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Why is it that one vitamin is getting all the attention? 1,25 dihydroxyvitamin D3, (calcitriol) the biologically active vitamin D metabolite is now known to exert many important physiological effects on different tissues, independent from the regulation of calcium and bone metabolism.  Vitamin D is a prosteroid hormone with anti-proliferative properties which promotes cell differentiation.  Interestingly this has led to discovering its possible role in cancer chemo prevention and reducing risks of many other life threatening illnesses.     

In the early 1920’s, it was discovered that rickets, a prevalent disease, was due to vitamin D insufficiency and foods were fortified in an effort to eradicate this obvious health concern. Over time important implications of vitamin D were hypothesized with the discovery that most tissues and cells in the body have a vitamin D receptor.  The idea that sunlight and vitamin D inhibit growth of certain cancers is not new. In 1915 the researcher Hoffman first described the possible relationship between cancer mortality and latitude. The purpose of writing this article is to share insights from a traditional medical viewpoint but also to collaborate with an alternative medicine colleague who has spent more of his career studying effects of nutrition and prevention.  Traditional medicine all too often ignores this perspective.

There is growing awareness that vitamin D sufficiency is required for overall optimal health. Research during the past two decades has shown important connections to vitamin D deficiency and certain illnesses such as cancer, multiple sclerosis and type 1 diabetes 12. Vitamin D is unusual as a nutrient because the primary naturally occurring source is from UV exposure rather than dietary intake. Those at increased risk are populations living in higher altitudes with less exposure to sunlight.  Others with limited exposure to sunlight include the elderly who are more sedentary and do not get outdoors often, medical inpatients, patients with reduced skin  synthesis including those with darker skin pigment, those covering more of the body with clothing when outdoors, and patients with skin grafts for any reason—plastic surgery, skin burns, etc.  Sunscreen use, season, latitude, and time of day of skin exposure will also affect adequate solar vitamin D sufficiency. 

Vitamin D synthesis and metabolism:  

During exposure to solar UVB radiation 7-dehydrocholesterol in the skin is converted into pre vitamin D3. This former compound is then immediately converted to vitamin D3 in a heat-dependent process. Vitamin D in the circulation is bound to the vitamin-D binding protein, which transports it to the liver where it is hydroxylated to produce 25-hydroxycholecalciferol which is the major circulating form of vitamin D and the best indicator of overall vitamin D status. This form of vitamin D however is the biologically inactive storage form and must be converted in the kidneys by 25-hydroxyvitamin D -1alpha hydroxylase (1-OHase) to the biologically active form 1,25-dihydroxyvitamin D (1,25(OH)2D). This biologically active form, once converted by the kidneys, binds to vitamin D receptors in target tissues such as the mammary glands, muscle, bone, nerve tissue—wherever there are vitamin D receptors.  It is a complicated process involving the immune system, serum phosphorus, calcium and parathyroid hormone.  Renal production of 1,25 (OH) 2D decreases its own synthesis through a feedback system relying on immune and hormone mediated metabolic processes.  The kidneys tightly regulate production of 1,25 D and blood levels do not rise in response to increased intake. Therefore, when ordering a blood draw to check vitamin D levels the clinician should be requesting 25 (OH) D (calcidiol) and not 1,25 (OH)2 D (calcitriol). A 1,25 D test should never be used for detecting deficiency status as levels can be normal or even elevated (while vitamin D status is actually insufficient) as a result of secondary hyperparathyroidism. 7, 12. 
Chronic Illness and Vitamin D:

As early as 1941 an inverse relationship between sun exposure and cancer mortality was documented by Apperly 14.  Several studies since then have shown that those living at higher latitudes are more likely to die from cancer as compared to those living at lower latitudes. People living at higher latitudes are at increased risk for many cancers such as Hodgkin’s lymphoma as well as colon, pancreatic, prostate, ovarian, breast and other cancers. Timing of diagnosis may also have an effect on survival ie: summer and autumn diagnoses were associated with highest survival, thought to be related to higher circulating calcidiol levels. 15   Deficiency of vitamin D has also been associated with osteoporosis and fracture, congestive heart failure, depression, osteoarthritis, diabetes and many autoimmune diseases—particularly multiple sclerosis which is increasingly prevalent among those who live in Northern latitudes. 7, 16 

