3.issue-2

51. Clark, EM, Ness, AR, Bishop, NJ, and Tobias, JH. Association between bone mass and fractures in children: a prospective cohort study. J Bone Mineral Res: Off J Am Soc Bone Mineral Res. (2006) 21:1489–95. doi: 10.1359/jbmr.060601

52. Houghton, KM, Tucker, LB, Potts, JE, and McKenzie, DC. Fitness, fatigue, disease activity, and quality of life in pediatric lupus. Arthritis Rheum. (2008) 59:537–45. doi: 10.1002/art.23534




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Magallares, Cerdá, Betancourt, Fraga, Park, Codes-Méndez, Quesada-Masachs, López-Corbeto, Torrent, Marín, Herrera, Gich, Boronat, Casademont, Corominas and Malouf. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo.2025.1587985_cover.jpg
& frontiers | Frontiers in Endocrinology

Risk factors associated with low bone
mineral density and childhood osteoporosis
in a population undergoing skeletal growth:

a crosssectional analytic study





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Risk factors associated with low bone mineral density and childhood osteoporosis in a population undergoing skeletal growth: a cross-sectional analytic study

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study population

          



          		

            2.2 Data collection and study variables

          



          		

            2.3 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Baseline characteristics and prevalence of the risk factors

          



          		

            3.2 Comparison of risk factors between patient groups

          



          		

            3.3 Densitometric results of the population

          



          		

            3.4 Association of clinical risk factors and BMD value

          



        



        



        		

          4 Discussion

        

          		

            4.1 Risk factors in our population

          



          		

            4.2 Diagnosis groups and BMD differences

          



          		

            4.3 Impact of risk factors on BMD

          



        



        



        		

          5 Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo-16-1587985-g002.jpg
Step 1: Risk Factor Identification

* Inadequate calcium intake ¢ Sedentary lifestyle

® Hypovitaminosis D ¢ Steroid treatment
e Chronic diseases (hematologic, e Ethnicity

digestive, nephropathies, JIA)

Patient A:Referred
from outpatient clinic

BMD assessment

withioE weeks
| PatientA:8-year old female with Juvenile Idiopathic Arthritis l

Risk factors: JIA, steroid treatment, scarce physicalactivity |

Step 2: Risk Factor Count Stratification

Low risk: 0-1 risk factors
Moderate risk: 2-3 risk factors
High risk: >4 risk factors

Patient A:3risk factors

Low risk (0-1 factors) Moderate risk (2-3 factors)

High risk (2 4 factors)

Consider DXA if chronic disease

Annual risk factor assessment Recommend DXA scan

- Patient A:Moderaterisk and chronic

Step 3: Targeted Interventions

Physical activity programs

Key modifiable risk factors
e  Sedentary lifestyle
. Hypovitaminosis D

Calcium intake optimization

Vitamin D supplementation

iR ORI TS

Steroid minimization when possible

. Patient A:Physical activity and calcium optimization,
i aimfor steroid dose minimization

v

Step 4: Follow-up BMD assessment based onrisk level (6-24 months)






OEBPS/Images/table6.jpg
° Fractures Gender Age (years) gnos
5 4 wedge (2 mild, 2 Female 13 Lymphoma
moderate)
1 severe biconcave
1 T7 mild wedge Female 15 Polyartheritis Nodosa No No
1 T7 mild wedge Male 11 Juvenile Idiopathic Arthritis Yes Yes
1 T8 moderate wedge Female 11 Acute Lymphoblastic Yes Yes
Leukemia + Hypopituitarism
1 T7 mild biconcave Female 11 Cow’s Milk Protein Allergy No No

LBMca, Low Bone Mass for chronological age.
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Age Group DRA* (mg/day) Mean Intake (mg/day) SD Range: min- max (mg/d) = % Meeting DRA
Pre-school (2-3y) 700 823 263 513-1346 44.4%
School (4-9y) 1000 655 233 254 - 1186 242%
Adolescent (10-17y) 1300 695 329 99 - 1925 10.9%
Young adult (18-20y) 1100 725 156 555 - 985 0%

DRA, daily recommended amount; SD, standard deviation.
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Comorbid Bone Mineral Density

disease
Vertebral Total Total Body Less

Mean Body Head Mean (SD)
(SD) Mean (SD)

