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ABSTRACT 

Background: Vitamin D insufficiency is common both before and after bariatric 

surgery.  There are many factors that complicate prevention and treatment of 

vitamin D insufficiency and only a few studies have evaluated the adequacy of 

vitamin D supplementation. 

Methods: A total of 32 severely obese subjects were randomly assigned to receive 

100,000 IUs of ergocalciferol monthly after bariatric surgery (vitamin D group; 

n=10) or no additional vitamin D after bariatric surgery (control group; n=22).  All 

patients received a multivitamin and calcium + vitamin D supplements containing 

1600-2000 IUs.  The Body Mass Index (BMI) was calculated, by using the subjects 

measured height and weight, and serum 25 (OH) D, calcium, and hemoglobin A1c 

levels were measured preoperatively and 1 year after bariatric surgery.  

Questionnaires were used to assess other information on sun exposure, vitamins, 

medications, and any other supplement usage before each blood sample was taken. 

Results: At 1 year after bariatric surgery, a significant increase was seen in mean 

serum 25 (OH) D levels (26.1 ± 9.23 versus 38.53 ± 16.75 ng/mL; p=0.046) in the 

vitamin D group receiving additional 100,000 IUs ergocalciferol per month.  There 

was also a significant difference in 1 year post-op mean serum 25 (OH) D levels 

between the control and vitamin D groups (24.55 ± 8.87 versus 38.53 ± 16.75 

ng/mL; p=0.004).  No subject had serum calcium levels out of normal reference 

range and there were no cases of hypercalcemia. 
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Conclusion: The findings of this study showed 100,000 IUs ergocalciferol once a 

month is a safe and effective treatment for vitamin D deficiency and insufficiency in 

most patients having bariatric surgery. 
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CHAPTER ONE 

INTRODUCTION 

     Vitamin D deficiency is prevalent among severely obese populations and those 

having bariatric surgery.  In fact, 60-80% of severely obese patients have been 

documented as having inadequate vitamin D status, serum 25 (OH) D level of <50 

nmol/L (20ng/mL) preoperatively.57  Other documentation shows 50-80% of 

patients have vitamin D deficiency following bariatric surgery.26  The definition of 

vitamin D insufficiency is serum 25 (OH) D between 30-50 nmol/L (12-20 ng/mL) 

and vitamin D deficiency is serum 25 (OH) D<30nmol/L (<12 ng/mL).59 

     Evidence suggests that obesity on its own is a risk factor for vitamin D deficiency.  

Current research also suggests that low 25 (OH) D status in obese patients has an 

inverse association with 25 (OH) D, body weight and adiposity, adding to the 

growing evidence for a higher vitamin D requirement in obesity patients.14  The 

exact mechanism for vitamin D deficiency in severe obesity is not known.  Some 

researchers suggest the cause as the sequestration of vitamin D in adipose tissue, 

resulting in a decrease in bioavailability.50 

     The rate of obesity has doubled from 15% to more than 30% over the past 25 

years.19  As the prevalence of obesity increases, the number of bariatric procedures 

continues to rise.49  There were 220,000 bariatric surgeries performed in 2008, 

compared with 205,000 in 2007 and it is estimated that around 200,000 bariatric 

surgeries are performed each year in the U.S.6  The Roux-en-Y gastric bypass 
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procedure is the most common bariatric procedure performed in the United States, 

because it combines both a restrictive and malabsorptive state for weight reduction.  

The biliopancreatic diversion with duodenal switch is a bariatric procedure with an 

even greater degree of malabsorption.74  As a result, postoperative intestinal 

malabsorption of calcium and vitamin D has been documented.71 

     The principal site for active calcium absorption is the duodenum and proximal 

ileum, while vitamin D absorption takes place primarily in the jejunum and ileum.  

The bilopancreatic diversion with duodenal switch involves bypassing 60% of the 

intestines and fat-soluble vitamin absorption is affected.74  Even though gastric 

bypass does not affect the sites of vitamin D absorption, it is suggested that Roux-

en-Y anastomosis decreases absorption of fat-soluble vitamins due to poor mixing 

with the bile salts.49  After bariatric surgery, absorption is compromised, dietary 

intake is reduced, and supplements are usually required to maintain adequate 

serum levels of vitamin D.50 

     Severely obese patients undergoing bariatric surgery may face a double threat to 

their bone health- an underlying risk of vitamin D depletion and an operation that 

bypasses the major site of calcium absorption.17  Even when taking recommended 

amounts of vitamin D supplements that would restore normal serum vitamin D 

levels in non-obese individuals, poor status persists in bariatric surgery patients.  

Two recent studies support use of even higher doses of vitamin D to facilitate 

maintenance of normal vitamin D status after bariatric surgery.17 
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     Carlin et al. reported that 50,000 IU of vitamin D (ergocalciferol) in a weekly dose 

corrected vitamin D depletion in most gastric bypass subjects, attenuated cortical 

bone loss, and improved hypertension.15  This study also noted that serum 25 (OH) 

D levels nearly doubled within 3 three months after surgery, with no additional 

increase at six or twelve months. 

     Goldner et al. evaluated vitamin D supplementation at 800, 2000, and 5000 IU of 

cholecalciferol (D3) per day in gastric bypass patients and concluded that the 

highest dose resulted in the best improvement of serum 25 (OH) D (mean increase ± 

SD 26.4±16.9 ng/mL; highest value 52 ng/mL) without causing any cases of 

hypercalcemia.25 

     The studies using over the counter vitamin D supplementation often times used 

ergocalciferol rather than cholecalciferol throughout their treatment.  Based on 

previous studies it has been shown that cholecalciferol may provide a fast and larger 

increase in serum 25 (OH) D than ergocalciferol.25  At the inception of this study; 

however, the only high dose vitamin D supplement was ergocalciferol. 

     The current protocol for bariatric surgery patients at the office of Dr. David Syn, 

MD in Lubbock, TX requires the patients to take 1600-2000 IUs of vitamin D per day 

(200 IUs/pill) as well as 1600-2000 mg per day of calcium (200 mg/pill) 

supplement in addition to the vitamin D in their multivitamin supplement.  Due to 

the small gastric pouch created in the bariatric surgery, subjects have difficulty 

swallowing large pills and multiple pills at once and thus, the multiple daily doses 

are used.  This protocol requires diligence on the part of the subject and many 
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people fail to take an adequate number of tablets per day.  Even in many of those 

who are compliant, serum vitamin D levels fail to rise to acceptable levels. 

 

Specific Aims 

 To determine if serum 25 (OH) D levels are improved by the consumption of a 

monthly ergocalciferol supplement by subjects after bariatric surgery. 

 To determine if an average daily dose of 3333 IUs of vitamin D is enough to 

sustain an increase in serum 25 (OH) D levels to normal range (30-100 ng/mL) 

in bariatric surgery patients. 

 

Hypothesis 

 Bariatric surgery subjects taking a monthly oral dose of ergocalciferol of 

100,000 IU in addition to standard therapy of 1600-2000 IUs cholecalciferol 

per day will have significantly higher serum 25 (OH) D levels than subjects 

taking the standard vitamin D therapy alone. 