 There is mounting evidence that vitamin D helps lower the risk of breast cancer.  Lin, J et al. found that higher intakes of total calcium and vitamin D were associated with a lower risk of developing pre menopausal breast cancer. 17   Benefits were not observed in post menopausal women. They hypothesized that the protective effect may be more pronounced against more aggressive tumors which tend to be the majority of tumors in pre menopausal women.  Knight et al. 18   found that the effective window of exposure to adequate vitamin D for prophylaxis may be limited. In their population-based case control study they found that those who had more sun exposure and dietary vitamin D intake between ages 10-19 had the lowest risk of breast cancer. For intakes or exposure during middle age (45-54) these associations disappeared.  Other studies show no association between vitamin D intake and breast cancer risk   19,20. The inconsistencies are thought to be due to different methods for selecting cases and controls, and differing dietary intake data collection tools - many are by recall, which has its disadvantages. It is possible they may simply indicate no real association. Another study found strong evidence to support the theory that vitamin D lowered the risk for development of breast cancer, but indicated that exposure to vitamin D may be most critical during breast development. 18 Both in vivo and in vitro data show that vitamin D can shrink large breast tumors, mainly by enhancing apoptosis and reducing proliferation of tumor cells. 21, 22 Vitamin D has also been show to slow progression of breast cancer by inhibiting secretion of proteins that might be responsible for increasing metastatic deposits in bone. 23 

In 1990 Schwartz and Hulka showed that a high prostate cancer mortality might be related to vitamin D deficiency. 24   Frequent sun exposure was actually found to reduce the odds for abnormal levels of serum prostatic specific antigen. 16   Many studies have demonstrated the inverse relationship between vitamin D and colorectal cancer risk.  Kana et al. looked at this relationship based on data suggesting that metabolic transformation of 25 (OH)D to 1,25(OH)2D might take place not just within the kidney, but within the colon as well as several other sites. The authors conclude that adequate vitamin D levels, as measured by 25(OH)D in the range of 33ng/mL, might be associated with an approximately 50% decreased risk of colorectal cancer. 26 It is possible that higher intakes of vitamin D might have a greater beneficial effect in those whose vitamin D levels tend to be lower, such as in African Americans and the elderly.

Sources of Vitamin D

Vitamin D can be only be obtained from UVB exposure (sun or tanning bed), diet and nutritional supplements. 
Food sources of vitamin D are limited.  While certain fatty fish offer a healthy dose, you’ll notice from the list below, diet by itself will not meet vitamin D sufficiency.  One trial showed that not one adult or child received the current RDA’s of vitamin D from diet alone. 5   Cod liver oil offers a therapeutic dose and is one of the best sources of vitamin D, however it is really a nutritional supplement rather than a food source.   

Table

Food sources of vitamin D, approximate amounts per serving: (reference 7)
Wild salmon - depending on the variety, 400 – 740 IU

