Dr Hinaa Toheed, June 2011-revised August 2011

Vitamin D Deficiency and Management.
The following is a guide and the treatments are recommended treatments for adults only and does not apply to pregnant/lactating women.  This is my interpretation of the evidence and literature regarding vitamin D products available to me at the time I compiled this document.  It is by no means an exhaustive guide for the management of vitamin D deficiency which is an area of ongoing research.  I have signposted and referred to other sources for further information at the end of this document.
Introduction

A nationwide survey UK showed more than 50% of adult population have insufficient vitamin D and 16% have severe deficiency during winter and spring.  
Several observational studies have shown that vitamin D insufficiency, although not enough to cause symptomatic bone and muscle disease is associated with an increased risk of mortality for several common diseases including cardiovascular disease, type 2 diabetes, bowel cancer, breast cancer, multiple sclerosis, and type 1 diabetes.  An expert consensus is developing that optimal vitamin D status, reflected by optimal calcium handling and best health, is when serum concentrations of 25-OHD are 75 nmol/l (30 μg/l) or more.
The RDA in UK is 400IU(units) daily however this is only sufficient to prevent osteomalacia and rickets and such intake alone in the absence of skin synthesis will not provide optimal status.

Risk factors.
· Pigmented skin (non-white ethnicity)

· Lack of sunlight exposure or atmospheric pollution

· Skin concealing garments or strict sunscreen use, Greater than SPF 15 blocks 99% dermal vitamin D.
· Exclusively breast fed babies.
· Multiple, short interval pregnancies-reduced stores.
· Elderly, obese, or institutionalized patients.
· Vegetarian (or other non-fish eating) diet.
· Malabsorption, short bowel, cholestatic liver disease (poor intake) or renal disease/coeliac, crohns, gastrectomy.

· Liver disease-(reduced stores).
· Increased breakdown due to use of anticonvulsants, rifampicin, cholestyramine (poor intake), highly active antiretroviral treatment (HAART), or glucocorticoids.
Sources of vitamin D

· Ultraviolet B sunlight exposure : More than 90% of mankind’s vitamin D supply is derived from ultraviolet B light.  In a fair skinned person, 20-30 minutes of sunlight UVB exposure on the face and forearms at midday (10am-3pm, no sunscreen-not behind glass) is estimated to generate the equivalent of around 2000 IU of vitamin D.  2 or 3 such sunlight exposures a week are sufficient to achieve healthy vitamin D levels in summer in the UK. From October to April sun exposure is not adequate for synthesis of vitamin D. For 6 months 90% of the UK is too far north to receive adequate UVB for vitamin D production.

For individuals with pigmented skin and to a lesser extent, the elderly, exposure time or frequency need to be increased twofold to 10-fold to get the same level of vitamin D synthesis as fair skinned young individuals.  
· Oily fish including trout, salmon, mackerel, herring, sardines, anchovies, pilchards, and fresh tuna .  Amount will depend on preparation, with smoked herring containing approximately 4 μg (160 IU) per 100 g and raw herring 40 μg (1600 IU) per 100 g 

· Cod liver oil and other fish oils

· Egg yolk 0.5 μg (20 IU) per yolk)

· Mushrooms-small quantities

· Supplemented breakfast cereals, mainly supermarket “own brands” in the UK--Typically between 2 μg and 8 μg (80-320 IU) per 100 g

· Margarine and infant formula milk- Statutory supplementation in the UK

When should vitamin D levels be measured?

Routine testing of vitamin D levels is not recommended given the large proportion of the population who may have insufficient levels. Vitamin D deficiency should be considered and checked for only if:

A patient has one or more of the following clinical features: 

· Insidious onset of widespread or localised bone pain, and tenderness especially  lower back and hip pain, but may include rib, thigh or foot pain. Can often be labeled as fibromyalgia-or somatisation of depression.
· Proximal muscle weakness i.e. in quadriceps and glutei. This may cause difficulty rising from a chair and/ or a waddling gait.