Juvenile
idiopathic 0.70 (0.16) 0.86 (0.13) 0.73 (0.12)
arthritis (JTA)
Autoinfl t

omtammatony 676 (0.30) 0.94 (0.24) 0.78 (0.23)
diseases
Vasculitis 0.74 (0.17) 091 (0.14) 0.80 (0.14)
Connective

- . 0.83 (0.23) 0.93 (0.18) 0.82 (0.17)
tissue diseases
M ti

labeorpnion/ 0.66 (0.17) 0.84 (0.14) 0.72 (0.14)
food allergies
Hematologi

Srateiogie 0.69 (0.16) 0.84 (0.16) 0.76 (0.15)
diseases
Endocrinopathy 0.68 (0.13) 0.87 (0.11) 0.71 (0.19)

Results from subgroup analyses are exploratory. Limited sample sizes within diagnostic
groups may affect the precision and generalizability of prevalence estimates.
BMD, bone mineral density; SD, standard deviation.
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Bone Mineral Density

Total Body Total Body Less Head Vertebral Femur (Total) Femoral Neck
Female
Mean (SD) 0.83 (0.16) 0.71 (0.16) 0.69 (0.18) 0.74 (0.16) 0.69 (0.15)
Range 054 - 1.17 0.41 - 1.01 039 - 1.06 044 - 1.17 040 - 10.30
Male
Mean (SD) 079 (0.16) 0.66 (0.18) 0.59 (0.16) 074 (0.17) 0.68 (0.14)
Range 053 - 112 039 -1 0.36 - 0.99 046 - 1.06 038 - 0.94

BMD, bone mineral density.
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Variable Age-adjusted regression Coefficient (95%Cl)

Vertebral Total P Total Body Less P Trabecular Bone
BMD Body BMD Head BMD Score (TBS)

Sex (male) +0.059 0.00 +0.10 051 +0.004 0.81 -34.04 0.08
(0.041, 0.159) (0.041, 0.159) (-0.055, 0.063) (-63.44, -4.64)

Calcium intake +0.037 022 +0.041 0.07 +0.004 0.06 -41.62 0.19

under DRA (-0.022, 0.096) (-0.018, 0.100) (-0.055, 0.063) (-71.02, -12.22)

Comorbid disease -0.043 0.67 +0.026 0.74 -0.038 0.64 -21.16 0.81
(-0.102, 0.016) (-0.033, 0.085) (-0.097, 0.021) (-50.56, 8.24)

>1 comorbid disease +0.046 033 +0.047 0.23 +0.043 03 -6.87 0.87
(-0.013, 0.105) (-0.012, 0.106) (-0.016, 0.102) (-36.27, 22.53)

1S treatment +0.009 0.68 -0.017 031 0.02 026 -18.89 035
(-0.050, 0.068) (-0.076, 0.042) (-0.079, 0.039) (-48.29, 10.51)

Steroid treatment -0.016 053 -0.033 0.09 -0.047 0.02 -25.16 0.29
(-0.075, 0.043) (-0.092, 0.026) (-0.106, 0.012) (-54.56, 4.24)

Previous +0.05 0.06 +0.039 0.05 +0.039 0.07 +3.10 0.90

steroid treatment (0.009, 0.109) (-0.020, 0.098) (-0.020, 0.098) (-26.30, 32.50)

Accumulated -<0.001 074 -0.000 0.73 -<0.001 0.72 -0.003 025

steroid doses (-0.059, 0.059) (-0.059, 0.059) (-0.059, 0.059) (-29.43, 29.42)

Duration of +<0.001 057 +0.000 0.66 +<0.001 0.90 +0.19 0.66

steroid treatment (-0.059, 0.059) (-0.059, 0.059) (-0.059, 0.059) (-29.21, 29.59)

Hypovitaminosis D +0.083 0.03 +0.049 0.09 +0.054 0.08 +13.91 0.67
(0.004, 0.162) (-0.010, 0.108) (-0.005, 0.113) (-15.49, 43.31)

Sedentary lifestyle -0.052 0.09 -0.083 0.00 -0.091 0.00 -34.1 0.22
(-0.111, 0.007) (-0.142,-0.024) (-0.150,-0.032) (-63.50, -4.70)

