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INTRODUCTION
What is Vitamin D?

Vitamin D is not really a vitamin; rather, it is a steroid hormone. The most biologically
active form is called 1,25-dihydroxyvitamin Ds (calcitriol). Active calcitriol is derived from 7-
dehyrdrocholesterol, produced in the skin. 7-dehyrdrocholesterol is converted into vitamin D3
(cholecalciferol) following UV irradiation (1). The metabolic conversion in the body from
prohormone to active hormone is accomplished by a two-step process. First, in the liver it is
hydroxylated to become 25(OH)Ds (calcidiol), and then in the kidneys to 1-25-dihydroxyvitamin
Ds (calcitriol) by the enzyme 1-a-hydroxylase (FIG 1.). This enzyme is found mainly in the
kidney but is also present in lymphocyte and colon cells, the placenta, breast, prostate, and

pancreas (2).
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The biosynthesis in the skin is the most important source of vitamin D as long as the
individual is exposed to sunlight on a regular basis. In that case, no dietary requirement is
necessary for this vitamin; however, if there is inadequate exposure to sunlight, dietary intake is
critical. Vitamin D2 is synthesized by the irradiation of ergosterol and ingested through the diet
(3). Vitamin D> has also been shown to be less effective than vitamin D3 according to a limited
number of studies. A study mapping the time course of serum 25(OH)D after a single dose
showed that vitamin Ds raises and maintains serum 25(OH)D levels to a greater degree than
vitamin D> with a potency of at least 3-fold, but closer to 10-fold (4).

25-hydroxylation occurs in the liver, followed by 1-a-hydroxylation in the kidney to
activate vitamin D (5). 1,25-dihydroxyvitamin D3 interacts with its nuclear vitamin D receptor,
which bonds with the retinoic acid-X-receptor and the genetic information is in a sense unlocked
from the molecule in order for it to exert its biological action. The small intestine and PTH also
play an important role because 1,25-dihydroxyvitamin D3 maintains calcium homeostasis by
increasing the efficiency of intestinal calcium absorption and mobilizing the calcium from the
skeleton (6). Nuclear vitamin D receptors are located on almost all tissues and cells in the body.
Sources of Vitamin D

There are three primary sources of vitamin D: its synthesis in the skin from exposure to

UVB sunlight, food, and vitamin supplementation (7).



UVB radiation reddens the skin, causing sunburn, and is possibly a contributing factor to
an increased risk of non-melanoma skin cancer. However, the UVB radiation also contributes to
the reaction in the skin that stimulates the production of vitamin D3 (8).

The level of UV radiation varies depending on ozone, time of day, altitude, weather
conditions, reflection and —important to our study - the time of year and geographic latitude (8).
Vitamin D levels are usually lower in the winter when the sunlight exposure is not as great,
compared to the summer or the fall. Additionally, an individual's geography (particularly with
respect to the distance from the Equator) may also play a role. At latitudes above 37° north of
the equator or below 37° south of the equator, vitamin D production does not take place from
November through February regardless of sun exposure; however, in lower latitudes vitamin D
synthesis is adequate year-round (7). However, a recent study in Hawaii showed inadequate
vitamin D levels even after the individuals had an average sunlight exposure for 11 hours/week
(9). Even in the sunniest of areas vitamin D deficiency can be common if most of the skin is
shielded from the sun. Adequate skin exposure to sunlight several times a week or using tanning
bed facilities is helpful (8).

Very few foods are naturally rich sources of vitamin D, but cod liver oil and oily fish like
salmon, mackerel and sardines are some of the best sources (10). For example, a serving of 3.5
ounces of salmon contains 400 IU; cod liver oil contains 400 IU per teaspoon (11). Sun-dried
mushrooms and other food products such as milk, orange juice, cereals and some bread are
fortified with vitamin D in the United States. However, it should be noted that fortification of
milk with vitamin D is not standard world-wide (6). Egg yolks also contain approximately 20 TU

and some yogurts may contain 100 IU per serving (11).



