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Guidelines to Assure Vitamin D Sufficiency in Children and Adolescents in Neurodevelopmental Clinic at Increased Risk for Health Consequences of Vitamin D Deficiency: A Quality Improvement Project

Problem: The latitude and climate of the Pacific Northwest create a context of endemic vitamin D insufficiency. The Neurodevelopmental Program at Seattle Childrens Hospital serves many children and adolescents who are at increased risk for osteomalacia, osteoporosis, rickets and other health consequences of vitamin D deficiency. Risk factors include nonambulatory status, need for anticonvulsants, inadequate intake of dietary vitamin D, and lack of exposure to sunlight in excess of the typical population. 

Background and Rationale: Children and adolescents with cerebral palsy (CP) have many risk factors for osteopenia and fractures including inadequate intake of calcium and vitamin D, immobility, lack of sun exposure and use of medications that interfere with vitamin D metabolism. Dietary supplementation with vitamin D is recommended for prevention and treatment of osteopenia. Recent studies in typical children have led to a more conservative definition of vitamin D deficiency. Vitamin D supplementation and encouragement of adaptive physical activity (swimming, wheelchair sports, yoga, horseback riding etc) are simple measures to minimize the risks. In Neurodevelopmental (NDV) Clinic at Seattle Children’s Hospital, it is the practice to be sure that supplementation is adequate. Children with CP who cannot walk are followed by a nutritionist for this and other dietary issues. The effectiveness of this clinical effort needs to be evaluated in light of the new definitions of adequate 25-hydroxy vitamin D blood levels (>30 nanograms per ml) and for supplementation with vitamin D (minimum 400 to 800 IU per day). See summary of recent literature in Attachments A and B.

Quality Improvement Intervention: As a standard of practice, every child attending Neurodevelopmental Clinic should receive an intervention specifically intended to assure vitamin D sufficiency.

1. For children (all diagnoses) not at increased risk above the typical population in the Pacific Northwest: Provide a concise information sheet to parents regarding recommended vitamin D and calcium supplementation and exercise as part of nutritional care.  

2. For children with cerebral palsy at increased risk above the typical population in the Pacific Northwest. 

a. Increased risk is defined as having Gross Motor Functional Classification System – Level III to V cerebral palsy of any type, OR any cerebral palsy plus any of the following: nonCaucasian skin pigmentation, anticonvulsant medications, major feeding problems or malabsorption . 

b. For those children at increased risk who have never had a fracture or other overt clinical health consequence attributable to vitamin D deficiency (not counting osteopenia on xray): 

i. Nutrition consultation as part of clinical care on a yearly basis to evaluate intake of vitamin D and calcium as part of a broader nutrition monitoring program.

ii. Encourage a practical means of exercise for every child. For many nonambulatory children, regular swimming opportunities in a warm pool is the most practical approach. Weight bearing activities are most efficient if tolerated.

iii. Check a 25-hydroxy vitamin D level at next clinic visit:

1. If normal (>30 nanograms/ml): Repeat in one year.

2. If insufficient (between 15 and 30 nanograms/ml): 

a. Start increased calcium and vitamin D supplementation individualized by nutritionist 

b. Send to primary care provider for repeat levels in 3 months and as needed by subsequent efforts to increase level.

3. If deficient (<15 nanograms/ml): 

a. draw calcium, magnesium, alkaline phosphatase and parathyroid hormone levels.

b. begin therapeutic treatment with vitamin D and adequate calcium supplementation.

c. consider wrist or distal femur/prox tibial films for subclinical rickets. Definite if alkaline phosphatase is significantly elevated AND parathyroid hormone level is elevated.

d. followup in Neurodevelopmental Clinic or by the primary care provider in 1 and 3 months with repeat levels. Subsequent followup as needed by efforts to increase level.

e. Nutrition follow-up on the same schedule in person or by telephone.

4. If  rickets is present (25-OH Vit D <5 nanograms/ml OR hypocalcemia OR if rickets is present on xray).

a. Remember that there are other causes of rickets and consider the differential diagnosis.

b. Does clinical status suggest risk of seizures? Consider hospitalization to start calcium and high-dose vitamin D therapy (and consider endocrine consultation). 

c. if not, begin therapeutic treatment with vitamin D and calcium supplementation with an enteral home regimen. Consider endocrinology consultation.

d. Followup in Neurodevelopmental Clinic or by the primary care provider in 1 month with repeat levels. Subsequent follow-up as needed by efforts to increase level.

c. For children with a personal history of a low-impact fracture, proven osteoporosis by DEXA scan or clinical rickets:

i. Nutrition consultation every six months.

ii. Check 25-hydroxy vitamin D level, alkaline phosphatase and parathyroid hormone level at next clinic visit:

1. Same recommendations as in b.iii above.

2. If the alkaline phosphatase is elevated, AND parathyroid hormone is elevated, metabolic bone disease is present and the patient is insufficient regardless of vitamin D level.

iii. Children with a personal history of a low-impact fracture should be considered for referral to Metabolic Bone Disease Clinic for clinical assessment and possible treatment with bisphosphonates. DEXA scans are used to quantitatively track changes in bone mineral density during bisphosphonate treatment. Metabolic Bone Disease Clinic is using the appropriate standards for measurement of bone density at the distal as opposed to proximal femur developed for persons with cerebral palsy.