· Swelling, tenderness and redness at pseudo‐fracture sites
· Fractures, typically femoral neck, scapula, pubic rami, ribs or vertebrae
· Non‐specific myalgia especially with a raised creatine kinase (CK)
· Myalgia on prescription of a statin
· Low bone density on dual energy absorpitometry scanning/osteopenia on xray warrants assessment of vitamin D status.
AND
 The patient has one or more of the following risk factors: 

• Black and ethnic minority patients with darker skin

• Elderly patients in residential care or housebound

• Intestinal malabsorption, for example coeliac disease, crohn’s disease, gastrectomy

• Routine covering of face or body, for example wearing a veil or habitual sunscreen use

• Vegan or vegetarian diet

• Liver or renal disease

• Medications including anticonvulsants, cholestyramine, rifampicin, glucocorticoids, antiretrovirals

AND

Other causes for symptoms have been excluded, for example myeloma, rheumatoid arthritis, polymyalgia rheumatica and hypothyroidism.

It is worthwhile encouraging all patients with risk factors – even those not exhibiting symptoms – to make lifestyle changes in order to achieve adequate amounts of vitamin D but it is not necessary to measure their levels.

Investigations
Recommended baseline blood tests.
Vitamin D (25-OHD-serum 25 hydroxyvitamin d)
PTH (can have secondary hyperparathyroidism e.g in osteomalacia) Im personally not sure if I think this is always necessary if measuring vitamin d levels as this can be normal or high in vitamin d insufficiency and where it would be low in hypoparathyroidism, I would expect calcium to be low as well.  Most of our patients seem to have normal calcium levels.
U&ES (to exclude renal failure), 
LFTS (exclude hepatic failure—ALP—often raised in osteomalacia), 
Calcium (exclude hypercalcaemia and baseline for monitoring), 
Other blood tests to consider,
Phosphate-(--PTH increases phosphate excretion via kidneys)
Magnesium if calcium or PTH low.
FBC-exclude anaemia (often accompanies Vitamin D deficiency may suggest malabsorption).
Immunoglobulins, TTG antibodies (e.g. to check for coeliac disease)
Other investigations to consider,
e.g.  Xrays to image areas of focal pain in adults if persist or worsen during treatment (suggesting bony metastases)

Interpreting Results

	Serum 25(OH) D
	Vitamin D status
	Manifestation
	Management

	<25nmol/l
	Deficient
	Rickets

Osteomalacia
	Treat with high dose vitamin D

	25-50nmol/l
	Insufficient
	Associated with disease risk
	Vitamin D supplementation

	50-75nmol/l
	Adequate
	Healthy
	Lifestyle Advice/Consider maintenance therapy

	>75nmol/l
	Optimal
	Healthy
	None


(<25nmol/l:Deficient 

It is thought that this is the level below which PTH starts to rise causing increased bone turnover and hence symptoms associated with osteomalacia)
When to consider referral to an appropriate specialist.
· Unexplained Deficiency

· No response after 12 weeks of treatment.

· Hypercalcaemia (>2.65mmol/l-check PTH and 24 hr urine calcium-refer endocrinology)
· Severe Hypercalciuria

· Metastatic calcification

· Focal bone pain

· Primary hyperparathyroidism-refer endocrinology
· Renal stones

· Skeletal deformity

· Unexplained weightloss/anaemia ?coeliac/fat malabsorption

· Where suspected that antiepileptics or rifampicin may be the cause.
· If patient has renal disease stage 4 or CKD eGFR<30ml/min.-(consider referral renal services as patients may require active forms of vitamin D)
· Where other illnesses present that increase Vitamin D sensitivity e.g. TB, sarcoidosis, lymphoma.
Treatment with Vitamin D preparations
· It is likely that the mother, siblings, and other family members of a child with rickets are also vitamin D deficient.  At a minimum, a maintenance dose of Vitamin D is recommended for other family members. 
· High Bolus doses of Vitamin D not recommended for pregnant or lactating women.  Insufficiency/maintenance doses should be used for them.  Maximum safe upper limits suggested for this group equate to 4000IU/od.
· As a fat soluble vitamin oral vitamin D products should be taken with food to improve absorption. 