 

Significance 

     It is well established that serum levels of vitamin D rise with supplementation but 

the optimal protocol to achieve normal vitamin D status in the bariatric surgery 

population is not clearly defined.73  A once a month treatment program with high dose 
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ergocalciferol has the potential to improve compliance in ingesting the vitamin D and 

result in increases in serum 25 (OH) D levels. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

Vitamin D 

     Many life forms depend on sun exposure to obtain their vitamin D requirments.34  

The consequence of little sunlight leading to rickets in children was first recognized 

h*by Sniadecki in 1822.34  It took a century to associate exposure to ultraviolet B 

radiation (UVB; 290-315 nm) with a prevention and treatment for rickets.34  From 

that point, recommendations began for parents to expose their children to 

appropriate sunlight to prevent bone-deforming rickets.34  Also in the 1930s, 

fortifying milk with 100 IUs vitamin D2 per 8 oz was effective in addressing rickets 

in the United States and Europe.34  In the past 15 years, much research has been 

done to better understand the function and role of vitamin D in body tissues, 

systems and organs.31 

     A family of compounds that possess anthracitic activity can describe the role of 

vitamin D.  Although considered a fat-soluble vitamin, the typical vitamin definition 

does not apply to vitamin D due to the body’s ability to produce cholecalciferol.47  

The actual role of vitamin D is that of a prohormone; the active form of vitamin D 

once metabolized , functions as a steroid hormone.47  Instead of behaving like a 

vitamin, the substance behaves like a prohormone resembling corticosteroids, 

vitamin A (trans-retinoic acid), and thyroid hormone.  The endogenous prohormone 
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vitamin D3 is naturally produced in the skin through the conversion of the 

provitamin D (either 7-dehydrocholesterol or ergosterol), a relatively rigid four-ring 

structure embedded in the lipid bilayer of the plasma membranes of both epidermal 

keratinocytes and dermal fibroblasts .44  Both 7-dehydrocholesterol and ergosterol 

contain double bonds at the 5-6 and 7-8 positions in the B ring.  Irradiation of 290 to 

315 nm, the previtamin D3 (precholecalciferol) or provitamin D2 (pre-ergocalciferol; 

from plant sources) is produced through the opening of the B ring.  Previtamin D3 

and provitamin D2 undergo thermal isomerization to the more stable vitamin D3 

(cholecalciferol) or D2 (ergocalciferol), respectively, which are removed from the 

lipid bilayer and released into the extracellular space.35  The vitamin D–binding 

protein in the dermal capillary bed transports vitamin D3 or vitamin D2 into the 

circulatory system.  The conversion pathway of cholecalciferol to its active form of 

vitamin D is a similar process to that of ergocalciferol when it is absorbed from the 

gut.35 
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Figure 1. Structures of vitamin D2 and D3 

 

Types of Vitamin D: D2 vs. D3 

     The two most prominent dietary forms of vitamin D consist of ergocalciferol 

(vitamin D2) and cholecalciferol (vitamin D3).47  Ergocalciferol is usually 

supplemented into food products due to it being a derivative from the plant steroid 

ergosterol.  Ergocalciferol (also referred to as vitamin D2 or calciferol), is derived by 

radiating fungus.  It is not the naturally occurring vitamin D for humans.  Fungus 

contains fat-like substances called sterols which are commercially irradiated to form 

ergocalciferol.  The second form of vitamin D mentioned, cholecalciferol, is the form 

http://www.vitamindcouncil.org/reference/glossary-E.shtml#ergocalciferol
http://www.vitamindcouncil.org/reference/glossary-S.shtml#sterol
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of vitamin D obtained from the sun by converting the precursor 7-

dehydrocholesterol into vitamin D3.47  It is also available in pill form as a vitamin D 

supplement. 

     Ergocalciferol is available to U.S. doctors in prescription strength and is 

sometimes used in multivitamin preparations—usually at 400 IUs per pill.  Doctors 

can write a prescription for up to 50,000 units of ergocalciferol, brand names 

Drisdol, which was used in this study.  Now there is also cholecalciferol in 50,000 

units in an over-the-counter supplement, brand name Replesta.  This supplement 

was not available at the time this study began. 

     Ergocalciferol is metabolized to various substances in the body, some of which 

are not normally present in humans, although these metabolites have never been 

shown to be dangerous.  There is also some evidence that ergocalciferol is more 

toxic in overdose, which is curious as it is only about half as potent as the naturally 

occurring vitamin D, cholecalciferol.  The human body also metabolizes 

ergocalciferol more quickly than cholecalciferol.40 

     There is conflicting research as to whether vitamin D2 is less effective than D3 in 

maintaining 25 (OH) D levels.  One study reported that among healthy adults, where 

60% of subjects were vitamin D deficient, when given 1000 IUs vitamin D2 or 1000 

IUs D3 daily both groups had similar increases in 25 (OH) D levels.33  However, in 

another study conducted with 33 healthy adults given 50,000 IUs vitamin D2 or 

50,000 IUs vitamin D3 weekly for 12 weeks, vitamin D3 supplementation had 

http://www.vitamindcouncil.org/reference/glossary-M.shtml#metabolism
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approximately 87% more potent in raising and maintaining 25 (OH) D levels and 

produced a 2-3 fold greater storage of vitamin D compared to vitamin D2. 

Supplementation30  Another study supported vitamin D3 being more effective than 

vitamin D2 in 20 male volunteers given a single dose of 50,000 IUs vitamin D2 or 

50,000 IUs vitamin D3.  The researchers concluded that vitamin D2 potency was less 

than one third of that of vitamin D3.7 

 

25 (OH) D vs 1, 25 (OH)2 D Levels 

     Vitamin D in any form is hydroxylated in the liver to 25 (OH) D, which is also 

known as calcifediol or calcidiol.63  25 (OH) D is further hydroxylated in the kidney 

and produces the active form of vitamin D as 1, 25 (OH)2 called calcitriol.63  Even 

though 1, 25 (OH)2 D is the active metabolite of vitamin D, it is not the accurate 

indicator of vitamin D status because its half-life is relatively short (~15 h) and its 

levels are affected by both parathyroid hormone (PTH) and calcium.63  1, 25 (OH)2 D 

levels can remain normal even elevated in vitamin D deficiency due to secondary 

hyperparathyroidism.  With 25 (OH) D, the half-life is 2-3 weeks, and it can arise 

from hydroxylation of either vitamin D2 or vitamin D3.63  This metabolite reflects 

vitamin D from sun exposure and dietary consumption.57  Therefore it is considered 

the better indicator of vitamin D status in the body.63 

 

Vitamin D Functions 
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     The important role of maintaining calcium and phosphorus homeostasis together 

with two peptide hormones, calcitonin and the parathyroid hormone (PTH), is a 

major function of vitamin D.47  The major biological function of the fat soluble 

vitamin D is to maintain normal levels of calcium and phosphorus by promoting 

calcium absorption.  This is also known as the canonical function and is conducted 

via the endocrine pathway.  Research shows that calcium absorption is directly 

related to serum 25 (OH) D levels.  In healthy adults, serum 25 (OH) D levels of 80 

nmol/L (32 ng/mL) show a plateau effect for calcium absorption fraction.31  When 

levels drop below 80 nmol/L (32 ng/mL), calcium absorption may decrease and 

begin to depend on both 25 (OH) D and 1, 25 (OH)2 D (calcitriol).31  This is due to an 

increase in PTH that is associated with a decrease in intestinal calcium absorption.34  

The parathyroid hormone helps with calcium reabsorption and kidney production 

of calcitriol.  One study compared, participants with 25 (OH) D concentrations 

averaging 86 nmol/L (34 ng/ml) absorbed almost 70% higher efficiency than did 

the same women studied at 50 nmol/L (20 ng/ml).31 

     Vitamin D interacting with vitamin D receptors increases calcium intestinal 

absorption to 30-40% and phosphorus absorption to 80%.34  According to Holick, 

one study showed vitamin D levels to be directly related to bone mineral density in 

both women and men and many races.34  It also stated that maximum density was 

reached when 25 (OH) D levels were 40 ng per milliters or above and levels 30 ng 

per milliliters or below showed decrease in calcium absorption in the intestines, 

which lead to secondary hyperparathyroidism.34  Parathyroid hormone also plays a 
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role in osteoblast activity, which matures preosteoclasts to osteoclasts.34  

Osteoclasts are responsible for bone demineralization leading to osteopenia, muscle 

weakness and falls, osteoporosis, and increased risk of fracture.34  Vitamin D has a 

specific effect on osteoclasts.  Wimalawansa reported evidence that osteoclast 

differentiation could not occur in the presence of 1, 25 (OH)2 D but could do so in 

the presence of PTH and interleukin-1α.81 

     Much of the research being done in vitamin D reveals that supplementation 

improves these risks as evidenced by a decline in serum PTH levels, alleviates 

secondary hyperparathyroidism, decreases bone turnover, helps muscle function, 

reduces falls in advanced aged individuals, and reduces risks of hip and other 

fractures associated with osteoporosis.81  Maintaining adequate vitamin D status is 

crucial for bone health. 

