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Vitamin D

Vitamin D is a fat-soluble vitamin that is absorbed along with fat in the small intestine and stored in fat tissue. Vitamin D plays a vital role in maintaining the proper amounts of calcium and phosphate concentrations in the blood. These minerals combine to make calcium phosphate which makes the bones hard and strong.  

Sources of Vitamin D

The body receives vitamin D through exposure to the sun, certain foods, and supplements. Sunlight is our most available source of vitamin. Ultraviolet B radiation converts a cholesterol substance in the skin into vitamin D. Fish, such as salmon, tuna, and mackerel, beef liver, cheese, and egg yolks all naturally contain vitamin D.  Additionally, vitamin D is added to foods such as cereals, select breakfast bars, yogurt, orange juice, margarine, and milk.  Because sun exposure is often limited in some parts of the country and few foods contain vitamin D, it is often necessary to replenish the body’s stores through a supplement.   
Supplements 

Vitamin D is commercially available as vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol). Although both forms are effective, vitamin D3 is three times as potent as D2 and is replacing it in many supplements. Cod liver oil is one of the best sources of vitamin D3. Cod liver oil is different than fish oil supplements in that it contains more vitamin D. Cod liver oil is derived from the liver of the fish where vitamin D is concentrated versus fish oil which is derived from the whole fish body. Multivitamins often contain vitamin D as well. Additionally, vitamin D can be found as its own supplement.  

Conversion in the Body

Vitamin D enters the body through sunlight, certain, foods, and supplements in an inactive form. The liver and the kidneys play active roles in converting vitamin D into its active form.  

Measurements
Lab measurements assess vitamin D after it has passed through the liver. Although no concrete numbers currently exist, the following ranges appear to be the general consensus. The appropriate amount of vitamin D is ≥ 30 ng/mL. Insufficiency is < 20 ng/mL, while deficiency is defined as < 11 ng/mL. One nanogram is one billionth of a gram.  (1 nanogram = 0.000000001 gram)  

Inadequate Amounts
A recent article in the Archives of Internal Medicine reported the striking statistics of vitamin D deficiency. It was reported that 50% of the elderly population in North America and 60% in the rest of the world have an unsatisfactory vitamin D status.

Vitamin D Deficiency 

In patients with inadequate amounts of vitamin D, the body cannot properly control the amount of calcium and phosphate in the bloodstream. As a result certain cells in the body are released to attack the bone in order to increase the calcium and phosphate concentrations. This causes the bones to lose density and mass; therefore they become more fragile. A condition known as osteomalacia can result from insufficient amounts of vitamin D. Osteomalacia describes the softening or weakening of the bones and muscles in which not enough calcium remains in the bones; this condition is referred to as rickets in children. Osteoporosis can also result from insufficient amounts of vitamin D by reducing the amount of calcium available in the bloodstream. Osteoporosis results from bone breakdown occurring faster than bone reformation. These conditions can be prevented by adequate intake of calcium and vitamin D.
Geriatric Patients

In the elderly population several factors influence the amount of vitamin D that enters the body.  As people age, their skin becomes less able to make vitamin D and their kidneys become less efficient in converting vitamin D to its active form. In fact, in comparing the skin of 70 years old to a 20 year old, the older patient could only make 25% of the vitamin D3 that the younger patient could make. Additionally, absorption of vitamin D and calcium from the small intestine is decreased. Outdoor activities are often limited and more clothing is worn. Lastly, diet may become less varied or change completely to include less food containing vitamin D.

Additional High Risk Populations

People living further away from the equator have diminished sun availability year-round. Due to increased melatonin amounts, darker skinned people produce less vitamin D3 through their skin. Those who stay indoors and those who apply sunscreen to all exposed areas of the body when going outside are at a high risk of developing vitamin D deficiency. Obesity and vitamin D concentrations are inversely related because the excess adipose tissue absorbs serum vitamin D. Because less is available in the bloodstream, vitamin D concentrations will be low. Lastly those who are lactose intolerant or are strict vegetarians can have low vitamin D concentrations. 
Recommended Daily Amounts

Conflicting results exist for the recommended daily amount of vitamin D. However, the National Osteoporosis Foundation’s current recommendations state the following. To better understand international units (IU), one international unit is equal to 25 ng.  
	Adult Age
	Vitamin D3

	< 50
	400-800 IU

	≥ 50
	800-1000 IU


Contraindications
Those patients who have high calcium concentrations, such as those who have cancer or renal impairment, should not receive vitamin D supplementation. Also patients with malabsorption syndrome, such as those with cystic fibrosis and lactose intolerance, should not receive supplementation.

Toxicity

While small amounts of vitamin D are beneficial, very large amounts can cause harmful adverse events. Too much vitamin D will allow excessive calcium to be absorbed thus causing kidney stones, confusion, and heart rhythm abnormalities. Toxicity occurs most often with supplements rather than excessive dietary intake or sun exposure. Heat associated with prolonged sun exposure is believed to degrade vitamin D in the skin to prevent toxicity. Vitamin D toxicity is associated with non-specific symptoms such as muscle weakness, nausea, vomiting, decreased appetite, and constipation.

Effects on the Heart 

There has been recent research exploring the effects that vitamin D has on the heart. Data indicates that patients with low vitamin D concentrations are at a greater risk of experiencing a cardiac event with a trend towards greater deficiencies being associated with a greater risk. An example of a cardiac event is a heart attack. Additionally low vitamin D concentrations have been associated with a greater risk for death due to any cause and death due to cardiovascular events. Although it cannot be said that low vitamin D concentrations causes cardiac events or even fatality, evidence indicates that there is an association between low vitamin D concentrations and cardiac events.  

Effect on Falls and Fractures

Data exists that supports the theory that vitamin D affects muscle function. It appears that vitamin D deficiency causes impaired muscle function and muscle weakness, therefore predisposing patients to falling and even fracturing a bone. Conflicting evidence exists concerning the use of vitamin D in the prevention of falls and fractures. Many studies show that there is a reduction in the number of times patients fall and in the resulting fractures; however other trials did not find the same results. The differing results could be due to different amounts of calcium used concomitantly and the different doses and formulations of vitamin D used. Although there is no definitive answer at this time, possible benefit has been shown.  

Clinical Recommendation
Concerning sun exposure, it has been suggested that 5-30 minutes in the sunlight between 10-3 pm with no sunscreen twice a week should be sufficient for vitamin D synthesis. However, dermatologists do not suggest this as it increases the risk of skin damage. Additionally, the elderly do not produce sufficient vitamin D amounts through their skin.
Considering the relatively benign side effect profile, wide availability of vitamin D with or without calcium, low cost, and potential benefits concerning cardiac and bone health, it is recommended that geriatric patients receive 800-1000 IU of vitamin D daily. Additionally, 1000-1200 mg of calcium needs to be administered daily. These recommendations are in congruence with the osteoporosis guidelines.    
Tips

Check any multivitamins, calcium supplements, and herbal products to see if those products already contain vitamin D before beginning supplementation.
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