· Whilst on treatment patients should be advised of signs of hypercalcaemia; nausea, thirst and polyuria.

Contraindications

· Hypercalcaemia

· Metastatic calcification

· Relative CI-primary hyperparathyroidism, renal stones, severe hypercalciuria.

Interactions
· Thiazides (Impair Calcium secretion) 
· Digoxin (Vitamin D can enhances its effect)

· Phenytoin, corticosteroids, barbiturates can decrease vitamin d levels

· Allow 2-4 hrs between administering Calcium containing Vitamin D supplement and levothyroxine, bisphosphonates, sodium fluoride, quinolone, iron and tetracylcines as absorption may be reduced.

· Avoid taking with orlistat as reduces absorption.
The following treatments are recommended treatments for Adults only and does not apply to pregnant/lactating women.  
25 (OHD) <25nmol/l—Deficient
· 10,000IU calciferol daily for 8-12 weeks

· 60,000IU calciferol weekly for 8-12 weeks

· Or 2 calciferol doses 300,000IU  by IM injection 3 months apart.
· In Severe malabsorption IM 300,000IU monthly for first 3 months apart followed by the same dose once or twice a year.

Treatment will restore body stores of Vitamin D over 8-12 weeks and start maintenance treatment thereafter.
Practically our options at Leylands for 25 (OHD) <25nmol/l—Deficient
First line: 
· 60,000units (3 x 20,000unit capsule) Colecalciferol orally once a week or (1 x 20,000unit capsule) of colecalciferol for 3 times a week for 8-12 weeks.  (comes as box of 50 capsules)
Alternative :

This is a cost effective option and suitable for patients requesting gelatin free/vegetarian options or where concordance is a major issue or patients unable to take capsules orally:

· 2  x (IM) injections of 300,000units ergocalciferol/colecalciferol injections given 3 months apart. However good to check levels before second injection.(Currently a supply problem of ergocalciferol IM in the community-anticipated availability January 2012, however colecalciferol injections IM are available from some suppliers but do not have UK marketing authorisation)
Note parenteral ergocalciferol can be administered orally:this is an unlicensed use. It is presented in glass ampoules, therefore syringes and filter needles would need to be provided along with the injection.
2nd Line:

If patient unable to swallow tablets and IM vitamin D not obtainable –liquid option available BUT PLEASE DON’T USE unless patient unable to take tablets. Also note that although colecalciferol liquid does not contain gelatin the colecalciferol itself is derived from wool fat and most manufacturers of liquid are not able to identify whether the source is alive or from slaughtered sheep which has implications for its suitability for vegetarians.  
· Liquid Colecalciferol/ergocalciferol 150,000units once a day for 2 days 

e.g. 15ml of 10,000units/ml–prescribe as Zymand brand once a day for  2 days.

Or Sterogyl –contains alcohol (20,000units/ml) drops-7.5ml over 2 days or single dose.  If these are not available then the local pharmacy maybe able to obtain more cost effective generic preparations. (Higher strengths usually more cost effective.
(As mentioned above parenteral ergocalciferol can be administered orally:this is an unlicensed use. It is presented in glass ampoules, therefore syringes and filter needles would need to be provided along with the injection)
Suitable for vegetarian alternative:  If IM vitamin D not available and patients keen for vegetarian alternative then they can purchase OTC high dose of vegetarian vitamin D on line from www.vitamind3uk.com.  Other vegetarian sources available see appendix 1 although strength of doses much lower.
· Vitamin D3 (colecalciferol) microtablets 5000IU -2 tablets daily 6 days a week for  8-12 weeks. (Box of 200-costs below)  
Note: Where severe deficiency accompanied by hypocalcaemia leading to secondary hyperparathyroidism treatment Vitamin D should be accompanied initially by1-2g of calcium daily from the  available supplements. 
Monitoring- In high dose treatment of Deficiency

· Initial Baseline Bloods as outlined above-investigations.