Finally, multivitamin supplementation is still another way to obtain the many benefits of
vitamin D. Multivitamins typically contain 400 IU of either vitamin D> or vitamin D3 (6). Itis
important to note that compliance with supplementation especially among elderly is problematic
when using multivitamins due to the increased number of other medications the population takes,
as well as an unreliable consumption of milk due to a higher prevalence of lactose intolerance
(11).

Vitamin D Deficiency

Vitamin D levels are assessed by measuring an individual’s serum 25(OH)D level, which
represents short-term vitamin D exposures during the previous few weeks or months (12).
Serum 25(OH)D level is the best indication of adequate vitamin D and its concentration
reflects absorption from diet and synthesis from skin (13).

According to Dr. Michael Holick of the Boston University School of Medicine (8),
healthy vitamin D levels should not be less than 20 ng/mL and should ideally be in the 30 to 50
ng/mL range. Dr. Holick and fellow researchers used data that had been collected as part of a
federal National Health and Nutrition Examination Survey between 1999 and 2000 and
analyzed the diets of 16,500 people selected as a cross-section of the entire U.S. population.

The researchers found that children between the ages of 1 and 8 years old were most
likely to get the recommended daily intake (RDI) of vitamin D (currently estimated at 200 to
600 IU, depending upon age). Approximately 60.0% of this population obtained their RDI
from diet alone, largely because milk is fortified with vitamin D in the United States and
children are more likely than the other age groups to consume significant amounts of milk on a

daily basis.



Individuals ages 9 to 50 received nearly as much vitamin D as the young children, but a
far higher proportion of their vitamin D intake resulted from using supplements. This was
particularly true in young women; only 20-40% typically got the RDI for vitamin D from diet
alone.

Vitamin D deficiency reached epidemic proportions among people over 50. Only about
5.0% of men and 1-3% of women received their RDI of vitamin D from diet alone. Even with
the use of supplements, only 35.0% of whites, 17.0% of Hispanics, and 10.0% of blacks had
received the RDI of vitamin D (14).

Lower vitamin D levels may also be present among patients with osteoporosis, non-white
individuals and among populations with low dietary vitamin D supplementation or little sunlight
exposure. Blacks have greater skin pigmentation, which can reduce the cutaneous vitamin Dj3
production by as much as 99.9% (11). In addition, with the same exposure to sunlight as whites,
blacks have lower circulating levels of 25(OH)D during the winter, and are less likely to use
dietary supplements (15). People living in countries at higher latitudes are also more prone to
seasonal vitamin D levels that are sub-optimal because during the winter, sunlight does not
promote the formation of the vitamin D precursor in the skin (16). In addition, obese patients
appear to also have a greater difficulty utilizing the vitamin D stores in their skin and put them at
greater risk of the consequences of deficiency (12).

The consequences of vitamin D deficiency are numerous and quite varied. Vitamin D
deficiency among the elderly can cause secondary hyperparathyroidism and osteomalacia, which

can exacerbate osteoporosis, leading to an increased incidence of skeletal fractures (13). This



deficiency can also cause muscle weakness, thereby increasing the risk of the elderly to fall and
fracture. Vitamin D deficient children may suffer from the bone disorder rickets.

Chronic nonspecific musculoskeletal pain is another consequence of deficiency (17).
Patients may be diagnosed with fibromyalgia or chronic fatigue syndrome, while their symptoms
of muscle aches and bone pain may be due to vitamin D deficiency (11). Recent evidence has
also suggested that a low serum 25(OH)D level is associated with an increased risk of metabolic
syndrome (2). Other risks are type 1 diabetes mellitus, multiple sclerosis, rheumatoid arthritis,
hypertension, cardiovascular disease and many cancers such as breast, colon and prostate cancer.

On the other hand, numerous research studies have demonstrated that sufficient levels of
vitamin D may help regulate cell growth and maturation, thus inhibiting cancer cell growth. It
may also stimulate insulin secretion, inhibit renin production and modulate immune function (6).
SUBJECTS AND METHODS
Subjects

A random selection of 700 individuals was chosen from patients who presented to Fort
Wayne Endocrinology during a four-month period of time during the winter that had their serum
25(OH)D level checked. Other pertinent data such as the patients’ gender, age, thyroid levels,
glucose and insulin level were recorded in this study. Any previous health conditions of the
patients were also noted. Some of these included (but were not limited to): thyroid disorders,
osteoporosis, fibromyalgia, chronic fatigue syndrome, types 1 and 2 diabetes mellitus, and
metabolic syndrome. It was also noted that the patients live in a region of the country above the
37t parallel, which implies that during the winter the UVB exposure from sunlight does not

adequately produce vitamin D in the skin and this may cause a lower serum 25(OH)D level.