     Studies suggest that vitamin D plays important roles other than bone health; 1, 25 

(OH)2 D is important for immune and stress response, muscle function, melanin 

synthesis, and insulin secretion.47  Brain, prostate, breast, and colon tissues, are a 

few, as well as immune cells have vitamin D receptors and are affected by 

calcitriol.34  Some of these tissues and cells have the capacity to stimulate calcitriol 

production via expression of the enzyme 25 (OH) D-1α-hyroxylase.34 

     Calcitriol is involved in more than 200 gene expression, including genes 

responsible for the regulation of cellular proliferation, differentiation, apoptosis, 
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and angiogenesis.34  It decreases cellular proliferation in normal cells as well as 

cancerous ones and causes their terminal differentitation.34 

     Research has suggested that vitamin D deficiency and increased cancer risks are 

associated.36  People exposed to more sunlight throughout their lives were less 

likely to develop certain types of cancer.36  Some research supports the notion that 

adults with 25 (OH) D levels of <50 nmol/L (20 ng/mL) who were followed for up to 

19 years had a 30-50% increased risk of developing colorectal, breast, prostate, and 

many other types of cancer.36  A meta-analysis demonstrated that taking 1000 IUs 

vitamin D3 daily would improve risks of colorectal and breast cancer by as much as 

50%.36 

     Having less sun exposure has been associated with increased risk of both type I 

diabetes and hypertension.36  One study showed children who received 2000 IUs 

vitamin D daily during their first year of life and followed for 31 years had 

decreased risk of developing type I diabetes by 78% when compared with children 

not supplemented.36  One study performed with hypertensive patients who spent 

time in a tanning bed raised their 25 (OH) D concentrations by 180% in 3 months 

and became normotensive.36 

     Vitamin D insufficiency and deficiency may have a negative effect on the 

cardiovascular system.80  Its role involves suppressing renin gene expression that 

regulates the growth and proliferation of vascular smooth muscle cells and 

cardiomyocytes and inhibits cytokine release from lymphocytes.80  Studies have 
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demonstrated associations between abnormal vitamin D levels and plasma renin 

activity, blood pressure, coronary artery calcification and prevalent cardiovascular 

disease.80 

     Vitamin D can be involved in modulating factors that influence adipogenesis.82  

Cell type specific differentiation, specifically mesenchymal stem cell, is regulated by 

different factors and determines if the cell undergoes adipogenesis, osteogenesis, or 

myogenesis.82  Some research suggests that as pre-adipocytes differentiate into 

mature adipocytes vitamin D and the vitamin D receptor (VDR) may play an 

important role in adipogenesis.82  Inadequate vitamin D levels could inhibit lipid 

synthesis and transportation, metabolic response to insulin and secretions of 

adipocyte specific proteins.82 

     Vitamin D receptor (VDR) gene has been reported to aid in insulin secretion in 

response to glucose.85  One study found that polymorphisims in VDR gene are 

associated with the susceptibility to obesity in subjects with early onset type 2 

diabetes.85  The researchers related it to a direct effect of vitamin D in adipocyte 

differentiation and metabolism or to an indirect effect by modulation of insulin 

secretion.85 

     Other diseases such as multiple sclerosis, schizophrenia, depression, and 

pregnancy associated with risk of preeclampsia are seen at a higher rate among 

those who are vitamin D deficient.34  Some research found that women who took 
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400 IUs vitamin D daily had >40% decreased risk of developing multiple sclerosis 

and rheumatoid arthritis.34 

     Calcitriol has been used to treat psoriasis and tuberculosis.36  Acting as a potent 

immunomodulator, monocytes and macrophages exposed to tuberculosis 

upregulate the vitamin D receptor gene and the 25 (OH) D-1α-hydroxylase gene.36  

This increases production of calcitriol resulting in synthesis of cathelicidin, a 

peptide capable of destroying M. tuberculosis as well as other infectious diseases.36 

 

Synthesis, Metabolism and Absorption 

     There are two approaches to the synthesis of vitamin D; the first being the 

synthesis of a provitamin that can be converted via UV radiation to vitamin D and 

the second being a total chemical synthesis.47  There is actually a concept that a 

vitamin D endocrine system exists.10 

     Vitamin D can be obtained via sunlight or through the diet.  Bile salts in the small 

intestine aid in the absorption of vitamin D via micelles, chylomicrons, enterocytes 

and the lymphatic system when consumed through the diet.47  As for the production 

of vitamin D through the skin, 7-dehydrocholesterol, located in the Malpighian layer 

of the skin, once exposed to ultraviolet light converts to provitamin D.  This is then 

isomerized into vitamin D over several days, and then removed from the skin into 

the circulatory system by the blood transport protein for vitamin D, the vitamin D-

binding protein (DBP).47  The activation of both vitamin D2 and D3 occur via the 
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same metabolic pathway; they must be hydroxylated at the C-1 and C-25 positions 

before they are able to produce their biological effect.47 

     Vitamin D status is determined by measuring 25 (OH) D because it represents the 

combination of endogenous and exogenous sources of vitamin D and has a longer 

half-life than the active form of vitamin D 1, 25 (OH)2 D.44  It is believed that several 

enzymes (CYP27A1, CYP2J3, CYP2R1, and CYP3A4) operate in the 25-hydroxylation 

step that occurs in the liver.44, 66  The mitochondrial enzyme, 25 (OH) D1α-

hydroxylase (CYP27B1), activates vitamin D in the kidney (functioning as an 

endocrine gland).10  Without this enzyme, vitamin D–dependent rickets type 1 

occurs.44, 66  There has to be an adequate level of 25 (OH) D before it can be 

hydroxylated to its active form, 1, 25 dihydroxyvitamin D 1, 25 (OH)2 D, in the 

kidney’s proximal renal tubule epithelial cells.5  If there are low amounts of 1, 25 

(OH)2 D, the kidney will produce more 1, 25 (OH)2 D and when the levels are high 

the kidney will reduce 1, 25 (OH)2 D production.10  This endocrine mechanism is 

chiefly regulated by parathyroid hormone (PTH) and calcium and phosphorus 

levels.10  There are certain conditions that can inhibit the conversion to 1,25 (OH)2 D 

such as, inadequate synthesis of vitamin D in the skin, inadequate ingestion of 

vitamin D, and large levels of adipose tissue storage of vitamins D2 and D3.5  Some 

amount of 25 (OH) D may never be converted to 1,25 (OH)2 D.  Instead, it may be 

degraded by renal 24-hydroxylase (CYP24) to form 24, 25 (OH)2.44, 66  CYP24, a 

highly active enzyme, is produced by vitamin D itself; and allows for its own 

breakdown to its excreted metabolites, calcitroic acid and lactone.44, 66 
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     Once vitamin D is metabolically active it is transported to various tissues and 

organs and their nuclear receptor protein, termed the VDR (vitamin D receptor).10  

