
Update on Bone Health in Pediatric Chronic Disease

Kristen M. Williams, MD
Division of Pediatric Endocrinology and Diabetes, Department of Pediatrics, Icahn School of 
Medicine at Mount Sinai, One Gustave L. Levy Place, New York, NY 10029, USA, 
Kristen.williams@mountsinai.org

Keywords

Pediatric; Chronic disease; Osteoporosis; Bone mineral density; DXA

INTRODUCTION

In recent years, there has been greater focus on both short-term and long term consequences 

of childhood chronic disease on bone health. Pediatric disorders, along with their associated 

comorbidities and treatment modalities, are known to have a multifactorial effect on bone 

development. Bone strength, the product of bone quality and mineralization, is largely 

determined by the maximum bone mass achieved during childhood and adolescence.1 There 

are a multitude of hormones and other intrinsic factors involved in bone modeling and 

remodeling, and adequate growth relies on optimal vitamin D levels, nutritional status, and 

exercise. Inadequate nutrition and physical activity along with chronic inflammation and 

illness can lead to compromised peak bone mass and accelerated bone loss and ultimately 

result in an increased risk for osteoporosis and fracture.2 In the past, low bone mineral 

density (BMD) was a condition primarily seen in adults. With increased prevalence and 

detection of decreased bone mineralization in children and adolescents, it is thought that 

adult bone disease may originate in these earlier years. Furthermore, there is a lack of 

prospective data evaluating the relationship between bone density and fracture incidence in 

children with chronic illness2 that may persist into adulthood, causing significant 

impairment in quality of life.

There are many pediatric diseases that are complicated by impaired bone health. The focus 

of this report is to highlight bone health assessment and management, focusing on 3 

common pediatric disorders frequently evaluated by pediatricians and pediatric 

endocrinologists: Cystic Fibrosis (CF), Celiac Disease (CD), Type 1 diabetes mellitus 

(T1DM).

OVERVIEW OF BONE HEALTH

Skeletal development starts in the developing fetus with condensation of mesenchyme into 

cartilage that is eventually replaced with bone.3 Bone modeling, or the formation that occurs 
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during childhood and adolescence,4 is affected not only by genetics but also by gender, 

hormonal factors, nutritional and vitamin D status, and weight-bearing exercise. 

Remodeling, as defined by osteoclast-mediated resorption of old bone and osteoblast-

mediated formation, occurs in young adulthood and beyond. This is further regulated by the 

interaction of the receptor activator of nuclear factor κB (RANK)–RANK ligand (RANKL)–

osteoprotegerin (OPG) system (pathway involved in maintaining the balance of RANKL and 

osteoclast-mediated bone resorption and OPG and osteoblast-mediated bone formation). 

Modeling and remodeling are also under the influence of other hormones and cytokines, 

such as parathyroid hormone and tumor necrosis factor (TNF)-α.5 Overall, increased bone 

density occurs when formation exceeds resorption. Peak bone mass is achieved by the early 

20s and, if compromised, can increase the risk of osteoporosis and fracture in adulthood.4

CHRONIC DISEASE AND BONE HEALTH

Chronic diseases, their treatments, and resulting comorbidities are all associated with 

diminished bone mineral accrual and possible bone loss.3,4 There are many pediatric 

disorders that are associated with impaired bone health (Table 1).4 Children who are affected 

by these disorders are at risk of low BMD and possible fracture due to malabsorption, 

pancreatic insufficiency, reduced weight-bearing physical activity, delayed puberty, 

hypogonadism, and chronic inflammation. Low vitamin D levels, the result of decreased 

body mass index (BMI), malabsorption, and side effects of medications, can result in 

nutritional rickets and low bone mineralization.1 The functional bone-muscle unit is also 

affected by disease. Muscle mass and strength increase during growth and puberty, leading 

to an increased mechanical load on the bone. This results in a positive change in both 

dimension and strength of bone. The ability of bone to respond to such change is greatest 

during childhood.6 In patients in whom lean muscle mass is negatively affected, either due to 

poor mobility, delay in puberty, or steroid exposure, bone growth is further impacted.2 