Analytical Method

The Immunodiagnostic Systems Inc. 25-Hydroxy Vitamin D RIA kit was utilized for
obtaining serum 25(OH)D level in this study (18). High Performance Liquid Chromatography
(HPLC) has been developed over many years and is coincidentally considered to be the "gold
standard" for determining vitamin D; however, the methodology to this approach is not as
available to clinicians and is much more complicated. The liquid phase radioimmunoassay is
intended to determine serum 25(OH)D level and other hydroxylated metabolites in human serum
or plasma. According to the specifications set by this kit, the expected range for normal adults is
9.2-45.2 ng/mL (3).
Statistical Analysis

Results were presented as mean +/- SD (standard deviation) as well as +/- SEM (standard
error of the mean). Chi-squared tests were used to calculate differences in the proportion of
vitamin D deficient (<20 ng/mL), sub-optimal (20-30 ng/mL), and sufficient (>30 ng/mL)
patients in the total population, as well as to determine any statistical significance among the
gender of the patient and the assessment of vitamin D status. P values <0.05 were statistically
significant. Microsoft Excel 2003 and Mini-Tab were used for statistical calculations
RESULTS

Vitamin D deficiency is defined as serum 25(OH)D level below 20 ng/mL and out of the
population of 700, this was found in 29.57% (n=207) of patients. Comparing this to serum 25
(OH)D level that was sufficient at greater than 30 ng/mL, we found among our 700 patients that

this was evident among 33.0% (n=231) in the study (GRAPH 1.). Desirable levels of vitamin D



were set at greater than 30 ng/mL; overall 67.0% (n=469) of the total population had sub-optimal

levels of Vitamin D (<30 ng/mL).

GRAPH 1.
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700 patients’ health records were reviewed for this retrospective chart analysis. 19.57%
(n=137) of the 700 patients were males and 80.43% (n=563) of the 700 patients were females.
The mean patient age was 49.658 +/- 13.745 years with SEM +/- .5195. The mean serum 25
(OH)D level was 26.787 +/- 11.512 ng/mL with SEM +/- .435.

Analysis on the basis of gender concluded that 32.85% (n=45) of total males had a
deficient serum 25(OH)D level (<20 ng/mL). 28.77% (n=162) of total females had a deficient
serum 25(OH)D level (<20 ng/mL). Although the gender difference of deficient and sufficient
serum 25(OH)D levels was not statistically significant (p=0.056), separating by gender the levels
greater than 30 ng/mL (sufficient) and below 30 ng/mL (sub-optimal) resulted in a statistically

significant value (p=0.023). We found that there was no statistically significant relationship



among serum 25(OH)D and age of the patient, although the primary focus of the study was not to

compare patient age and serum 25(OH)D level (GRAPH 2.).
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Treatment of Vitamin D Deficiency

There are several ways to correct vitamin D deficiency (serum 25(OH)D <20 ng/mL),
including increasing exposure to sunlight or increasing dietary intake of vitamin D (19). When
sunlight exposure is great, dietary intake of vitamin D is less important; conversely, when
sunlight exposure is deplete, the opposite is true. Thus, it becomes more difficult to fulfill an
individual's vitamin D requirement through diet alone (20).

In addition to ignoring foods rich in vitamin D, people choose to deprive themselves of
the best source of vitamin D — sunlight (8). When most of the world's population lived in or

near the equator, there was little or no vitamin D deficiency. It is estimated that these peoples'
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exposure to sunlight resulted in production of 10,000 to 20,000 IU of vitamin D each day. More
recently, however, larger numbers of people live in higher latitudes, where solar-UV exposure is
insufficient to fuel vitamin D production. This is exacerbated by concerns about sunburns and
skin cancer, prompting increasing numbers of people — even at these higher latitudes — to wear
sunscreen and/or sun-blocking clothing (14).

