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Objective: Define and understand the function and recommendations of vitamin D and the implications of vitamin D deficiency.
Definitions:
· Vitamin D2:  the supplement form of vitamin D that is formed by exposing ergosterol to ultraviolet UVB rays.  D2 cannot be formed by humans, it needs to be taken in the diet from foods fortified with vitamin D.
· Vitamin D3:  the supplement form of vitamin D that is 3 times more potent than vitamin D2.  D3 can be synthesized by humans when exposed to UVB light.
· 25-hydroxyvitamin D:  the circulating form of vitamin D that is used to determine a patient’s vitamin D status.
Key Points:

Functions of vitamin D.  The major function of vitamin D is to sustain normal plasma levels of calcium and phosphorus. Vitamin D assists in the absorption of calcium, which helps form and maintain strong bones. Intestinal absorption of calcium and phosphorus increases significantly with adequate levels of vitamin D.  With low levels of vitamin D, the risk for osteoporosis, osteoporosis-related fractures, and osteomalacia increase.  

Recently, research has suggested vitamin D may also provide a decreased risk of cancer, autoimmune diseases, osteoarthritis, diabetes, cardiovascular disease, and neurological disorders.  Higher levels of vitamin D have been shown to be inversely associated with the risk of colorectal cancer, breast cancer, non-Hodgkin’s lymphoma and melanoma.  Risk of developing multiple sclerosis, rheumatoid arthritis, and type 1 diabetes has been inversely related to high levels of vitamin D supplementation.  An increased level of vitamin D has also been shown to decrease the risk of cardiovascular disease by normalizing blood pressure.  Maintaining normal levels of vitamin D during utero and early life can provide important brain development and maintenance to protect against neurological disorders such as schizophrenia and depression.  

Vitamin D has also been reported to protect muscle function and enhance the immune system.  Vitamin D deficiency can cause muscle weakness, which can also lead to falls.  Skeletal muscle does have a vitamin D receptor and therefore, vitamin D may be needed for adequate function of muscle.  Immunity can also be increased due to vitamin D.  Two cells, monocytes and macrophages, are important immune cells in our bodies.  When these cells are exposed to Mycobacterium tuberculosis, they increase production of D3 to produce a peptide that is capable of destroying this infectious agent.  
Vitamin D recommendations.  The Institute of Medicine (IOM) recommends 200 IU for children and adults up to 50 years of age to provide an adequate daily intake of vitamin D.  Adults over age 51 years need 400 IU and for those over 71 years the recommendation increases to 600 IU daily.   However, most experts recommend that 800 to 1000 IU per day is adequate for children and adults in the absence of adequate sun exposure.  In fact, recent research suggests that the current recommendations are actually inadequate and should be increased to 800 IU of D3 per day.   
Sources of Vitamin D.  Vitamin D can be obtained through supplements, diet, and sun exposure.  Supplements can include multivitamin and other over-the-counter supplements, but should be taken cautiously.  Supplements for people who are deficient in vitamin D are available by prescription only.

Dietary sources of vitamin D include: 

· Cod liver oil
· Fish such as salmon, mackerel, and tuna
· Milk and yogurt fortified with vitamin D
Another source of vitamin D comes from ultraviolet rays that radiate from the sun.  Most people can get adequate vitamin D3 through exposure to sunlight; however, the amount of sunlight exposure a person needs depends on time of day, season, latitude (distance from equator), skin pigmentation, and sunscreen application.  In general, exposure of the arms and legs for 5 to 30 minutes between the hours of 10 a.m. and 3 p.m. twice weekly has been shown to be adequate for most individuals.  Caution should be taken when recommending sun exposure because it can increase the risk of skin cancer.  
Definition of vitamin D deficiency.  A blood serum test for 25-hydroxyvitamin D is needed to determine a person’s vitamin D status.  Most experts define vitamin D deficiency as a 25-hydroxyvitamin D level of less than 20 ng/mL.  Vitamin D insufficiency is determined as less than 30 ng/mL since this level showed a significant increase in intestinal calcium transport.  It can be estimated that 1 billion people worldwide have vitamin D deficiency or insufficiency. 
Infants and children are especially at risk for vitamin D deficiency.  Since infants have a limited exposure to sunlight and breast milk is insufficient in vitamin D, supplementation is recommended and should be discussed with a pediatrician.  Vitamin D deficiency has been characterized as rickets in children, a softening or weakening in the bones, which can lead to bowing of the legs.  In addition to rickets, deficiency can also cause growth retardation and skeletal malformations due to a lack in calcium deposits that could increase the risk of hip fracture later in life.  In order to correct vitamin D deficiency, 1000 IU of vitamin D3 per day is effective.
Pregnant and lactating women are also at risk for vitamin D deficiency, despite taking a multivitamin containing 400 IU of vitamin D.  These findings could depict that the current recommendations for vitamin D for pregnant and lactating women are lower than what is needed.  To treat a vitamin D deficiency, it has been shown that lactating women given 4000 IU of D3 per day is effective in raising vitamin D levels sufficiently and providing enough vitamin D3 in their breast milk to provide for their infant’s requirement.  As with other supplementation, vitamin D supplements at this level should only be taken under the recommendation of health care provider.
 Other populations who are at risk for vitamin D deficiency include people with fat malabsorption or who have undergone bypass surgery, people with darker skin pigmentation, and people who are obese.  Since vitamin D is a fat-soluble vitamin, it is absorbed with fat in the small intestine.  With fat malabsorption, less vitamin D is absorbed for use.  Darker skin pigmentations can reduce the skin’s ability to produce vitamin D, which could result in low levels of vitamin D.  Finally, obesity can affect vitamin D levels because higher levels of fat can trap or sequester fat-soluble vitamins, such as vitamin D, and decrease the amount in circulation.  Drugs such as anticonvulsant medications, glucocortiocoids or other steroid-type drugs may interact with vitamin D levels, as well.  Deficiency in the adult population can be attributed to osteopenia, osteoporosis, osteomalacia, muscle weakness, and an increased risk of fracture.  
IMPLICATIONS FOR EXTENSION. Vitamin D plays a major function in the human body by sustaining normal plasma levels of calcium and phosphorus to form and maintain strong bones.  In addition to this major function, vitamin D is also thought to play a protective role against osteoporosis, cancer, cardiovascular disease, autoimmune disorders, and other health risks.  Cooperative Extension Service Family and Consumer Science (OCES FCS) educators have opportunity to provide accurate educational programming to women and children regarding the benefits of adequate vitamin D levels and how they can achieve these levels.  Appropriate strategies for this programming are characterized by the following:


Provide women and their families with accurate and up-to-date information that addresses their specific questions.  


Encourage vitamin D testing to ensure an adequate vitamin D level, especially to women who are pregnant or breastfeeding and/or have young children.  


Provide information on dietary sources of vitamin D and ways to achieve a healthful level of vitamin D from the diet.


Encourage women and families to obtain safe sun exposure.


Encourage people found to be vitamin D deficient or insufficient to visit with their doctors about ways to increase vitamin D levels.
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