Prolonged inflammation exacerbates bone loss. Inflammatory markers, such as TNF-α, 

interleukin (IL)-1, and IL-6, alter bone modeling and remodeling by inhibition of osteoblast 

differentiation, impaired collagen synthesis, and promotion of osteoclastogenesis,5,7 leading 

to an imbalance favoring resorption. Glucocorticoid use is also associated with decreased 

BMD8 and increased fracture risk occurs in those children receiving more than 4 courses or 

more than 90 days of steroid treatment in a year.5 Inflammation that is present in diseases 

that require steroid treatments may be a confounder in determining the risk of bone 

impairment. Nevertheless, studies show that glucocorticoid use itself leads to increased bone 

resorption via augmentation of the effects of RANKL, decreased OPG function, inhibition of 

osteoclast apoptosis, and reduced osteoblast number and function.7 Glucocorticoids can also 

affect muscle breakdown, the growth hormone–insulinlike growth factor (IGF)-1 axis, and 

gonadotropin levels,7 having a cumulative effect of bone resorption.

MEASUREMENT OF BONE DENSITY

Although there are different modalities to assess bone mineralization in children, the 

ultimate goal is to identify patients who may be at risk for fracture. Despite the availability 

and safety of some of these imaging modalities, it has become apparent that interpretation of 

bone mineralization in the growing child or adolescent can be challenging.2 DXA is used to 
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assess bone mineral content (BMC) and areal BMD. It is the most common imaging method 

used due to its availability, cost-effectiveness, speed, and safety.2 In pediatric patients, 

evaluation of the spine and total body minus head are preferred sites to the hip because 

change in geometry can have an impact on DXA interpretation. Low BMD in children is 

defined by a DXA outcome z score of less than − 2.0 SDs after adjusting for age, gender, 

and body size.2 Osteoporosis is defined in children or adolescents as low BMD along with 

clinically significant fracture (ie, long bone, vertebral compression, or 2 or more upper 

extremity long bone fractures).9 Underestimation of BMD and inconsistent results are 

common, particularly in those children with chronic illness.4 Recently expanded reference 

data for pediatric DXA outcomes in evaluation of BMD of children may not be applicable to 

those with chronic illness.10 Children with chronic illness can have low bone area for height 

(narrow bones), short stature, growth delay, and decreased lean muscle mass,5,6,11 which 

may confound BMC and BMD measurements. Many studies do not address or adjust DXA 

results for height, particularly when evaluating the lumbar spine, and as a result may 

overestimate the prevalence of low BMD in certain disorders. When assessing children with 

or without chronic illness, DXA results should be adjusted for age, gender, height, pubertal 

status or bone age, and weight when possible. DXA outcome measures may be more 

accurate in determining true bone deficits after adjusting for lean mass as well, because 

reduced bone mass may represent a compensatory response to reduced muscle mass.6

Fracture risk assessment as related to DXA is generally performed in patients that are 

otherwise healthy.2 The use of DXA to predict fracture is limited in pediatric patients4,9,12 

and fragility fractures have occurred in the presence2 and absence of low BMD.9,11 

Nevertheless, there are studies demonstrating an inverse relationship between DXA BMD 

and fracture history supporting use of DXA screening in certain pediatric disorders.11

Other imaging modalities available for the evaluation of bone include CT and ultrasound. 

Quantitative CT is used to assess volumetric bone density. Although this method is less 

affected by bone size and overlying adipose tissue to estimate bone strength, its use is 

prohibited not only by higher radiation doses but increased costs compared with DXA. 

Quantitative ultrasound is also becoming more available and readily studied4 because it is 

radiation free and noninvasive. Both lack sufficient reference data for children and 

adolescence and, therefore, are used primarily for research.