Dr. Holick (8) personally recommends exposing approximately 25.0% of the body to
sunlight and getting 25-50% of one’s IMED (minimal erythemal dose when the skin turns pink)
two to three times a week throughout the year when vitamin D can be produced. Vitamin D
inadequacy can be prevented by exposure to direct sunlight for as little as five to ten minutes on
the arms and legs between 10 am and 3 pm during the spring, summer and fall (11). However,
during the winter above the 37°N and below 37° S there is insufficient UV exposure to fuel
adequate production of vitamin D; thus, it is important to increase the storage of vitamin D in
non-winter months (8, 11).

For patients with a low serum 25(OH)D level (<30 ng/mL), short-term treatment with
high doses of vitamin D is safe (21). An oral dose of 50,000 [U/week of vitamin D> for eight
weeks can prove helpful in treating vitamin D deficiency. In some cases, an additional eight-
week course of 50,000 IU/week of vitamin D> may be needed to boost the levels into the
sufficient range of 30-50 ng/mL (11). It has been estimated that the body uses on average
3,000-5,000 IU of vitamin D3 each day and in the absence of sunlight exposure 1,000 IU is
needed to maintain a sufficient serum 25(OH)D level (>30 ng/mL) (6). In patients at risk for
vitamin D deficiency, preventative measures such as dietary supplements or outdoor activity

regiments may also be necessary (22).
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However, it is also important to note any differences between vitamin D deficiency and a
resistance to 1,25-dihydroxyvitamin D;. Vitamin D deficiency can be corrected by supplements
of 1,000 IU daily of plain vitamin D, whereas resistance to 1,25-dihydroxyvitamin D3 requires
active vitamin D analog therapy to correct high serum PTH and calcium malabsorption (23).

Under severe circumstances vitamin D toxicity may occur. Excessive vitamin D intake
can be associated with pain, conjunctivitis, anorexia, fever, chills, thirst, vomiting, and weight
loss, which are due to hypercalcemia (24). Most instances of toxicity have involved serum 25
(OH)D levels well above 80 ng/mL (25). Risks come from dietary supplementation because
vitamin D toxicity cannot develop from natural sunlight exposure or tanning beds (8). All cases
of documented toxicity were with intake of greater than 40,000 IU per day of vitamin D (25).
Recommendations for Vitamin D Supplementation

We documented a high prevalence of sub-optimal vitamin D levels in our patient
population. We recommend treating patients whose levels of vitamin D are deficient and sub-
optimal. We strongly suggest a more aggressive approach to screening patients, especially during
the winter. We feel that it is necessary to reconsider the daily dose of vitamin D. Table 1 is an

account of the current IU values of vitamin D from various foods.

Table 1. Food Sources of Vitamin D

Vitamin D
Foud Serving Iy
Cod liver ofl 1 TBS 1360
Salmon, canned, pink Joz 360
- - - Sardines, canned oz 250
TABLE 1. Vitamin D and Diet Maskeod. ommed 302 214
Martini LA, Wood RJ (2006) Vitamin D Status and the | Tuna, canned Joz 200
Metabolic Syndrome. Nutr Rev 64(11): 479-86. Milk, fortified 1 cup 100
Orange juice, fortified | cup 100
Margarioe, fortified 218 50
Cereal, fortified 1 cup 40
Liver, beef, cooked 3502 30
Egg 1 whole 20
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Dr. Holick believes that 400 IU/day is insufficient for the current needs of the population
and instead suggests a minimum dose of 1,000 [U/day. In cases where the patient has had
deficient levels of vitamin D (<20 ng/mL) for an extended period of time, it is safe to administer
4,000 IU/day for three months or 50,000 [U/week for two months without any toxicity occurring
(11). Additionally, several researchers recommend daily values of vitamin D supplementation at
1,000 IU or greater if sunlight exposure is unavailable (10, 12, 25, 26). Dr. Cedric Garland and
fellow researchers have reported that the cost of a daily dose of vitamin D3 of 1,000 IU is less
than five cents; therefore, cost should not be an issue in considering vitamin D supplementation
(27).