Farmed salmon – 100-250 IU

Canned salmon – 300 – 600 IU

Canned sardines – 300 IU

Canned tuna – 300 IU

Cod liver oil (1 tsp) – 400 – 1,000 IU

Fortified milk – 100 IU

Egg yolk – 20 IU

Supplemental vitamin D is available in 2 distinct forms -  ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3).  D3 is the naturally occurring form and is made from sunlight or can be taken as a supplement.  D2 is synthesized industrially by irradiating yeast.  It is not the form produced by sun exposure.  Historically, the two forms have been considered interchangeable based on rickets studies that were done 70 + years ago.  Since we now have a reliable method (25(OH)D test) that can accurately measure vitamin D status in humans, it is clear that D3 is more potent (1.7 times more efficient in raising D levels), possibly less toxic, and a superior choice for supplementation.   Interestingly D2 continues to be the main source used in prescription vitamin D medications in the US.  1,12
Solar UVB rays are the primary source of vitamin D for most people, but this isn’t the case if the skin isn’t exposed or is covered with sunscreen.  Sunscreen with an SPF of 8 or greater will block almost all vitamin D synthesis from the sun. The current medical mantra of “sun bad, sunscreen good” needs to be modified in light of the vitamin D data that has been published over the past 10 years, and it may be wise to consider the idea of regular “sensible sun exposure”.  The human body is well designed to only synthesize the amount of vitamin D that is optimal from sun exposure, and absorption stops after that point is reached;  hence the reason there are no reported cases of vitamin D toxicity from solar rays.  For most people, the saturation point is 20,000 IU, which is normally obtained from 20 minutes of full body exposure in the summer.   The optimal time of day for sun exposure is solar noon as the ratio of UVB to UVA is highest.  It is also thought that basal cell carcinoma (BCC) and cutaneous malignant melanoma (CMM) are more susceptible to UVA irradiation, and they are also linked more to intermittent UV exposure, not to sensible regular exposure.  Exposure to one minimal erythemal dose (MED, the amount of time it takes for the skin to start turning pink) is equivalent to ingesting 10,000-25,000 IU of oral vitamin D.   A reasonable sun exposure recommendation for a fair skinned person would be 5 – 30 minutes of arms and legs without sunscreen (depending on time of day, season, latitude and skin pigmentation).  For dark skinned individuals, such as African Americans, it’s more likely 30-60 minutes.   Tanning beds also offer an option as they emit 2-6% UVB radiation, and have been shown to boost 25(OH)D levels (30-50% of the recommended time, with sunscreen on the face).  For northern latitude states or countries, it’s worthwhile to know that D3 from sun can be stored in fat tissue and released over a three month period during the winter, when synthesis is limited or sometimes impossible.  5,7, 9, 12
Are we Deficient?

While optimal levels of vitamin D status, as defined by serum levels of 25(OH)D, are still debatable the consensus of the scientific community is that a 25(OH)D level (ng/mL) <20 indicates a severe deficiency, 20-32 – insufficient, 32 – 100 – sufficient, 54-90 – normal in sunny countries,  > 100 – excess, > 150 – toxic.   Prior to 2006, the Labcorp parameters for normal were considered 9-42 ng/mL.  They changed the parameters to 32-100 ng/mL, based on studies showing 32 ng/mL to be the lower limit threshold for optimal health. Based on the extensive body of literature that has come out since 1999, it is reasonable and conservative to view optimal vitamin D status in the range of 40 – 65 ng/mL. 3,5,6, 10

Vitamin D levels studied in those living in the Northwest raise obvious concerns, especially when considering the new guidelines and implications. Based on a 2005 study that looked at 25(OH)D levels of male and female medical residents residing in Portland, OR, the average vitamin D level in summer was 24.7 (ng/mL) and 20.4 in winter. 5   Both levels showed an insufficient amount bordering on severe deficiency, and we can assume that the winter figures would be worse in  Seattle since we’re at a higher latitude. To make matters worse, it’s assumed that we can’t convert any sunlight into vitamin D at our latitude during the winter months, regardless of weather conditions.  One study showed that people living in Boston were unable to produce any D3 via UVB rays from November through February, even on sunny days.  In Edmonton, Alberta this period extended from October to March. 4
Toxicity

Since Vitamin D is fat soluble, there has traditionally been a theoretical concern that we must be extremely cautious about the supplemental amounts recommended.  In reality, toxic dosages are much higher than previously thought.  Vieth showed that dosages of 10,000 IU of vitamin D3/day for 5 months showed no signs of toxicity.10    All documented cases of D3 toxicity have been due to accidental overdoses that were not intended for human consumption.12  In published cases of toxicity where the dose and blood levels are known, all involve intake of greater than 40,000 IU/day of vitamin D for an extended time period.10  
A few patients will have a higher sensitivity to vitamin D, which is often mistaken for toxicity (ie: primary hyperparathyroidism, sarcoidosis, oat cell carcinoma of the lung, non-Hodgkin’s lymphoma), and their cases need to be followed carefully.  This rare syndrome occurs when abnormal tissue subvert the kidney’s regulation of 1,25D production.  In addition to checking 25(OH)D  levels, blood calcium levels should be monitored, and if high, 1,25D levels should be checked. 7, 12 