PEDIATRIC BONE HEALTH: CYSTIC FIBROSIS

CF is an autosomal recessive disorder involving mutations of the CF transmembrane 

conductance regulator (CFTR) gene, leading to accumulated viscous secretions and 

multiorgan damage.13 Because the median age of survival in patients with CF is now closer 

to 40 years,13,14 there has been an increase in prevalence of multiple comorbidities, 

including CF-related bone disease (CFBD). Known risk factors for CFBD include poor 

nutrition, chronic lung infection and inflammation, pancreatic insufficiency, delayed puberty, 

decreased physical activity, and medications, including glucocorticoids and transplant-

related therapies.15,16 The presence of impaired glucose metabolism in CF-related diabetes 

and possible direct effect of the CFTR on osteoclast activation12,13 may also be responsible 

for the bone disease reported in both children and adults.
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Low bone mass is reported in up to 38% of adult patients with CF and is associated with 

severity of systemic and lung disease as well as a history of malnutrition.14–16 To date, there 

are no long-term studies evaluating fracture risk as related to BMD, and reports on overall 

BMD outcomes in children and adolescents with CF are conflicting. BMD z scores in 

adolescents are associated with low BMI and vitamin D levels, worsened disease severity 

scores,14,17 and frequency of antibiotic treatments.10 Much of the variance in BMD 

outcomes may be further explained by the change in forced expiratory volume in one second 

(FEV1) scores.14,16 Sands and colleagues17 also reported on BMD scores as normal in 51% 

of children, moderately low in 32% of children, and low (as defined by a z score < −2.02) in 

17% of children. These results are supported by similar studies with 9% to 27% of children 

having low BMD; however, other reports have demonstrated normal mineralization when 

BMD was corrected for body size.17 BMD as evaluated by DXA has also not improved in 

the last decade, despite reduction in disease severity and advancements in other modifiable 

bone risk factors.15

Vitamin D deficiency, another known risk factor in CFBD, leads to decreased intestinal 

absorption of calcium and secondary hyperparathyroidism,18 worsening the risk for 

increased resorption and bone fragility. Despite conflicting data on the optimal cutoff level 

for vitamin D,10 low vitamin D levels are found in 48% to 95% of patients,14,17 and daily 

treatment may depend on severity of disease and level of pancreatic insufficiency.

Prevalence of vertebral fractures has been reported as high as 30% in adults with CF.12,13,18 

There are few data with respect to the risk of fracture and DXA outcomes in children despite 

the associated comorbidities accompanying these fractures. Incidence of fracture is much 

less in children compared with adults19; however, there is still a significant increase 

compared with healthy controls.16 Vertebral fractures, in particular, may worsen lung 

volumes, have an impact on chest physiotherapy, and can be a contraindication to 

transplantation.16,17

Routine screening DXA (with correction of height and lean mass for height19) is 

recommended in adults greater than 18 years and in children greater than 8 years if ideal 

body weight is less than the 90th percentile, FEV1 is less than 50% predicted, if the patient 

has delayed puberty or has received high-dose glucocorticoid treatment for more than 90 

days per year.16 Follow-up assessment should be based on initial DXA outcomes, including 

repeat evaluation every 5 years if BMD z scores are greater than −1, every 2 years if z scores 

are between −2 and −1, or yearly if z scores are less than −2.0.10 There are no specific 

guidelines to routinely check bone turnover markers; however, 25-hydroxyvitamin D levels 

should be checked yearly, preferably at the end of winter and after any treatment change.20

PEDIATRIC BONE HEALTH: CELIAC DISEASE

CD is an autoimmune-mediated disorder in genetically predisposed individuals who are 

exposed to gluten,21 leading to malabsorption. Complications of unrecognized or untreated 

CD include anemia, poor growth and delayed puberty.22–24 Bone disease, including pain, 

osteoporosis, and fractures, is also seen in patients with untreated CD.21,25 Low BMD is the 

result of malabsorption, hypogonadism, and inflammation.23,24 An abnormal RANKL/OPG 
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ratio, favoring bone resorption, has also been described in adult patients with CD.23–25 Low 

BMD has been described at diagnosis21,25 and may persist in up to two-thirds of patients 

into adulthood.26 In 1 study, 22% of children with CD had BMD z scores between −2 and 

−1 and up to 13% had BMD z scores less than −2.23 Jatla and colleagues27 reported low 

BMC for both spine and whole body in children evaluated within 1 month of CD diagnosis 

compared with healthy controls. A significant difference between both groups persisted only 

in whole-body assessment after adjusting for height. Mora and colleagues22 found 

significantly lower BMC in whole body but also lower BMD in CD children at both spine 

and whole body after adjusting for body size.