Research has pointed to higher recommended daily levels of vitamin D. Dr. Reinhold
Vieth and fellow researchers at Mount Sinai Hospital have recommended that a dose of 4,000 TU/
day produces significant improvements in the well being of patients, and this supplementation
value will ensure sufficient levels of vitamin D (25). 5,000-10,000 U/day for three months has
also been supported for vitamin D supplementation (27).

In addition, patients are encouraged expose their skin to the sun for approximately five to
fifteen minutes several times a week during appropriate times of the year. In severe cases where
the individual is unable to spend periods of time outdoors, a light box may be recommended (8).

At Fort Wayne Endocrinology, we begin with 5,000 IU/day vitamin D supplementation if
the serum 25(OH)D level is between 20-30 ng/mL, and 10,000 IU/day supplementation of
vitamin D if the serum 25(OH)D level is less than 20 ng/mL. Blood levels are monitored in two
to three months with the goal of keeping the serum 25(OH)D level between 40-80 ng/mL. PTH

levels are checked in six months and then on an annual basis.
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CONSEQUENCES OF VITAMIN D DEFICIENCY
Parathyroid Hormone (PTH)

When vitamin D is sub-optimal (<30 ng/mL) calcium and phosphorus homeostasis
becomes impaired in the body. Because vitamin D is primarily responsible for regulating the
intestinal absorption of calcium, when there is less vitamin D, the absorption of calcium
decreases and the necessary calcium requirements are not met for metabolic functions and
neuromuscular activity; hence, the body responds by producing and releasing PTH to stimulate
calcium production. Increasing PTH increases tubular reabsorption of calcium in the kidneys,
increasing mobilization of bone calcium, enhancing 1,25-dihydroxyvitamin D3 production (11).

In the presence of low vitamin D levels, PTH levels rise to ensure that the serum calcium
level is maintained by activating osteoclastic activity, releasing calcium from the skeleton (28).
PTH increases circulating levels of 1,25-dihydroxyvitamin D3 by increasing the renal expression
of 25-hydroxyvitamin Ds3-1a-hydroxylase gene, therefore increasing calcium absorption (29).
Because of the important role that vitamin D plays in calcium and phosphorus homeostasis and
skeletal health, impaired calcium metabolism due to a low serum 25(OH)D level can cause
secondary hyperparathyroidism, increased bone turnover, and progressive bone loss (11). Bone
turnover and increased bone loss occur when the balance between bone resorption and formation
is negative (20).

The threshold of serum 25(OH)D that separates vitamin D sufficiency from a sub-optimal
level is defined by an increase in serum PTH secretion and conversion of 1,25-dihydroxyvitamin
D3 from serum 25(OH)D (28). Under normal circumstances, 1,25-dihydroxyvitamin D3

production is regulated by negative feedback until vitamin D deficiency becomes evident (20).



Some researchers also contend that the optimal serum 25(OH)D level is when serum PTH is
lowered at concentrations of approximately 32 ng/mL, although the range can be 30-44 ng/mL
(13). In a study of women with systemic lupus erythematosus and fibromyalgia, serum PTH
levels were stimulated at less than 20 ng/mL (30).

Thyroid Autoimmune Disease

Thyroid function influences serum 25(OH)D level (31). An excess of thyroid hormones,
as in the case of a patient suffering from hyperthyroidism, stimulates bone resorption, increasing
serum concentrations of calcium and phosphorus, as well as suppressing PTH secretion. These
changes result in a decreased concentration of 1,25-dihydroxyvitamin D3, which explains why
absorption of calcium in the intestine is low. The opposite effect is true in hypothyroidism (32).

There is strong evidence to support the direct action of 1,25-dihydroxyvitamin D3 target
cells on pituitary thyrotropes, suggesting a central regulation of calcium homeostasis. This may
influence the secretion of TSH, which in turn regulates T4 secretion. T4 has shown a synergistic
effect with vitamin D for calcium homeostasis while 1,25-dihydroxyvitamin D3 has an inhibitory
influence on PTH secretion (33).