· Check calcium at 1/12 after initiating high dose treatment.

· Check calcium more frequently 2 weekly for first 1/12 (If also receiving calcium supplement as well as high vitamin D in order to determine how long to continue calcium and to avoid hypercalcaemia.

--(some suggestion only issue for 5 groups of people: those already with hypercalcaemia, hyperparathyroidism, granulomatous disease (e.g. TB, sarcoid), renal failure or active or recent renal stone-most of which are CI to us initiating treatment in primary care. Warn patients of symptoms of hypercalcaemia-weightloss, sickness, vomiting, headache, abdo pain, apathy, polyuria

· Check Vitamin D 25(OHD)-, Calcium at 3/12, + (phosphate, ALP and PTH ?again Im not sure if this is necessary unless baseline abnormal)
If satisfactory response and levels Vitamin D >25-50nmol/l continue with vitamin d insufficiency regime (see below), monitor Vitamin D again at 6-12 month intervals until levels corrected >50nmol/l (Phosphate, ALP, PTH only if baseline abnormal)

If response to treatment but levels Vitamin D <25nmol/l consider further loading doses and recheck bloods 3/12.
Review need for maintenance treatment once levels corrected.

Note: Serum ALP, PTH will start to decline during 1st 3/12 of treatment but may take a year to fall to reference range). 

IF THERE IS NO RESPONSE TO TREATMENT AND COMPLIANCE OK:

Then consider referral to appt specialist in secondary care
 25 (OHD)  25-50nmol/l---Insufficiency 
· 1000IU-2000IU calciferol daily for 8-12 weeks.

· 10, 000 IU calciferol weekly for 12 weeks.

· IM calciferol 300,000IU once or twice a year.

Practically our options at Leylands for: 25 (OHD) 25-50nmol/l-Insufficiency.

In these circumstances I would encourage OTC supplementation of 1000units of vitamin D wherever possible available online or at Boots, Holland and Barrats, other health food stores.  Solgar is also available online.

People wanting vegetarian options can be signposted to

· Boots high dose Vitamin D 1000units suitable for vegetarians

· Holland and Barrats: Colecalciferol Oral Vitamin D spray 1000units (DLUX-suitable for vegetarians).

· www.vitamind3uk.com which has 2000IU and 1000IU tablets.

· www.sunvitd3.co.uk which sells SunVit-D3 1000IU tablets and on contacting the company they claimed it is suitable for vegetarians (not to confuse this with Holland &Barrett sunvite D3  tablets which contain gelatin)
 However most likely we would have to prescribe due to our patient population. Where we need to prescribe then I would recommend the following:
· Colecalciferol 20,000units (2 capsules a month)-12 weeks-contain gelatin
· 1x  (IM) injections of Ergocalciferol/colecalciferol-300,000IU  assess response 3/12.  Cost effective option, majority suitable for vegetarians and useful where concordance, malabsorption or difficulty swallowing is an issue.
· Colecalciferol 1000units od (prescribe as SunVit- D3 1000iu comes in packs of 180 caps)-12 weeks.  SunVit D3 suitable for vegetarians.
Note for vegetarians
· Colecalciferol 1000units 1 or 2 tablets daily (prescribe as SunVit D3 1000units as above).  
-Note Solgar vegcaps 2200IU although are gelatin free the manufacturer does not claim they are suitable for vegetarians. From my further research I believe this is related to how the colecalciferol maybe sourced i.e from the wool fat of dead sheep as opposed to live sheep. This issue can be discussed with the patient directly and their views taken into account before prescribing.
Where suspected dietary intake calcium is uncertain/poor:
· Combined Calcium/Vitamin D preps (e.g. Calceos/Adcal D3-all contain gelatin)-12 weeks_
(Gelatin free versions of these: specify Gelatin free on script-but usually own branded have suboptimal doses of vitamin D.) Adcal to launch Gelatin free Ca/Vit D prep later in year-so will watch out.—
MONITORING- In treatment for Vitamin D insufficiency
(There is suggestion that it is not necessary to monitor response in Vitamin D insufficiency where low dose treatment given but I feel an initial response to treatment should be assessed in this group if we have initiated it).
· Check calcium 3/12
· Check Vitamin D 25(OHD) 3/12  to assess response to treatment. (Phosphate, ALP,PTH only if baseline abnormal.
If vitamin D levels improved from baseline continue with above regime and monitor at 6-12 month intervals until corrected. 