Treatment guidelines:

1. Vitamin D insufficiency (15-30 nanograms/ml): 
a. Vitamin D2: 800 International Units per day for at least 3-4 months.

b. Total daily calcium intake (diet plus supplementation if needed) (using Dietary Reference Intakes, Institute of Medicine): 

i. Infants 0-6 months: 200mg/day

ii. Infants 7-12 months: 250-300mg/day

iii. Children 1-3 years: 500mg/day

iv. Children 4-8 years: 800mg/day

v. Children & youth 9-21 years: 1300mg/day

vi. See handout on calcium sources
2. Vitamin D deficiency (5 to 15 nanograms/ml):

a. Vitamin D2: 

i. Infants < 1 month: 1000 International Units per day for 2 -3 months

ii. Infants 1-12 months: 2000 International Units per day for 2-3 months

iii. Children and youth over 12 months: 5000 International Units per day for 2-3 months.

b. Total daily calcium intake (diet plus supplementation if needed) (using Dietary Reference Intakes, Institute of Medicine): 

i. Infants 0-6 months: 200mg/day

ii. Infants 7-12 months: 250-300mg/day

iii. Children 1-3 years: 500mg/day

iv. Children 4-8 years: 800mg/day

v. Children & youth 9-21 years: 1300mg/day

vi. See handout on calcium sources
3. Clinical rickets or severe vitamin D deficiency (≤5 nanograms/ml):

a. If clinically stable, treat as for vitamin D deficiency as above.

b. If hypocalcemic or reason for rapid treatment, consider admission and consultation with endocrinology for more aggressive parenteral therapy.

4. Toxicity may occur with levels in excess of 150 nanograms/ml. 

Administrative issues: 
1. Billing

a. Vitamin D deficiency, rickets, and osteoporosis are all billable medical problems.

b. ICD-9 Codes

i. Unspecified vitamin D deficiency – 268.9

ii. Rickets, Active – 268.0

iii. Osteomalacia, unspecified 268.2

iv. Osteoporosis, unspecified – 733.00

v. Osteoporosis, idiopathic – 733.02

vi. Osteoporosis, disuse – 733.03

vii. Osteoporosis, other – 733.9

viii. Osteopenia – NO ICD9, so do not use

c. Be sure that one of these diagnoses is entered in association with the visit, the lab test and the fee sheet to assure coverage.

2. The abbreviation for International Units, IU, is on the short list of banned abbreviations for the medical record. Don’t use it.  
Key targets:

1. 95% of children and families attending clinic will receive the informational materials on vitamin D.

2. Compared to the previous year, there will be at least a 50% improvement in the number of children at increased risk for vitamin D insufficiency who will receive the intended intervention at a clinic visit..

3. Compared to the previous year, there will be at least a 90% improvement in the number of children with a personal history of a fracture or rickets due to vitamin D deficiency who receive the intended intervention at a clinic visit.

4. Children receiving the interventions in 2 or 3 above will have a 50% reduction in 25-hydroxy vitamin D levels below 30 nanograms per ml. 

Evaluation: 

1.    Informational materials: Materials will be prepared by Kim Cooperman, RD. Short term evaluation of the impact of these materials will be carried out by contacting a random stratified sample of 25 families approximately 3 to 6 months after receiving the handouts to determine if 1) they remembered receiving the materials and 2) asking if they recall the most important role of vitamin D (bone health), 3) asking about exercise, and 4) what actions they have taken to assure an adequate vitamin D intake for their child (checklist: already adequate, review of intake of vitamin D, supplementation with vitamin D). Can be done by phone, mail or email if email addresses are collected when informational materials are given out in clinic. Should try to include the Spanish-speaking population, at a minimum.

2. Vitamin D monitoring program:

a. We will carry out a cross sectional chart review study of 100 children with cerebral palsy ages 2 – 21 years who attend NDV Clinic at Seattle Children’s Hospital. Fifty children will have been seen since awareness of the new definition of vitamin D insufficiency was raised among Neurodevelopmental Program staff and 50 will have attended the clinic in the year prior to raising awareness.  They will also be classified across level of severity as determined by the Gross Motor Functional Classification System (GMFCS) which is a valid and reliable measure of severity of motor function.  Children in GMFCS III to V are nonambulatory by definition. The charts will be reviewed for demographic variables, skin pigmentation, nutritional status, type and etiology of cerebral palsy, associated disorders (eg seizures, gastroesophageal reflux disease GERD), laboratory data regarding vitamin D metabolism, documentation of nutrition consultation, oral vs gtube feeding, fracture history, physical activity history, medications, and radiographic evidence of osteomalacia, osteopenia and osteoporosis. The charts will also be reviewed for documented investigation of  vitamin D levels in patients meeting criteria described above. Data will be analyzed to identify areas for improvement in achieving intended practice and outcomes.