An alteration in thyroid hormone secretion leading to hyperthyroidism or hypothyroidism
in pre-pubertal children is associated with dramatic changes in skeletal growth and maturation.
The inverse correlation between the calcium, phosphorus and 1,25-dihydroxyvitamin D3 may
suggest that the effect of excess thyroid hormones may be mediated by changes in these
regulating factors secondary to bone mobilization (34).

Hyperthyroidism occurs when there is an overproduction of thyroid hormones which are

responsible for the main symptoms of Graves’ disease. Graves’ disease symptoms include an
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increased body metabolism, thyroid gland inflammation that many times results in the growth of
a goiter, and the autoimmune stimulation is also responsible for the protrusion of the eyes (35).
Elevated metabolic clearance of 1,25-dihydroxyvitamin D3 may contribute to the lower levels of
circulation in the blood (34).

15 patients whose serum 25(OH)D levels were assessed presented with Graves’ disease.
26.67% of these individuals were vitamin D deficient (<20 ng/mL). 46.67% of this group were
vitamin D sufficient (>30 ng/mL). Dr. Hiroyuki Yamashita and researchers from Noguchi
Thyroid Clinic and Hospital Foundation report that they observed low serum 25(OH)D levels in
Graves’ disease patients with a mean concentration of 41 mol/L in males and 32 mol/L in
females (31). Our findings resulted in a mean concentration of 28.67 ng/mL +/- 15.94 for males
(n=2) and 30.49 ng/mL +/-13.547 for females (n=13).

Hashimoto’s thyroiditis is a chronic inflammatory autoimmune disease of the thyroid
gland. Inflammation occurs when an autoimmune process destroys the thyroid gland leading to
an insufficient level of thyroid hormones (36).

A total of 141 patients whose serum 25(OH)D level was assessed in our study presented
with Hashimoto’s thyroiditis. 46 of the patients within this subset (32.62%) had a deficient level
of vitamin D (<20 ng/mL). An equivalent number of 46 patients also had sufficient levels of
vitamin D (>30 ng/mL).

Osteoporosis

Osteoporosis is marked by a decrease in bone mass and deterioration of the integrity of

bone tissues, leading to less bone strength and an increased risk for fractures. The two forms of

osteoporosis include postmenopausal and senile (23). Bone turnover depends on PTH activity
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and in turn this increases bone loss when the balance between bone resorption and formation is
negative. This is usually the case in vitamin D deficiency.

It is well recognized that calcium intake is important for optimal bone health, especially
in women. The formation of 1,25-dihydroxyvitamin D3 also depends on calcium intake; it
increases with low intake of calcium and decreases with a higher intake of calcium. The calcium
is absorbed in the small intestine and the absorption of calcium may be lower if the patient is in a
vitamin D deficient state, indicating that these two substances complement each other (20).

Vitamin D is most responsible for maintaining a healthy, mineralized skeleton, ensuring
that blood and the extracellular concentrations of calcium and phosphorus are sufficient for
deposition of calcium hydroxyappatite in the matrix that has been laid down by the osteoblasts.
Vitamin D is also similar to estrogens and bisphosphonates because all inhibit bone resorption,
important in preventing the effects of osteoporosis (38).

Age may also have an effect on vitamin D status and the development of osteoporosis.
For example, a 70-year old person has ~25.0% of the capacity to produce vitamin D3 than a
healthy young person (6). Calcium absorption from the small intestine decreases with age due to
a resistance of the vitamin D receptors; however, Dr. Paul Lips of the Vrije Universiteit Medical
Center states that the decrease of calcium absorption with aging is partly independent of vitamin
D (39). The production of 1,25-dihydroxyvitamin Ds in the kidney is impaired in the elderly,
indicating another possible form of deficiency (23). The hydroxylation of vitamin D3 in the liver
to 25(OH)D is usually not limited with aging except in liver disease; further hydroxylation in the

kidney may be impaired in a patient with renal disease (20).
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More elderly patients may require a more aggressive form of vitamin D supplementation
to prevent fractures and falls (15). One study demonstrated that hip fractures may be more
frequent among elderly who are vitamin D deficient rather than those who are vitamin D
sufficient (39, FIG 2.). Calcium and vitamin D supplementation should be the first therapeutic

strategy to treat osteoporosis (40).
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Our study included 24 patients who were diagnosed with osteoporosis. There were 22
females and 2 males. 27.27% of the women had a serum 25(OH)D level less than 20 ng/mL.
18.18% of the women had a serum 25(OH)D level less than 30 ng/mL. The average age of the
22 females was 58.41 +/- 11.9 years.