Fracture history -0.060 0.05 -0.048 0.04 -0.055 0.03 -25.87 034
(-0.119,-0.001) (-0.107, 0.011) (-0.114, 0.004) (-55.27,3.53)

Hypercalciuria -0.005 0.94 +<0.001 1.00 +0.034 0.48 +17.49 0.74
(-0.064, 0.054) (-0.059, 0.059) (-0.025, 0.093) (-11.91, 46.89)

Proteinuria +0.016 056 +0.023 027 +0.032 0.14 23.18 037
(-0.043, 0.075) (-0.036, 0.082) (-0.027, 0.091) (-52.58, 6.22)

Calcium -0.068 0.05 -0.046 0.08 0.038 0.17 -27.17 0.40

supplement intake (-0.127,-0.009) (-0.105, 0.013) (-0.021, 0.097) (-56.57, 2.23)

Vit D +0.009 0.76 -0.007 0.73 -0.001 0.95 +0.73 0.98

supplement intake (-0.050, 0.068) (-0.066, 0.052) (-0.060, 0.058) (-28.67, 30.13)

Caucasian +0.014 0.60 +0.034 0.8 +0.036 0.08 +54.53 0.02
(-0.045, 0.073) (-0.025, 0.093) (-0.023, 0.095) (25.13, 83.93)

Latin American -0.047 0.17 -0.040 0.12 -0.067 0.01 92,51 0.01
(-0.106, 0.012) (-0.099, 0.019) (-0.126,-0.008) (-121.91, -63.11)

BMD, Bone Mineral Density; IS, immunosuppressant.
Emphases (bold text) are used for "p-values” reaching statistical significance.
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Variable n (%)

Sex, female 54 (52.4)
Age (years; range)
Early childhood (2-3) 9(8.7)
Childhood (4-9) 33 (32)
Adolescence (10-17) 55 (53.4)
Young adulthood (18-20) 6 (5.8)
| Ethnicity

Caucasian 82 (79.6)
Other 21 (20.38)

Anthropometric characteristics
Height < 3" and 97" percentile

Weight < 3" and 97™ percentile

7 (6.8) and 5 (4.9)

9 (8.7) and 9 (8.7)

Number of Fractures (n) by patient

None 85 (82.5)
1 fracture; long bone or vertebral 12 (11.7); 8
2 fractures; long bone or vertebral 4(3.9); 4
>3 fractures; long bone or vertebral 2(1.9); 6
Comorbid disease 99 (96.1)
Malabsorption/food allergies 47 (46.6)
Juvenile idiopathic arthritis 18 (17.5)
Nephropathies 18 (17.5)
Hematological diseases 7 (6.8)
SARDs and autoinflammatory diseases 11 (10.67)
Endocrinopathies (pituitary hypoplasia) 1(1)
Osteoporosis inducing medication
Prior use of corticosteroid 40 (28.8)
Current use of corticosteroid 20 (19.4)
Other IS or chemotherapy 23 (22.33)
Other risk factors
Insufficient dietary calcium intake 87 (84.5)
Sedentary lifestyle (PAQ<2) 14 (13.6)
History of long bone or vertebral fractures 13 (12.6)
Hypovitaminosis D in blood (<30nmol/L) 12 (11.7)
Hypercalciuria in 24-hour urine 4(3.9)
N° Risk Factors
1 risk factor 4(3.9)
2 risk factors 40 (38.8)
3 risk factors 32 (31.1)
4 risk factors 15 (14.6)
5 risk factors 12 (11.7)

SARDs, systemic autoimmune rheumatic diseases; IS, immunosuppressants.
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Comorbid disease Low Bone Mass for chronological age

Vertebral Vertebral Adjusted Total Body Total Body Adjusted
Z-score (%) Z-score (%) Z-score (%) Z-score (%)
Juvenile idiopathic arthritis (JIA) 111 56 118 0
u : : :
Vasculitis | 0 0 25 0
Connective tissue diseases 0 0 0 0
Malabsorption/food allergies 9.1 7.1 7 9.8
Hematologic diseases 28.6 333 50 60
Nephropathies 0 0 i 56 0
Total 82 64 105 77

Results from subgroup analyses are exploratory. Limited sample sizes within diagnostic groups may affect the precision and generalizability of prevalence estimates.
LBMeca, low bone mass for chronological age (Z-score < -25D); Adjusted Z-score: height-adjusted Z-score.