There are over 30 different types of cells known to have VDR.9  This is referred to as 

the regulation gene transcription by 1, 25 (OH)2 D.10  This active metabolite enters 

the cell and binds to the VDR and forms a complex with the retinoid receptor.47  

Then it binds to a vitamin D responsive element (VDRE) on the promoter of a 

responsive gene.47 

     Pregnancy increases absorption of the essential minerals for bone health in both 

the fetus and the mother.22  Ordinarily, pregnant women absorb greater amounts of 

calcium to promote maximum fetal bone mineralization in the presence of adequate 

vitamin D.67 

 

Storage 

     It used to be thought that vitamin D was stored in the liver, which is now known 

that the highest concentrations of vitamin D occur in the blood.47  The liver takes up 

vitamin D rapidly then it releases the 25 (OH) D, which has a half-life of 12 to 19 

days, into circulation.44  Adipose tissue stores the 25 (OH) D; however, when the 

adipose tissue is saturated, excess amounts of circulating 25 (OH) D can result in 

intoxication or hypervitaminosis D.47  Some studies have shown that in humans, 

vitamin D predominantly is stored in adipose tissue while muscles serve as the 

storage site for 25 (OH) D.54  Individuals with excess fat tissue usually have 



Texas Tech University, Shannon Owens, December 2013 

18 

suboptimal vitamin D status.13  A study conducted among 17 obese men and women 

scheduled to have gastric bypass surgery demonstrated the long-standing concept 

that fat tissue is the storage site for vitamin D and that fat tissue and vitamin D 

levels were positively correlated.13 

 

Vitamin D Sources 

     Non-prescription vitamin D supplements are available in the United States as 

either Vitamin D2 Ergocalciferol or Vitamin D3 Cholecalciferol.  Both are referred to 

as "vitamin D" although they are different in their origins, metabolism, and potential 

toxicity.  Most vitamin D found in foods is fortified, due to its small quantities found 

naturally in food.  Naturally occurring vitamin D food sources include those from 

animal products, saltwater fish, herring, salmon, sardines, and fish-liver oils such as 

cod liver oil (in the absence of additional vitamin A, which competes for receptor 

sites with vitamin D, thus preventing maximum vitamin D absorption).5  Eggs, veal, 

beef, unfortified milk, and butter can supply small quantities of vitamin D; plants are 

poor sources; fruits and nuts contain no vitamin D; and vegetable oils contain 

minimal amounts.47  Other fortified foods include orange juice (100 IUs per 8-oz. 

serving), other juice products, and some breads, margarine, and ready-to-eat 

cereals.5 

A list of food sources and their vitamin D content is as follows: 

http://www.vitamindcouncil.org/reference/glossary-E.shtml#ergocalciferol
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Table 1 
Selected Food Sources of Vitamin D [59] 

Food 
IUs per 
serving* 

Percent 
DV** 

Cod liver oil, 1 tablespoon 1,360 340 

Swordfish, cooked, 3 ounces 566 142 

Salmon (sockeye), cooked, 3 ounces 447 112 

Tuna fish, canned in water, drained, 3 ounces 154 39 

Orange juice fortified with vitamin D, 1 cup (check product 

labels, as amount of added vitamin D varies) 

137 34 

Milk, nonfat, reduced fat, and whole, vitamin D-fortified, 1 

cup 

115-124 29-31 

Yogurt, fortified with 20% of the DV for vitamin D, 6 ounces 

(more heavily fortified yogurts provide more of the DV) 

80 20 

Margarine, fortified, 1 tablespoon 60 15 

Sardines, canned in oil, drained, 2 sardines 46 12 

Liver, beef, cooked, 3 ounces 42 11 

Egg, 1 large (vitamin D is found in yolk) 41 10 

Ready-to-eat cereal, fortified with 10% of the DV for vitamin 

D, 0.75-1 cup (more heavily fortified cereals might provide 

more of the DV) 

40 10 

Cheese, Swiss, 1 ounce 6 2 

* IUs = International Units. 

** DV = Daily Value. DVs were developed by the U.S. Food and Drug Administration to help 

consumers compare the nutrient contents among products within the context of a total daily 

diet. The DV for vitamin D is currently set at 400 IU for adults and children age 4 and older. 

Food labels, however, are not required to list vitamin D content unless a food has been 

fortified with this nutrient. Foods providing 20% or more of the DV are considered to be high 

sources of a nutrient, but foods providing lower percentages of the DV also contribute to a 

healthful diet. 

http://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/ 

 

Recommendations Regarding Vitamin D 
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     In the absence of sunlight exposure, vitamin D becomes an important nutritional 

factor.  Although vitamin D can essentially be synthesized in the skin with exposure 

to the sun, several factors can reduce the amount of UVB exposure, thus hindering 

the skin’s production of vitamin D.  Melanin, darker skin pigmentation, use of 

sunscreen, aging, time of day, season, and latitude are also major determinates of 

the amount of cutaneous production of vitamin D.  During winter, the tilt of the 

earth’s axis in relation to the sun’s position increases the UVB photon absorption by 

the ozone, resulting in less of the radiation reaching the earth’s surface.36  

Additionally, this change in tilt changes the angle of light rays, causing them to 

scatter to reduce ultraviolet radiation by another 30% to 40%34.  Also, less 

cutaneous vitamin D synthesis occurs at latitudes greater than 40° between 

November and February, especially before 10:00 a.m. and after 3:00 p.m.  Elderly 

individuals, especially African Americans, living in northern areas are at increased 

risk for vitamin D deficiency or insufficiency.36 

     Factors for determining vitamin D recommendations depends on the amounts of 

phosphorus and calcium in the diet, age, sex, degree of exposure to sun, 

physiological state of development, and the amount of pigmentation in the skin.47  

Ultraviolet (UV) B radiation with a wavelength of 290-320 nanometers converts 7-

dehydrocholesterol to previtamin D3 and then metabolized to vitamin D3.59  The 

current National Research Council recommendations for vitamin D are 400 IU/day.  

It has been noted that in the United States, the human skin synthesizes 6 IU vitamin 

D/cmˆ2/hour during the summer season; resulting in a minimum need of two hours 
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of sun exposure to the face to provide 200 IU for an adult during the winter 

season.47  Certain factors can hinder UVB radiation penetration, such as complete 

cloud cover (reduces UV energy by 50%); shade (reduces it by 60%); 

window/indoor sunshine (UVB radiation does not penetrate glass); and sunscreen 

(SPF of 8 or more can block most UVB radiation).59 

     Total-body sun exposure easily provides the equivalent of 250 µg (10 000 IU) 

vitamin D/day, suggesting that this is a physiologic limit.79  More specifically, when 

15% of the body (e.g., hands, face, and arms) is exposed to 1 minimal erythema dose 

(MED)=15-30 min of noon exposure in northern latitudes 20º - 45º most days of the 

week, it is equivalent to an intake of 1,000 IU (international units; 40 IU is 

equivalent to 1 μg) of vitamin D.36  Higher latitude would therefore require more 

time of sun exposure, resulting in problems in some parts of the world, especially 

where vitamin D fortified foods are unavailable as well.  Commercial tanning beds 

that emit 2%-6% UVB radiation can also be sufficient for vitamin D synthesis.59  

Advanced age decreases the dermal capacity to produce vitamin D.18  A person >65 

years has ~25% dermal capacity of that in a person aged 20-30 years exposed to 

similar sunlight.18  Other factors that reduce cutaneous production of vitamin D in 

persons aged >50 years, would be wearing more concealing clothing, use of more 

sunscreen, and less outdoor physical activity.18 

Current recommendations by the Food and Nutrition Board of Institute of Medicine 

for daily vitamin D intake are as follows: 
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Table 2 