As Cannell states on the vitamin D web page that he created, “living in America today while worrying about vitamin D toxicity is like dying of thirst in the desert while worrying about drowning”.12
Treatment and Monitoring

 The current dilemma for practitioners in the US is to determine the optimal dose for our patient population.   The current recommended daily dose of vitamin D is 200 IU for children and young adults, 400 IU for ages 51-70 and 600 IU for those over 70.   The upper daily limit is considered 2,000 IU.5   Based on the available medical literature, it is worth considering that these guidelines are obsolete and should be adjusted.  It’s helpful to consider how much we obtain from the sun in a short time period (typically 10-25,000 IU), as well as how much vitamin D we use daily (healthy men were shown to use 3,000-5,000 IU of vitamin D/day). 13   Based on the current data, our goal should be to try and keep levels of 25(OH)D in the 50 ng/mL range.  To do this, it is reasonable to assume that individuals need between 4-10,000 IU/d from all sources of vitamin D (sun, food, supplements). 12
Ideally, blood levels should be obtained, and a treatment strategy created to optimize vitamin D status.  If levels are deficient, many practitioners suggest giving a loading dose of D3 for a certain time period to boost levels quickly, followed by an ongoing daily dose.  For a loading dose strategy, one method is to give 100,000 IU a few times over a month or two. Others suggest giving 10-20,000 IU/day for 2-3 weeks, followed by a daily dose of 1 -5,000 IU/day depending on season, solar exposure, weight and dietary intake.  If initial levels are > 35 ng/mL, a loading dose is probably unnecessary.  Serum levels, including calcium, should be monitored periodically (1-3x/year), to ensure that 25(OH)D levels stay around 50 ng/mL.  For the majority of patients in the Puget Sound, this will probably require supplementing with 1-3,000 IU/day in the spring and summer, and 3-6,000 IU/day in fall and winter.  If blood levels aren’t checked, it’s a safe assumption that 1,000 IU/day in the spring/summer and 2,000 IU/day in fall and winter are safe to recommend, probably not optimal. If you’re uncomfortable recommending dosages that greatly exceed the RDA’s, consider referring to a provider who has experience and comfort with monitoring and treatment. Based on prospective studies, we firmly believe this will become part of traditional medical treatment.

 . 
What type of D3 to use?

Supplemental D3 comes either from lanolin (from lambs wool) or from fish liver oil.  A small amount of data exists supporting the theory that vitamin D requires other fat soluble vitamins, in particular vitamin A, in order to function optimally, and that high dosages of vitamin D can possibly deplete the bodies stores of vitamin A.  In essence, vitamin D and A may have a synergistic and protective effect when combined together, as they sometimes are in nature.  Fish liver oils would be a good example of this.  8,9  Some practitioners prefer a D3 supplement from fish liver oil, which typically gives 1,000 IU of vitamin D and 3,000 IU of naturally occurring vitamin A.  It is safe to recommend up to 6,000 IU of vitamin A/day for all adult patients (including additional supplemental sources), which would give a maximum of 2,000 IU of D.  If additional vitamin D3 is indicated, at least one supplement company makes a liquid product that is emulsified, enhancing its absorbability.  Each drop gives 2,000 IU from lanolin, making it easy for the patient to take an adequate dose. The product retails for $13-$16/bottle, which lasts 2-4 months.

If concerned about using vitamin A with patients undergoing chemo and radiation, it’s fine to just use a lanolin based product.  Please keep in mind that most clinical trials using vitamin A in combination with chemo and/or radiation show a neutral or positive effect, and the concern may be unwarranted. 27, 28

Unless individuals are getting adequate sun exposure and supplementing with dosages well above the RDA’s, it is a very safe assumption that the overwhelming majority of the patient population in the Pacific NW are deficient or severely deficient in vitamin D.  It is our hope that more medical professionals will begin to utilize the blood test for vitamin D (25(OH)D) and make it a standard lab, similar to a chem screen or lipid analysis, and supplement adequately with vitamin D3.  This safe, inexpensive and simple protocol has the potential to prevent and treat numerous degenerative diseases including multiple forms of cancer.
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