Lower BMD has been associated with higher tissue transglutaminase antibody levels.26 

There is concern that persistent bone disease may reflect chronic subclinical disease in 

childhood and subsequent failure to achieve peak bone mass.26 It is unclear if disease 

severity, as defined by biopsy grade or reported symptoms, may be related to BMD 

outcomes.23 Maintaining a gluten-free diet is the mainstay of treatment of CD and although 

Hartman and colleagues21 found no significant difference in DXA outcome data comparing 

children who were and were not compliant with the diet, quantitative ultrasound results at 

the tibia demonstrated worsening z scores in the latter group. Fracture risk in patients with 

CD is variable. Some studies report no increased fracture rates.24 Jatla and colleagues27 

reported hazard ratios in adult patients ranging from 1.3 (overall fracture) to 1.9 for the hip. 

Fracture, particularly of the hip, is extremely rare in children.

Currently, there are no consistent guidelines regarding when or with what frequency to 

assess BMD via DXA with newly diagnosed CD or in those with subclinical 

disease.24,26,28,29 Frouda and colleagues24 as well as the International Society for Clinical 

Densitometry (ISCD)11 recommend not evaluating BMD if children are compliant with the 

diet because data support full recovery. Guidelines from the United Kingdom, however, 

recommend testing in all patients at time of diagnosis29 whereas others restrict assessment to 

those who are not adherent to the diet or have lower BMI, history of irregular menses, 

anemia, or other risk factors for fracture.30

When DXA is used, the ISCD recommends evaluating both spine and whole body to assess 

BMC. Jatla and colleagues27 have recommended assessing BMC instead of BMD because 

altered growth and body composition may have an impact on results. Furthermore, whole-

body DXA assessment is recommended to avoid missing affected children during screening.

PEDIATRIC BONE HEALTH: TYPE 1 DIABETES MELLITUS

T1DM is an autoimmune condition of absolute insulin deficiency with increasing prevalence 

worldwide. There are multiple known complications associated with T1DM, with a recent 

focus on evaluation and management of bone disease. Patients with T1DM have reduced 

bone mineralization, smaller bone size, and increased fracture rates.31 Hyperglycemia; 

impaired function of growth factors, including insulin, growth hormone, and IGF-1; younger 

age at onset; decreased lean muscle mass; and poor glycemic control are known risk factors 

for bone disease in diabetes.31 Compared with the disorders discussed previously, decreased 

bone formation contributes to impaired bone health more than increased bone resorption.32 
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Decreased levels of osteocalcin, a product of osteoblasts and marker of bone formation, are 

found in patients with diabetes. With improvement in hemoglobin A1c, these levels may 

normalize.33 Insulin binds to its receptor on osteoblasts, inhibiting the production of OPG 

and promoting resorption.11 In the absence of insulin, there are increased levels of OPG and 

decreased RANKL.32–35 Underlying microvasculopathy, decreased vitamin D levels, 

inflammation, and increased levels of advanced glycation end products further contribute to 

impaired bone health.28,32

Adults with T1DM have normal to decreased BMD,4,28,36 with up to 20% of patients over 

the age of 20 reported as having osteoporosis.28 Decreased BMD has been reported at the 

hip and lower BMD in the spine compared with controls.33 It is unclear how early these 

changes may be occurring because there are conflicting data in adolescents with respect to 

BMD4,33,36 and there are no long-term studies assessing change in BMD over time.33 In 

adolescents, BMD outcome scores have been associated with IGF-1 levels and degree of 

glycemic control.28 It is known that adults have significantly increased fracture risk35,37 that 

is associated with disease duration.38 Khan and Fraser33 found a relative risk of hip fracture 

of 6.94, with other reports ranging from 3.7 to 12 times the risk compared with healthy 

controls.28,32,39 Diabetes-related comorbidities, including retinopathy and nephropathy, are 

also associated with a 10-times increased risk of fracture in patients with T1DM.33 Although 

there have been no reports of increased fracture in children with T1DM,11 prolonged poor 

metabolic control and potential for metabolic bone disease in those patients with coexisting 

CD warrants continued monitoring and preventative measures to reduce fracture risk in the 

future.