Recommended Dietary Allowances (RDAs) for Vitamin D [59] 

Age Male Female Pregnancy Lactation 
0–12 months* 400 IU 

(10 mcg) 

400 IU 

(10 mcg) 

  

1–13 years 600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

  

14–18 years 600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

19–50 years 600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

51–70 years 600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

  

>70 years 800 IU 

(20 mcg) 

800 IU 

(20 mcg) 

  

* Adequate Intake (AI) 

http://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/ 

 

     It should be noted that these recommendations are for maintenance of vitamin D 

status and not for those who are vitamin D deficient.  A discussion from the 

Louisiana State Medical Society suggests that for patients with vitamin D deficiency, 

recommendations include a regimen of 50,000 IUs of ergocalciferol weekly for one 

month and then monthly until 25 (OH) D stores are replete.23  Generally, 100 IUs of 

vitamin D daily can increase 25 (OH) D levels by 1 ng/mL after 2-3 months.55  To 

maintain desired vitamin D levels, 800-1000 IUs of vitamin D daily is 

recommended.55  Most people should not take more than 2,000 IUs of vitamin D 

daily without the advice of a health care provider and monitoring of 25 (OH) D 
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levels.57  Persons at high risk for deficiency should have 25 (OH) D levels monitored 

and may need higher doses of vitamin D to restore vitamin levels adequately.57 

     For infants that are completely and partially breastfed, The American Academy of 

Pediatrics (AAP) recommends supplementing with 400 IUs/day of vitamin D shortly 

after birth and continue until the infant is weaned and consumes ≥1000 mL/day of 

vitamin D-fortified formula or whole milk.59  It is recommended to supplement non-

breastfed infants that do not consume 1000 mL/day of vitamin D formula or milk 

with 400 IUs/day as well as older children and adolescents who do not ingest 400 

IUs/day through vitamin D-fortified milk or foods.59 

 

Vitamin D Deficiency 

     Vitamin D deficiency is becoming more prevalent as diagnoses for this condition 

are improving.  It is actually being considered a pandemic in the world.81  The 

NHANES (National Health and Nutrition Examination Survey) reported a marked 

decrease in 25 (OH) D levels in the United States population, beginning in the late 

1980’s to the start of the millennium.81  It estimated 90% of dark-skinned people 

and more than 50% of the white population in the United States to be vitamin D 

insufficient (serum vitamin D levels less than 30 ng/mL) or deficient (serum vitamin 

D levels at or below 20 ng/mL).81  Table 3 provides information on health status and 

serum 25 (OH) D levels.  Vitamin D levels at or below 10 ng/mL are termed as 

severe deficiency and usually coupled with signs and symptoms, such as rickets in 
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children, proximal myopathy, osteomalacia in adults, lethargy, increased incidence 

of infection, inability to lose weight, and generalized pains (low back pain, muscle 

aches, and bone pain).81  The majority of North American postmenopausal women 

being treated for osteoporosis have inadequate levels of vitamin D, and vitamin D 

deficiency has been found in 88% of women with fractures.81  Dark-skinned 

ethnicities living in Western countries have 2-3 fold higher prevalence of vitamin D 

deficiency than Caucasians do.81 

Table 3. 

Serum 25 (OH) D Concentrations and Health [59] 

nmol/L** ng/mL* Health status 

<30 <12 
Associated with vitamin D deficiency, leading to rickets in 
infants and children and osteomalacia in adults 

30–50 12–20 
Generally considered inadequate for bone and overall health 
in healthy individuals 

≥50 ≥20 
Generally considered adequate for bone and overall health in 
healthy individuals 

>125 >50 
Emerging evidence links potential adverse effects to such high 
levels, particularly >150 nmol/L (>60 ng/mL) 

* Serum concentrations of 25 (OH) D are reported in both nanomoles per liter 
(nmol/L) and nanograms per milliliter (ng/mL). 
** 1 nmol/L = 0.4 ng/mL” 

http://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/ 

 

     Exclusive breastfeeding with no supplementation is commonly associated with 

rickets, especially in dark-skinned infants breastfed by mothers who have 

inadequate vitamin D stores.59  There is also a higher prevalence of rickets among 
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Asian, African, and Middle Eastern immigrants, most likely due to genetic 

differences in vitamin D metabolism and activities that include less sun exposure.59 

     Consequences can result from a lack of vitamin D due to its necessity for bone 

health, muscle strength and function, and overall well-being.  A deficiency in vitamin 

D can result in serum calcium and phosphate levels falling and serum alkaline 

phosphate activity increasing.  These consequences of vitamin D deficiency are a 

result of inadequate intestinal absorption and renal reabsorption of calcium and 

phosphate; hyperparathyroidism occurs in response to the low serum calcium 

levels.47  The demineralization of bone, ultimately leading to rickets in children and 

osteomalacia in adults, occurs due to the parathyroid hormone (PTH) and some 1,25 

(OH)2 D being present at the onset of deficiency.47  Rickets leads to failure to 

mineralize bone tissue; osteomalacia, osteoporosis; defects of collagen matrix, and 

muscle weakness.47  The diagnosis criteria of rickets and osteomalacia include low 

serum calcium levels in the range of 5-7 mg per 100 ml and high serum alkaline 

phosphatase activity.47 

     Due to the necessary role that vitamin D has on the efficiency for calcium and 

phosphorus absorption in the gut, vitamin D plays an important part in bone health.  

Deficiency can cause secondary hyperparathyroidism that increases bone 

resorption, leading to osteomalacia.23 

     Adults with vitamin D deficiency will lose .25-.5% of their skeletal mass per year, 

once peak bone mass is attained.23  In addition to bone diseases such as 
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osteomalacia, vitamin D deficiency can result with non-specific musculoskeletal 

complaints such as fatigue, muscle weakness, and even fibromyalgia-like 

symptoms.23 

     25 (OH) D is the best measure of body storage of vitamin D in vitamin D deficient 

patients since it is the major storage site for vitamin D; after metabolism in the liver, 

25 (OH) D is transported by binding protein to adipose tissue.23  25 (OH) D is the 

major circulating form of vitamin D and the most stable.  Its half-life is 15 days 

compared to 1, 25 (OH)2 D half-life of 15 hrs.  1, 25 (OH)2 D is fairly stable or even 

elevated with high PTH levels so it is not a good indicator of vitamin D status.  25 

(OH) D is bound to vitamin D binding proteins and is a good measure of cutaneous D 

as well as intake and sunlight exposure.  25 (OH) D levels increase in proportion to 

vitamin D intake and sunlight exposure and is the best indicator of vitamin D status 

in the body.35 

     Physical methods to measure vitamin D levels most accurately and precisely are 

high performance liquid chromatography and liquid chromatography – tandem 

mass spectrometry (LC/MS/MS) technology.72  Some common laboratory values 

that may be consistent with vitamin D deficiency include elevated plasma alkaline 

phosphate, low serum calcium, low 24-hour urine calcium excretion, and a high 

serum parathyroid hormone level.23  Recommendations for normal serum 25 (OH) 

D levels are those greater than 30 ng/mL.23  Values below 30 ng/mL are considered 

deficient; whereas, a normal range of vitamin D is 30-74 ng/mL.  Most experts agree 

that a concentration between 35-40 ng/mL is reasonable to preventive health.  
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Other research suggests that the optimal concentration to protect against cancer 

and heart disease is between 50-70 ng/mL and up to 100 ng/mL.27 

 

Groups at Risk for Vitamin D Deficiency 

     Many people are at risk for inadequately meeting their vitamin D needs to 

maintain adequate vitamin D status.  These groups may require additional vitamin D 

through supplementation. 