b. Our hypotheses for this review are:

i. 95% of children and families attending clinic will receive informational materials regarding vitamin D, regardless of risk status.

ii. Compared to the previous period of practice, there will be at least a 50% increase in testing for vitamin D levels in children attending Neurodevelopmental Clinic.

iii. Compared to the previous period of practice, adherence to the recommended guidelines will increase by at least 50%.

iv. Compared to the previous period of practice, there will be at least a 90% increase in the number of children with a personal history of low-impact fractures or rickets due to vitamin D deficiency who receive the intended intervention at a clinic visit. 
v. Compared to the previous period of practice, children receiving vitamin D and calcium under these guidelines for at least 3 months will have a 50% reduction in frequency of vitamin D insufficiency (25 hydroxy vitamin D level less than 30 nanograms/ml). 

c. Efforts to increase exercise opportunities will not be monitored at this time since these are largely out of our immediate control and will be difficult to quantify in any meaningful manner.

Attachment A: Literature Review

1. Rovner and O’Brien: lit review documents widespread evidence of hypovitaminosis D although not overt deficiency.

a. Used cutoff of 12 nanograms/ml. Not the same thing as rickets or fractures

b. A lot of variability in definitions of low levels.

c. Breast fed infants in winter most affected

2. Gordon et al: Study in an urban primary care clinic

a. Use cut off of 20 nanograms/ml as “deficiency” in 12% of whom a third had demineralization on xray.

b. Used cut off of 30ng/ml as “suboptimal” in 40%. 

c. They showed an inverse correlation between vitamin D and parathyroid hormone suggesting that a levels between 20 and 30 are truly suboptimal since PTH goes up in response to low vitamin D in order to maintain serum calcium. Adult literature is trending toward using 32ng/ml as cut off

3. Taylor commentary on Gordon et al: some useful caveats and cautions regarding the typical population. Children followed in Neurodevelopmental are not typical.

4. Wagner et al: Update of an official consensus statement from the AAP

a. Everyone should be on 400 International Units vitamin D. Benefits beyond bone metabolism in adults and children.

b. Still using 20 nanograms/ml as cutoff for blood levels.

c. Children at risk for vitamin D deficiency should be monitored and treated with more vitamin D.

5. Bowden et al: Retrospective study in a bone metabolism clinic at a tertiary center, including some kids with cerebral palsy.

a. 80%  ≤30, 21% ≤20 ng/ml and 3.5% ≤10.

b. Positive correlation between vitamin D levels & markers of bone turnover. 

6. Misra et al: Official consensus statement from the Pediatric Endocrine Society

a. Reacts to policies restricting sun exposure (suggests there is something of a war on between dermatologists and endocrinologists)

b. Defines insufficiency at 15-20 nanograms/ml, deficiency as ≤15 nanograms/ml, and ≤5nanograms/ml as severe deficiency. 

c. Leans towards using 32 nanograms/ml cutoff & calls for studies.

d. Recommends but questions adequacy of 400 International Units and reiterates broader benefits.

e. Specifically advocates 800 International Units for premature infants, dark-skinned infants and children, children living above 40 degree latitude.

f. Recommends using alkaline phosphatase levels as a screen for rickets.

g. Emphasizes the importance of getting 25-OH vitamin D levels that are reported out in separate D2 and D3 levels.

h. The treatment recommendations for insufficiency and deficiency are stated differently in Misra’s Table 7 and in their recommendations at the end of the article. Table 7 is more conservative.
7. Nettekoven et al: 38 children on anticonvulsants, without other factors such as “grave physical disability” and unsupplemented with calcium and vitamin D. 75% had vitamin D level below 20 nanograms/ml.

8. Drezner MK. Lucid review of vitamin D status and relationship to metabolic bone disease, especially in the context of anticonvulsant therapy. 

a. Points out that there are many factors besides vitamin D absorption per se that influence extent of bone disease for a given level of vitamin D. 

b. Reviews the role of anticonvulsants in impairing vitamin D metabolism.

c. Most data are from adults so not clear how to extrapolate to children.

d. He argues for adult supplementation of 2000 International units per day based on a strong argument from general principles and existing relevant knowledge, but presents no data. ( So would not necessarily follow that 2000 International units/day given to small children indefinitely is safe).
9. Kilpinen-Loisa et al. Small (n=44) controlled study demonstrating that 1000 Intl Units per day will correct low vitamin D levels in children with cerebral palsy.
10. Ali et al. Small (n=30) study of bone mineral density and pituitary axis function in children with CP. All subjects had adequate vitamin D, Ca and alk phos. Most children had low BMD with some correlation with IGF/GH studies. Suggests that low BMD has multiple causes in CP, not just vitamin D. 
11. Cohen M et al. Evidence-based review.  Bone mass is reduced. DEXA is best method to measure. No clear association of  fracture with DEXA measure. Reserve bisphosphonates for children with hx of low-impact fractures.
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