At this time, the ISCD does not recommend routine DXA or other imaging as a screening 

measure in pediatric patients with T1DM.11 In those patients with specific risk factors, 

including but not limited to low BMI, increased daily insulin dose, poor renal function, and 

fracture history, evaluation with DXA may be considered. Nevertheless in patients with 

T1DM, fractures may be seen even if the setting of normal BMD.31

TREATMENT OF PEDIATRIC BONE DISEASE

The primary goals of managing pediatric bone disease associated with chronic disease focus 

on preventative strategies to support sufficient bone mineral accrual and limit factors that 

promote increased resorption. Treating the underlying disorder can help normalize bone 

mineralization early on in diagnosis. In CD, adhering to a gluten-free diet has been 

associated with complete recovery of decreased BMD within the first 12 months of 

treatment.21,23,25–27 Although there are few long-term studies to evaluate BMD in those on a 

gluten-free diet,22 normalization of BMD as many as 8 years postdiagnosis has been 

described.25 The question remains as to why 30% of adult patients with CD have 

osteoporosis40 or fail to recover lower BMD after diagnosis and change in diet.24 

Optimizing insulin doses in patients with T1DM to improve glycemic control and limit 

microvascular and inflammatory disease is also expected to at least partially reverse any 

bone deficits. All patients should be encouraged to participate in regular weight-bearing 

exercise because there is a known positive correlation between BMD and lean muscle 

mass.19 Nutrition should be optimized, including vitamin K intake in patients with CF. 
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Supplementation with vitamin D to replete to a goal of 30 ng/mL is recommended for all 

patients at risk for bone impairment. Those patients with malabsorption may need 2 to 3 

times the recommended dosing for age. In CF, vitamin D3 is preferred exclusively over 

vitamin D2,16,18,20 and guidelines for a replacement dosing schedule exist for age and 

degree of vitamin D deficiency.17,20 Finally, use of bisphosphonate therapy has been studied 

in adult patients with T1DM, CF, or CD. There is some evidence for potential benefit in 

patients with CF and antiresorptive agents may be recommended if there is prolonged 

glucocorticoid use, fracture history, or low BMD after transplant.10 In CD, antiresorptive 

therapy has been reserved for postmenopausal adults. Finally, there is concern that these 

agents may have limited benefit in patients with T1DM, because there may already be a 

significant lack of bone resorption. Overall, prevention, early recognition, and treatment are 

required to help minimize adverse outcomes of poor bone health in chronic illness.

SUMMARY

Children with chronic disease are at risk early on for poor bone health, particularly in the 

conditions discussed previously. Alterations in bone remodeling as influenced by specific 

complications of each disorder result in decreased bone quality and strength and possible 

increased fracture risk. Future research in this area is needed to further identify modifiable 

risk factors and treatment options to allow for optimization of bone mineral accrual and 

decrease lifelong incidence of fracture.
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KEY POINTS

• Chronic illness is associated with impaired bone health due to decreased bone 

mineral accrual and increased resorption.

• Common pediatrics disorders, including celiac disease (CD), type 1 diabetes 

mellitus (T1DM), and cystic fibrosis (CF), have associated low bone mineral 

density (BMD) and significant fracture risk in adolescence and adulthood.

• The risk of low bone accrual can be attributed to malabsorption.

• Dual-energy x-ray absorptiometry (DXA) when adjusted for body size, is the 

preferred imaging modality in pediatrics to assess risk of bone fragility; 

however, fractures have been observed in absence of low mineralization.

• Treatment strategies for poor bone health include optimizing nutrition and 

vitamin intake, increased weight-bearing exercise, and treating the underlying 

disorder to prevent further bone impairment.
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Table 1

Pediatric disorders associated with bone disease

Endocrine Growth hormone deficiency
Hypogonadism
Type 1 Diabetes Mellitus

Gastrointestinal/nutritional Anorexia
Celiac Disease
Inflammatory bowel disease
Liver disease

Hematology/oncology Neoplasm
Sickle cell disease
Thalassemia
Transplant – solid organ and bone marrow

Pulmonary Asthma
Cystic Fibrosis

Other Chronic kidney disease
Neuromuscular disorders
Primary bone disease
Seizure disorders
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