Review need for maintenance treatment once levels corrected.
Practically our options at Leylands for Maintenance therapy, levels>50nmol/l: 
The RDA in UK is 400units daily however this is only sufficient to prevent osteomalacia and rickets and such intake alone in the absence of skin synthesis will not provide optimal status.

A dose of 800 to 1,000units of colecalciferol daily may be required once deficiency has been corrected for those patients who were severely deficient and are still considered to be at risk of vitamin D depletion again (see risk factors above e.g. asian, housebound, as well as those who had levels <25nmol to start with). In some cases this may be lifelong therapy.

At this point the options include:

· Reinforce lifestyle advice-see above re diet and sunshine and no further treatment in some patients.

· Encourage OTC preparations as much as possible at this stage.  Where supplementation is required then suggested dose between 400units to 1000units of colecalciferol on average daily depending on risk factors-(Appropriate clinical judgement should be used to estimate reasonable maintanence/prophylactic doses for individual patients). Many available-(Signpost to Boots, Holland and Barrats, local pharmacies)
Possible prescribing options for patients who had severe vitamin deficiency to begin with and likely to become deficient again e.g. asian,housebound:
· E.g. Colecalciferol 1000units od or 5 days a week. (prescribe as Sunvite D3 1000iu comes in packs of 180 caps)-

1000unit preparations can be used flexibly to provide lower levels of vitamin D overall by reducing the frequency of their administration e.g ranging from 1 tablet 3 times a week to 7 times a week depending on the overall dose the clinician wants the patient to take.
Where suspected dietary intake calcium is uncertain/poor or where it is essential e.g. for all institutionalized patients over 65 years old can prescribe:

· Combined Calcium/Vitamin D preps-one tablet twice a day of a calcium carbonate 1.5g & colecalciferol 400units (e.g. Calceos/Adcal D3-all contain gelatin). (for Gelatin free versions of these: specify Gelatin free on script) Adcal to launch Gelatin free Ca/Vit D prep later in year-so will watch out.—
(Note: Where there is high dietary intake of phytate (in chappati flour, wholegrain and wholemeal flour) this binds calcium in intestine and can cause calcium deficiency).

Vitamin D Toxicity

Providing baseline bloods done and renal, primary hyperparathyroidism and inflammatory conditions excluded the risk of toxicity is rare.  

The exact level of toxicity is not known but generally literature suggests toxicity seen if blood levels of 25-hydroxyvitamin D (25-OHD) are an excess of 500nmol/l  and is related to the subsequent hypercalcaemia that is associated with this. In such cases check serum calcium, stop supplements and refer endocrinology.

An extract from wikipedia, 

(Levels of 25-hydroxy-vitamin D that are consistently above 200 ng/mL (500 nmol/L) are thought to be potentially toxic, although data from humans are sparse. In animal studies levels up to 400 ng/mL (1,000 nmol/L) were not associated with toxicity. Vitamin D toxicity usually results from taking supplements in excess. Hypercalcemia is typically the cause of symptoms, and levels of 25-hydroxy-vitamin D above 150 ng/mL (375 nmol/L) are usually found, although in some cases 25-hydroxy-vitamin D levels may appear to be normal. It is recommended to periodically measure serum calcium in individuals receiving large doses of vitamin D).