Pain Syndromes

Muscle weakness and pain is also common among the vitamin D deficient patients.
Hypovitaminosis D myopathy is a prominent symptom of vitamin D deficiency. Often, until
patients are unable to walk or rise from a squatting position unaided, they will not complain of
muscle weakness. With nonspecific symptoms such as diffuse muscle pain or deep bone pain,
patients may be diagnosed with polymyalgia, fibromyalgia or malignant diseases, when the
underlying cause is vitamin D deficiency (41).

Drs. Saud Al Faraj and Khalaf Al Mutairi of the Departments of Medicine and Spinal
Surgery in Riyadh Armed Forces Hospital noted in their study of 360 Saudi Arabians that 83.0%
were found to have a low serum level of 25(OH)D before vitamin D supplementation when this
condition improved in 95.0% of cases on supplementation. Low back pain is a well-recognized
presentation of vitamin D deficiency (42). Likewise, another study reported the prevalence of

deficiency was astoundingly high in a population of nonelderly, nonhousebound, primary care
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outpatients suffering from persistent, nonspecific musculoskeletal pain: 93.0% had deficient
levels of vitamin D (<20 ng/mL) that did not depend on immigrant status, sex, race or season
(43).

In our study, 22 females and 1 male presented with fibromyalgia or chronic fatigue.
68.18% of this subset had a serum 25(OH)D level that was below 30 ng/mL, categorizing them
as having sub-optimal or deficient vitamin D.

Diabetes Mellitus

In glucose-tolerant patients, B cells compensate for the insulin resistance to maintain the
plasma glucose concentration within a narrow range. Dr. Ken Chiu fellow and researchers at the
University of California Los Angeles School of Medicine found an inverted and independent
relation of serum 25(OH)D level with plasma glucose concentrations at fasting and different time
intervals (44).

Research has also established that the presence of 1,25-dihydroxyvitamin Ds is essential
for normal insulin release by in part increasing transmembrane calcium movement in the islet
cells (45). Insulin secretion was impaired in the vitamin D deficient pancreas and improved by
dietary repletion because the synthesis of numerous proteins decreases during vitamin D
deficiency and is restored during repletion. Vitamin D facilitates the biosynthetic capacity of
cells and increases the conversion of proinsulin to insulin (44).

In our study there were 13 males and 10 females with type 1 diabetes mellitus and 35
males and 57 females with type 2 diabetes mellitus. 55.56% of the male patients with type 1
diabetes had deficient levels of vitamin D (<20 ng/mL), while 50.0% of the female patients with

type 1 diabetes had deficient levels of vitamin D (<20 ng/mL).
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According to our results with respect to patients in the study with type 2 diabetes
mellitus, although the results comparing males to females was not statistically significant
(p=0.22), 40.0% of the male and 52.63% of the female patients in this category had deficient

serum 25(OH)D levels (<20 ng/mL) (GRAPH 3).

GRAPH 3 : Vitamin D Deficient Diabetic Patients
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51.0% — -
48.0% | | |
45.0% | |
42.0% — —
39.0% — -
36.0% — -
33.0% — L]
30.0% — -
27.0% — -
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|[EType2 DM 40.00% 52.63%
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Metabolic Syndrome

Metabolic syndrome is a spectrum of obesity-related health risks that increases the
probability of developing diabetes, coronary artery disease and stroke (46). Recent evidence
suggests that a low serum 25(OH)D level is associated with an increased risk of developing
metabolic syndrome. Data extrapolation from one study indicated that increasing the serum 25
(OH)D from 10 to 30 ng/mL can improve insulin sensitivity by 60.0%, and this improvement
could potentially eliminate the burden on [ cells and reverse abnormal glucose tolerance (44).