Breastfed infants 

     Human milk provides <25 IUs/L to 78 IUs/L of vitamin D (it depends on the 

vitamin D status of the mother), which cannot usually meet the requirements for 

vitamin D.59  Breastfed African Americans are especially susceptible to inadequate 

intake of vitamin D via human milk.59  Most cases of rickets will involve breastfed 

infants, which has led to the AAP to recommend breastfed infants to be 

supplemented with 400 IU of vitamin D per day during infancy.59 

Older adults 

     Due to advanced age, older adults cannot synthesize vitamin D as well because of 

their skin changes, less outdoor activity, and may have inadequate intake of vitamin 

D.59  The serum levels of vitamin D are low in many cases of hip fractures among 

older adults.59 

Individuals with limited sun exposure 



Texas Tech University, Shannon Owens, December 2013 

28 

     Many people have to work inside, which can limit their sun exposure to receive 

adequate vitamin D.  Homebound individuals as well as people who wear clothing 

and head covers for religious reasons will limit the amount of sunlight exposure to 

their skin.59 

Individuals with dark skin 

     Darker skin reduces the skin’s ability to synthesize vitamin D from sunlight.59  

Numerous studies have indicated that those identified as black have lower serum 

vitamin D levels than those identified as white.59  Many times it will be necessary to 

supplement with vitamin D to maintain adequate vitamin D serum levels. 

Individuals with fat malabsorption 

     Vitamin D is a fat soluble vitamin and requires fat to be absorbed in the intestines.  

People who have medical problems that interfere with fat absorption, such as liver 

disease, cystic fibrosis, and Crohn’s disease might require vitamin D 

supplementation.59 

Individuals who are obese or who have undergone bariatric surgery 

     It is believed that fat tissue sequesters vitamin D in the body making it 

unavailable to circulation.59  Obesity causes greater amounts of fat tissue and causes 

these individuals to have lower serum vitamin levels when compared to normal 

weight individuals.59  People who undergo bariatric surgery can have malabsorption 

because part of the intestines is bypassed, which can affect calcium and vitamin D 
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absorption.  These individuals may need vitamin D supplementation to prevent 

and/or treat insufficiency. 

 

Toxicity 

     The concern of vitamin D toxicity is relevant to those supplementing and not for 

those relying on vitamin D from natural food sources.  Side effects or toxicity can 

occur when 25 (OH) D concentrations reach 88 ng/mL or greater.27  Irreversible 

calcification of the heart, lungs, kidneys, and other soft tissues are serious problems 

that can result from hypervitaminosis D.  Hypercalcemia, hypercalciuria, anorexia, 

nausea, vomiting, thirst, polyuria, muscular weakness, and joint pains, diffuse 

demineralization of bones, disorientation, and even death are symptoms of vitamin 

D intoxication.48  If detected early, vitamin D toxicity can be reversed with treatment 

protocols of withdrawing vitamin D supplementation, and reducing dietary calcium 

intake until serum calcium levels fall.  The use of glucocorticoids and calcitonin have 

been shown to decrease serum vitamin D levels in severe toxicity cases.48  Vitamin D 

toxicity cannot occur through excessive sun exposure such as sunbathing because 

the provitamin D metabolite is isomerized to lumisterol.39  Additionally, vitamin D is 

fat soluble.  Excess amounts are stored in fat tissue for 1 to 2 months and used 

during the winter when very little vitamin D is produced cutaneously.5 

     Vitamin D can be toxic and toxicity has only been noted in individuals taking 

above 10,000 IU of vitamin D per day (300,000 IU/month).79  The amount of vitamin 
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D in this study protocol is 4,933-5333 IUs per day or 148,000-160,000 IUs per 

month, below the noted toxicity level.  Information on the Tolerable Upper Intake 

Levels (ULs) for vitamin D is in Table 4. 

 

Table 4: Tolerable Upper Intake Levels (ULs) for Vitamin D [59] 

Age Male Female Pregnancy Lactation 

0–6 months 
1,000 IUs 

(25 mcg) 

1,000 IUs 

(25 mcg) 
    

7–12 months 
1,500 IUs 

(38 mcg) 

1,500 IUs 

(38 mcg) 
    

1–3 years 
2,500 IUs 

(63 mcg) 

2,500 IUs 

(63 mcg) 
    

4–8 years 
3,000 IUs 

(75 mcg) 

3,000 IUs 

(75 mcg) 
    

≥9 years  
4,000 IUs 

(100 mcg) 

4,000 IUs 

(100 mcg) 

4,000 IUs 

(100 mcg) 

4,000 IUs 

(100 mcg) 

http://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/ 

 

Vitamin D and Interactions with Medications 

     Corticosteroid medications such as prednisone, often prescribed to reduce 

inflammation, can reduce calcium absorption and impair vitamin D metabolism.  

These effects can further contribute to the loss of bone and the development of 
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osteoporosis associated with their long-term use.  Other medications include: both 

the weight-loss drug orlistat and the cholesterol-lowering drug cholestyramine can 

reduce the absorption of vitamin D and other fat-soluble vitamins.29  Both 

phenobarbital and phenytoin, used to prevent and control epileptic seizures, increase 

the hepatic metabolism of vitamin D to inactive compounds and reduce calcium 

absorption.29 

 

Obesity and Vitamin D 

     Obesity is an epidemic in America with millions who are overweight (Body Mass 

Index (BMI) >25 kg/m2) or obese (BMI >30 kg/m2).50  It is estimated 34.2% of U.S. 

adults aged 20 years and over are overweight, 33.8% are obese.19  Medical costs 

associated with obesity were estimated at more than $238 billion in the US.19  A 

person is considered severely obese once their Body Mass Index (BMI) increases to 

40 kg/m2 or their weight reaches above 100 lbs of their ideal body weight.  The 

prevalence is about 5.7% who are extremely obese.19  Vitamin D deficiency has been 

reported in 21-81% of obese individuals.24  Individuals who are obese have 

significantly lower circulating concentrations of 25 (OH) D than do non obese 

subjects.14  Research has suggested that even those individuals who are not obese, 

that body size and adiposity are inversely associated with blood 25 (OH) D 

concentrations.83  This research suggests that this inverse association may be due to 

increased metabolic clearance of vitamin D through enhanced uptake in fat tissue, or 
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decreased bioavailability of vitamin D once it is deposited into fat tissue.83  Research 

also suggests that obese persons are less responsive to sunlight exposure as a 

means of increasing their vitamin D levels.26  Wortsman et al. evaluated the blood 

concentrations of vitamin D in obese and nonobese subjects in response to UV-B 

irradiation or an oral dose of vitamin D2 and determined obesity-associated vitamin 

D insufficiency is likely due to the decreased bioavailability of vitamin D3 from 

cutaneous and dietary sources because of its deposition in body fat compartments.83  