.  
Product choices/Preparations/Appendix 1
Vitamin D2-ergocalciferol
Ergocalciferol commercially produced from a product extracted from yeast, hence is suitable for vegetarians and vegans.
Vitamin D3-colecalciferol- considered preferred form of Vitamin D for treatment.  
· According to NPA (National Pharmaceutical Association) Derived from wool fat of sheep. 

· According to Vegetarian society some colecalciferol products are suitable for vegetarians if the wool fat came from a live sheep and not one of slaughter and thus will be reflected in labels accordingly.
· Not suitable for Vegans.
List of some of the available preparations, Prices are a guide and may vary from the time they were recorded and are dependent on the supplier used.  Prices of medication available on prescription in this list is most likely in accordance with our local Lloyds pharmacy at Leylands medical practice or information taken from the East and SE England specialist pharmacy services.
	Name
	Form
	Strength
	Pack size
	Price
	Source
	Contains

	Colecalciferol


	capsules
	20,000IU
	50 
	16.47

+14.45 delivery charge (DC)
	Dekristol

Prices for Martindale 0800137627
Also available from Pharmarama and IDIS
	Peanut, glycerol, gelatin, soya

	Colecalciferol

Solgar Vitamin D3


	Veg-caps
	2200IU
	50 
	12.39

+ (DC)
	Solgar prescription

	No Gelatin but may not be suitable for vegetarians

	Colecalciferol

Solgar 

Vit D3


	Tabs/caps
	1000IU
	100
	10.35

+DC
	Solgar/prescription 
+OTC
	Gelatin

	Colecalciferol

Solgar

Vit D3
	Tabs/caps
	600IU
	60
	10.35

+DC
	Solgar prescription 
+OTC
	 Gelatin

	SunVit D3
	Tabs/caps
	1000IU
	180
	11.99
+DC
	SunVit D3 prescription
+OTC 

	Marketed Suitable for vegetarians.



	Sunvite Vitamin D3 Holland and Barrett
	Tabs
	1000IU
	100
	7.59
	Sunvite from Holland and Barrett
	Contains gelatin

	Boots high Dose Vitamin D
	Tabs
	1000IU
	90
	5.10
	OTC-Boots
	Marketed Suitable for vegetarians

	Natures remedy Vitamin D3 1000IU
	caps
	1000IU
	100 
Or 250
	6.99 for 100
14.99 for 250

+/- DC
	OTC ?prescription

Available for purchase www.naturesremedy.co.uk
	Contains gelatin

	Colecalciferol

DLUX 1000 spray
	Oral spray
	1000IU
	15ml
	7.19
	OTC
Holland and Barrett
	Marketed Suitable for vegetarians

	Combined Ca/Vit D supplements
	Tabs
	Variable strengths and costs

	
	Can be available as pharmacy own brand --costs vary
	Adcal D3

Calceos

Lloyds own brand

OTC
	Some contain gelatin.

	Ergocalciferol

(Has UK marketing authorization)
	IM injection
	300,000IU per ml.
	10 x 1ml
injections
	85 pound for 10 injections
	Focus Pharmaceuticals 01283495280

	Suitable for vegans/vegetarians

	Colecalciferol


	IM 

injection
	300,000IU/ml
	10x1ml

Injections
	12.68 for 10 injections 

43.50 for 10 injections
	Mawdsleys

01302553000

IDIS world

01932824100
	Suitable for vegetarians-colecalciferol derived from the wool fat of live sheep.

	Colecalciferol

Zymand brand

	Liquid
	10,000IU/ml

	10ml
	8.10-minimum order 30 pounds
(expiry date 30 days)
	IDIS world medicines
01932824100
	Manufacturers do not declare as suitable for vegetarians. 

	Sterogyl (ergocalciferol liquid) 20,000iu/ml (contains alcohol)
	Liquid
	20,000IU/ml
	20ml
	10.02
Handling fee 5.95
	Durbin PLC
02088696501
	Contains alcohol
Suitability for vegetarians not known.


.
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