Results from the NHANES III (Third National Health and Nutrition Examination Survey)

report that the mean serum 25(OH)D level in patients that have metabolic syndrome was 26.84
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ng/mL. This is significantly lower than patients without metabolic syndrome, whose levels of
serum 25(OH)D were 30.36 ng/mL (2). According to our research, 6 males and 21 females
presented with this syndrome. Those affected with metabolic syndrome had a mean serum 25
(OH)D level of 23.93 ng/mL. For the patients in our study who did not have metabolic
syndrome, the mean serum 25(OH)D level was 26.90 ng/mL.

Cancer Risk

Many studies have found a positive correlation between sufficient levels of vitamin D and
a lower risk for developing certain types of cancers (26). Researchers believe that 1,25-
dihydroxyvitamin D3 helps regulate cell growth and thus decrease proliferative activity, not only
in cancer cells (including breast cancer, colon cancer, prostate cancer and lung cancer) but also in
a wide variety of normal tissues (6).

Vitamin D and its metabolites reduce the incidence of many types of cancer by inhibiting
tumor growth, stimulating adherence of cells and enhancing the communication through gap
junctions strengthening their inhibition of growth (26). It has been suggested that if a cell
becomes malignant, 1,25-dihydroxyvitamin D can induce apoptosis and prevent angiogenesis so
the malignant cell will not survive. Once this is completed, 1,25-dihydroxyvitamin D destroys
itself, stimulating the CYP24 gene to produce inactive calcitroic acid that will not enter
circulation to influence calcium metabolism (47).

A recent study of 115,096 cases and 45,667 deaths from breast, colon or prostate cancer
diagnosed between 1964 and 1992 in Norway found a 30.0% reduction in fatality rates for these

cancers when vitamin D levels were assessed in the summer or fall, rather than during the winter
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when vitamin D levels are lower. This suggests that a higher level of vitamin D at the time of the
diagnosis and possibly during cancer treatment may improve prognosis of these cancers (11).

In the NHANES I (First National Health and Nutrition Examination Survey)
Epidemiologic Follow-up Study, researchers found that among women living in areas of high
solar radiation, several measures of sunlight exposure and dietary vitamin D intake resulted in a
25-65% reduction in the risk for developing breast cancer. Further, 20 out of 30 studies of colon
cancer or adenomatous polyps found that vitamin D (as well as its metabolites, exposure to
sunlight or another marker of vitamin D status) had a statistically significant benefit on both
cancer risk or mortality and incidence of polyps (26).

Prostate cancer is the second most fatal cancer in American men, and the American
Cancer Society estimates that 1 in 6 American men will be afflicted with prostate cancer during
their lifetimes. There is evidence to support the protective role of vitamin D, including the
vitamin D receptor and the antiproliferative, apoptotic and prodifferentiation activities of 1,25-
dihydroxyvitamin D and its analogs in vitro and in vivo (48). Another study conducted on
vitamin D and prostate cancer demonstrated that UV radiation had a significant protective effect
in prostate cancer. It showed that cancer patients with the lowest quartile of sun exposure
developed cancer at a median age of 67.7 years compared to 72.1 years for other patients (49).
COMMENTS

There are some limitations to our study that we would like to mention. We explained the
importance of calcium and PTH on several physiologic functions regarding vitamin D. Patients
who present to Fort Wayne Endocrinology do not have their calcium or PTH levels assessed

during initial screening.

23



In addition, we were unable to note the race of patients within the study because this
demographic information was unavailable. Dr. Diana Rucker (15) and fellow researchers at the
Medical Science, Medicine and Community Health Sciences University of Calgary note that
people with darker pigmented skin would likely have a reduced mean serum 25(OH)D level.

Finally, we would like to point out that based on assigned values of vitamin D deficient,
sub-optimal and sufficient, patients who presented to the practice who are below sufficient levels
of vitamin D (<30 ng/mL) will be treated with vitamin D supplementation therapy to increase the
serum 25(OH)D level to an optimal range.
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