Bell et al. looked at whether alteration of the vitamin D-endocrine system occurs in 

obesity and whether ensuing secondary hyperparathyroidism is associated with a 

reduction in urinary calcium in 12 obese white individuals, five men and seven 

women, and 14 nonobese white subjects, eight men and six women.  They found 

there was a significant positive correlation between percentage of ideal body weight 

and urinary cyclic AMP (r = 0.524, P less than 0.01) and between percentage of ideal 

body weight and serum immunoreactive PTH (r = 0.717, P less than 0.01) in the two 

groups.  They concluded that the alteration of the vitamin D-endocrine system in 

obese subjects was characterized by secondary hyperparathyroidism which was 

associated with enhanced renal tubular reabsorption of calcium and increased 

circulating 1, 25 (OH)2 D.  Furthermore, the researchers suggested that the 

reduction of serum 25 (OH) D in them was attributed to feedback inhibition of 

hepatic synthesis of the precursor by the increased serum 1, 25 (OH)2 D.9  In the 

study mentioned previously by Wortsman et al. stated the capacity of the skin to 

produce vitamin D was not altered in obesity.83  However, Snijder et al., when 

assessing the association of adiposity with serum 25 (OH) D and serum PTH levels 
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in a large population-based study including older men and women, found an 

increase in serum vitamin D3 after sun exposure was 57% less in obese compared 

with non-obese subjects.  Their results showed an increase in serum vitamin D3 

after oral supplementation and were similar in obese and non-obese subjects, which 

support the hypothesis of a decreased release of endogenously produced vitamin D 

into the circulation due to more storage in subcutaneous fat in obese subjects.76 

     In a study of 300 subjects comparing obese adults to nonobese adults and their 

25 (OH) D and 1, 25 (OH)2 D levels as well as iPTH concentrations, the researchers 

found both vitamin D levels to be significantly lower and iPTH concentrations were 

significantly higher in obese subjects.61  Another study among 60 morbidly obese 

females showed 38% of the total to have deficient 25 (OH) D levels and 62% of the 

subjects had 25 (OH) D levels below normal values.15  This study supports that low 

vitamin D is associated with obesity.15 

     When looking at calcium metabolism among 213 morbidly obese subjects, some 

researchers concluded that parathyroid hormone levels were increased without 

abnormalities in serum calcium levels in the extremely obese.28  They also stated 

that there was a positive correlation between parathyroid hormone levels and 

BMI.28  Another study looking at vitamin D, PTH, and the metabolic syndrome in 298 

severely obese patients found results consistent with previous studies on increased 

prevalence of altered calcium metabolism in obesity.68  They found 64.3% to be 

insufficient in 25 (OH) D levels and 47.4% to have elevated PTH plasma 

concentrations.68  Their data did not support altered calcium metabolism to be an 
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independent contributor to the development of metabolic syndrome in severely 

obese subjects.68 

      Obesity is beginning in childhood and adolescence.  One study looked at vitamin 

D levels and deficiency in relation to body fat indexes among obese adolescents.46  

The researchers found 17 of the 58 adolescents to be vitamin D deficient; however, 

none had elevated PTH concentrations.46  Their findings show that fat distribution 

may be associated with vitamin D status.46 

 

Bariatric Surgery 

     Obesity can lead to several health risks.  Many people who are extremely obese 

are very challenged to lose weight with diet and exercise alone.  Research indicates 

that other weight loss attempts such as medications are not showing long term 

weight loss in this patient population.21  Weight loss surgery has shown to improve 

many chronic diseases, such as diabetes, hypertension, hyperlipidemia, obstructive 

sleep apnea, hypoventilation, and cancer risks.62  Bariatric surgery has gained wide 

acceptance as a treatment for severe obesity, especially when complicated by type 2 

diabetes.64  Individuals who fall into the weight category of severely obese are 

considered high risk patients and can benefit from surgical treatment, i.e. bariatric 

surgery, to improve health conditions.1 

     In 1954, bariatric surgery was introduced as the jejunoileal bypass that consisted 

of 14 inches of jejunum connected to 4 inches of ileum as an anastomosis and 
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bypassed most of the small intestine.1  Because of complications such as hepatic 

failure and cirrhosis, renal failure, oxalate nephropathy, immune complex disease, 

and multiple nutritional deficiencies, this procedure is no longer performed.1  In the 

1970’s another bariatric surgery, gastric bypass, was introduced that had weight 

loss benefits without severe post-op complications like the jejunoileal bypass.1  

Currently there are 3 categories of bariatric surgeries: 1. purely restrictive, 2. gastric 

restriction with some malabsorption, and 3. gastric restriction with significant 

intestinal malabsorption.1  Approximately 200,000 bariatric procedures were 

performed in 2007 and more than 80% of those surgeries were gastric bypass.1  To 

qualify for bariatric surgery a patient must have a Body Mass Index (BMI) ≥40 

kg/m2 or BMI ≥35 kg/m2 if they have high risk comorbidities such as type 2 

diabetes, hypertension, severe sleep apnea, or obesity-related cardiomyopathy.1 

     There are 4 types of bariatric surgeries most commonly performed presently.  

The following diagram demonstrates them: 
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Figure 2 
Diagram of Surgical Options. Image credit: Walter Pories, M.D. FACS.  

http://win.niddk.nih.gov/publications/gastric.htm#rygastric 

     The adjustable gastric band and the vertical sleeve gastrectomy fall into the 

purely restrictive surgery category as they limit the volume of the stomach either by 

an adjustable band or a vertical, subtotal, pylorus-preserving gastrectomy.1  The 

Roux-en-Y gastric bypass is performed by the upper part of the stomach being 

transected creating a very small pouch.1  It is then anastomosed to a Roux-en-Y 

proximal jejunal segment, which bypasses the remaining stomach, duodenum, and a 

small portion of the jejunum.1  This leads to decreased intake and a small amount of 

http://win.niddk.nih.gov/publications/gastric.htm#rygastric
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nutrient malabsorption.1  The biliopancreatic diversion with a duodenal switch is a 

sleeve gastrectomy that channels nutrients through a duodenal switch that bypasses 

60% of the intestines creating greater malasorption.1 

 

Gastric Bypass and Vitamin D 

     Bariatric surgery is described as restrictive or combination of  

restrictive/malabsorptive, either limiting food intake or affecting nutrient 

absorption by delivering food to a point lower in the intestine than would usually 

occur.51  Restriction of intake is achieved in Roux-en-Y surgery by the stomach being 

made into a small pouch, which only holds very small amounts of food.  Then the 

malabsorptive part begins with the upper portion of the small intestine being 

bypassed, inducing a degree of nutrient malabsorption.51  Nutrient deficiencies after 

bariatric surgery are commonly reported in the surgery literature, including those 

of calcium and vitamin D deficiencies. 

     Malabsorption of vitamin D in subjects post Roux-en-Y gastric bypass ultimately 

result from impaired fat absorption due to a poor mixing of bile salts with fat.43  This 

study also suggests that by the time a person’s 25 (OH) D levels reach 10 ng/mL, he 

or she is profoundly deficient already.43 

     Vitamin D deficiency is extremely common in obese populations, and the 

combination is present in 90% of extremely obese patients at the time of bariatric 

surgery.26  Deficiency of vitamin D, as defined as 25 (OH) D <50 nmol/L (<20ng/mL) 
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and vitamin D insufficiency defined as 25 (OH) D 50-75 nmol/L (20-30 ng/mL), has 

been documented in 50-80% of patients after Roux-en-Y gastric bypass surgery.26  

More severe vitamin D deficiency symptoms including secondary 

hyperparathyroidism, metabolic bone disease, hypocalcaemia, and chronic pain 

syndrome have also been reported in extreme cases after bariatric surgery.26  A 

study conducted by Goldner et al. showed that in 41 patients undergoing bariatric 

surgery compared to healthy controls that 90% of the pre-bariatric surgery patients 

