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Rationale/Background
With increased survival of children with CF to adulthood, osteopenia/osteoporosis has become recognized as a complication, with the fracture rate increasing with age.  Overall, the fracture rates are reported to be 2 times greater in young men and women with CF as compared to the general population, with an even higher risk for rib and vertebral compression fractures ( 10-to 100-fold risk).  Analysis of markers of bone turnvover indicates that the low bone mass results from both decreased bone formation and increased bone resorption and that the bone mineral deficits occur early during childhood and adolescence.  Contributing factors common in CF are: poor nutrition, calcium(Ca) and vitamin D insufficiency, growth failure, delayed puberty or hypogonadism, disease severity ( inflammation producing cytokines), chronic oral steroid use, and limited physical activity.  Osteoporosis prevention or treatment approaches should be based on an understanding of contributing factors. Additional background osteoporosis "risk factors" for osteoporosis also need to be assessed for in CF patients ( family history of osteoporosis, smoking, alcohol, anticonvulsant use, fair-skinned, female gender, etc.) 

The development of symptomatic osteoporosis with fractures is expected to impact significantly on the quality of life in CFpatients as they live continue to live longer . Since the bone mineral deficits develop early, efforts to maximize peak bone mass need to be instituted early during childhood and especially during adolescence.   

Measurement of bone mass or bone mineral density (BMD) in children and adolescents

The preferred method of measuring bone mass or bone mineral density (BMD) is dual energy X-ray absorptiometry (DXA) due to the low radiation dose.  DXA scans calculate a two-dimensional projected BMD or aereal BMD)g/cm2) as opposed to a three-dimensional true volumetric BMD(g/cm3).  It therefore underestimates BMD of small bones and overestimates the BMD of large bones.  In addition to correcting for body size (by use of formulas which correct DXA measurement for bone size), stage of puberty also needs to be factored in when interpreting bone density results, since the rate of bone mass accrual increases dramatically during the pubertal years.   

DXA results are interpreted by relative scores expressed as standard deviation(SD) form either age-matched mean values (Z- scores) or from values from young adults (T-scores).  In children and adolescents, T-scores should not be used and Z-scores should exclusively be used.  In CF patients with delayed growth and puberty, interpretation of DXA result based on bone age instead of chronological age is preferred.  

Evaluation of Osteoporosis/Osteopenia in CF

1. 
Annual Risk Factor Assessment should be performed on all patients with CF (both pre and post-pubertal).  This should be carried out on an annual basis since risk factors may change over time.  Vitamin D status will require measurement of total calcium, PO4, alkaline phosphatase, and 25-OH Vitamin D levels, especially if Vitamin D malabsorption suspected. The nutritionist and care provider should carry out this annual risk factor assessment collaboratively.  Suggest development of a "Risk factor" checklist to become part of patient's medical record.  

2. 
Measurement of BMD (DXA)  

i.
When to get baseline DXA; When to get repeat DXA's 

Unless a prepubertal patient has symptoms of osteoporosis, a baseline DXA is not necessary until the start of puberty.  If baseline BMD is normal and clinical course is stable, repeat DXA scans in two years in post menarche in girls (when near peak bone mass is reached at typical osteoporotic sites (i.e. spine, hip); in boys repeat DXA once they have reached final adult height and have begun to shave.  If baseline DXA shows Z-score indicating osteopenia or osteoporosis, but patient has no osteoporotic symptoms, implement interventions aimed at minimizing risk factors and repeat DXA scan yearly to make sure adequate increments in BMD are occurring.  













ii. Ordering DXA

Measurement of BMD at multiple skeletal sites is preferred (spine (L2-L4), proximal femur, total body, and if available, forearm.  The DXA scanner being used should have pediatric software to allow for calculation of Z-scores. 

iii. Interpreting DXA

Assessment of pubertal stage by Tanner Staging and obtaining a bone age in CF patients with growth and pubertal delay is required to help make a meaningful interpretation of DXA measurements.  CF patients with extreme pubertal delay (no breast buds by 12-13 years in girls or no early testicular enlargement (2.5 cm in diameter or 4 cc in volume) by age 14 in boys) should be referred to pediatric endocrinologist for growth evaluation.  

Assessment / Osteoporosis Prevention/ Treatment

Assessment of bone health in high-risk children should include determination of risk factors described above (see below).  Osteoporosis prevention interventions or treatment should be aimed at minimizing identified "treatable" risk factors.  For CF patients, this might include aggressive treatment of lung disease, assurance of adequate nutritional support, adequate Ca and vitamin D (20 – 60 ng/ml) levels, encouragement of weight-bearing (resistance, high-impact activities such as rope-jumping), and minimizing steroid use/dose.  Those patients with hypogonadism, delayed puberty, and/or growth failure will be referred to Endocrinology for evaluation and direction of estrogen, depotestosterone and growth hormone therapy. 

Further, the Endocrinology service will consider treatment with the newer potent anti-resorptive drugs (bisphosphonates).  These have not been adequately studied in children and adolescents, and currently their use is limited to those patients with symptomatic osteoporosis (bone pain, recurrent low-impact fractures). Potential treatments being studied in adults include combination or sequential regimens with a bone-forming agent (i.e. parathyroid hormone (PTH)) followed by anti-resorptive therapy.  There are theoretical concerns about oncogenic effects of a bone-forming agent such as PTH in growing children and concerns about the bisphosphonates interfering with growth. The limited studies of bisphosphonate use in children to date have not demonstrated adverse effects on linear growth.  At this time treatment with new and effective osteoporosis regimens should be limited to CF patients with symptomatic osteoporosis.  PTH treatment, which is expected to become available soon, should only be used in older adolescents beyond their growth spurt, since safety in growing children needs to be established.   
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Osteoporosis Risk Factor Screen
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	Severe Pulmonary Dz
	
	
	
	
	
	

	Chronic resp infx (>4)
	
	
	
	
	
	

	Fat malabsorption
	
	
	
	
	
	

	Small body frame
	
	
	
	
	
	

	Inadequate Ca intake
	
	
	
	
	
	

	Inactivity/( exercise
	
	
	
	
	
	

	Oral steroid use (>3)
	
	
	
	
	
	

	Long winter
	
	
	
	
	
	

	End stage liver dz
	
	
	
	
	
	

	Increasing age (>35)
	
	
	
	
	
	

	Hypogonadism
	
	
	
	
	
	

	Menopause
	
	
	
	
	
	

	Caffeine intake
	
	
	
	
	
	

	Alcohol
	
	
	
	
	
	

	Smoking
	
	
	
	
	
	


Baseline DXA at start of puberty
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Repeat DXA every 2 years after menarche
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Repeat DXA after reaching final height or shaving





Repeat DXA every year