had 25 (OH) D levels <75 nmol/l (<30ng/mL), and 61% had 25 (OH) D levels <50 

nmol/l (<20ng/mL) versus 32 and 12% in controls, respectively.  Additionally, 49% 

of the pre-bariatric surgery patients had secondary hyperparathyroidism, defined as 

iPTH>70 pg/mL, versus 2% of controls.26 

     Ybarra et al. evaluated changes in 25 (OH) D and serum calcium in 64 gastric 

bypass surgery subjects before and 36 months after surgery and compared them to 

80 patients whom had not undergone surgery.84  25 (OH) D levels were defined as 

normal (>50 nmol/L) (>20 ng/mL), insufficient (25-50 nmol/L) (10-20 ng/mL), and 

deficient (<25 nmol/L) (<10ng/mL) as well as mild secondary hyperparathyroidism 

was defined as iPTH>7.3 pmol/L.84  80% of the patients presented with some form 

of low vitamin D (46.8% with insufficiency, 33.1% with deficiency).84  Almost 90% 

of the patients with low vitamin D also had secondary hyperparathyroidism (45.7% 

in the vitamin insufficiency group and 42.9% in the vitamin D deficient group).84  

They also observed improved vitamin D levels (28% increase) after surgery, 
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concluding that patients should receive vitamin D supplements after bariatric 

surgery since low levels of vitamin D exist.84 

     Wortsman, Matsuoka, Chen, Lu, and Holick extracted between 4 and 400 ng/g of 

vitamin D2 and/or vitamin D3 from abdominal fat tissue of obese individuals who 

had gastric bypass surgery.83  They concluded that large metabolic reservoirs of fat 

in obese individuals lead to excess vitamin D storage, which increased risk of the 

presence of deficiency or insufficiency.83 

     Recommended treatment guidelines for documented vitamin D deficiency, 

including those for obese individuals, not bariatric patients, have been published 

recently with treatment of 50,000 IUs D2weekly for 4-6 weeks.48  Another study by 

Jin et al. indicated that vitamin D replacement supplements in amounts from 400-

800 IUs/day lead to no improvements in the vitamin D status of their gastric bypass 

patients as preoperative mean serum 25 (OH) D levels were 25.9 ± 1.2 ng/mL and 

26.4 ± 1.6 ng/mL at one year post op.41  Although this study supplemented their 

subjects with vitamin D, the amount given is the daily recommended amount and 

does not account for correcting vitamin D deficiency in bariatric surgery patients. 

     A retrospective study which identified 244 patients preoperative and 

postoperative to gastric bypass surgery, evaluated nutrition deficiencies in patients 

and screened for serum ferritin, vitamin D, vitamin B12, homocysteine, folate, and 

hemoglobin.77  Vitamin D deficiency was noted at 57% pre-operatively and 74% one 

year post-operatively.77  This study suggests that obese people are predisposed to 
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vitamin D deficiency and there may be selective calcium malabsorption in gastric 

bypass subjects.  Conclusions are made that if vitamin D deficiency is left neglected 

over a long period of time, it can lead to secondary hyperparathyroidism and can 

result in metabolic bone disease including osteopenia, osteoporosis, and 

osteomalacia.77 

     A retrospective study of extremely obese patients who underwent Roux-en-Y 

gastric bypass procedures by Jin et al. concluded that it is important to recognize 

patients who are at more risk for vitamin D deficiency before surgery so that early 

intervention can be put in place to minimize further postoperative deficiencies.41  

An interesting finding from this study is that African-American female patients 

undergoing gastric bypass procedures are ten times more likely to develop 

postoperative vitamin D deficiency than Caucasian women.41 

     Another retrospective review of postoperative care by Nelson et al. found that 

vitamin D status improved markedly after Roux-en-Y surgery with either 710 IU 

vitamin D3 daily or 50,000 IU vitamin D2 weekly.56  Current supplementation 

practices may not fully optimize the serum 25 (OH) D levels. 

 

Biliopancreatic Diversion with Duodenal Switch 

     The biliopancreatic diversion with duodenal switch is a sleeve gastrectomy that 

preserves the gastric function with a common channel that has the role of 

biliopancreatic secretions.52  The original goal with this surgery was to decrease 
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caloric and fat absorption while preserving normal alimentation.52  However, a 

discovery was made that because food was bypassing the proximal intestine and 

going straight to the distal intestine, intestinal hormonal secretions were altered, 

which has led to diabetes and obesity resolution.52 

     There is decreased intestinal fat absorption with the duodenal switch due to the 

delayed mixing of gastric and pancreatic enzymes with bile until 50-100 cm of the 

ileum71.  As a consequence, fat-soluble vitamins absorption is affected and 

deficiencies can occur.75  Studies show abnormalities in calcium and vitamin D 

metabolism can occur after the biliopancreatic diversion with duodenal switch.75  

Slater et al. conducted a study with 170 patients who had undergone biliopancreatic 

diversion with duodenal switch and found the incidence of vitamin A deficiency was 

69%, vitamin K deficiency 68%, and vitamin D deficiency 63% by the fourth year 

after surgery.75  Researchers compared a group of severely obese patients who had 

biliopancreatic diversion surgery to a similar group that had another bariatric 

surgery, vertical banded gastroplasty, and showed the biliopancreatic diversion 

group had significantly lower calcium and vitamin D concentration compared to the 

vertical banded gastroplasty group; serum calcium (2.14±0.05 mmol/L vs 2.37±0.05 

mmol/L [8.6±0.2 mg/dL vs 9.5±0.2 mg/ dL]), serum 25 (OH) D (24±6 nmol/L vs 

64±6 nmol/L) (9.6±2.4 ng/mL vs 25.6±2.4 ng/mL) as well the biliopancreatic 

diversion group had significantly higher concentrations of serum parathyroid 

hormone (13.6±2.1 pmol/L vs 5.2±2.3 pmol/L).20  They suggested that following 

biliopancreatic diversion, secondary hyperparathyroidism attributed to 
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hypocalcemia results from malabsorption of vitamin D.20  Bloomberg et al. 

conducted a review of literature and evidence of the most commonly deficient 

vitamins and minerals following weight loss surgery, which included protein, iron, 

vitamin B12, folate, calcium, the fat-soluble vitamins (A, D, E, K) and other 

micronutrients.12  The deficiencies occurred in all the surgeries but more 

significantly in the malabsorptive procedures such as biliopancreatic diversion.12  

When researchers compared gastric bypass patients with those who had undergone 

biliopancreatic diversion with duodenal switch, they found duodenal switch may be 

associated with a greater risk of vitamin A and D deficiencies in the first year after 

surgery.3  This was evidenced by duodenal switch patients requiring more 

additional dietary supplement (55%) than those patients who had gastric bypass 

surgery (26%).3 

     Patients who undergo gastric bypass and biliopancreatic diversion with duodenal 

switch should be monitored closely after surgery as the risk for vitamin deficiency is 

increased.  These surgical interventions appear to require additional 

supplementation in order to prevent and treat these vitamin deficiencies.  Thus this 

study was conducted to evaluate treatment for vitamin D deficiency among gastric 

bypass and biliopancreatic diversion with duodenal switch surgery patients. 
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CHAPTER THREE 

METHODS AND PROCEDURES 

Subjects 

     This research study was a prospective clinical trial of a high dose monthly 

ergocalciferol on vitamin D status of thirty-two patients (22 control group; 10 

experimental group) having elective gastric bypass or biliopancreatic diversion with 

duodenal switch surgery for severe obesity through the Advanced Bariatric Surgery 

Center in Lubbock, Texas from January 2010 through April 2013.  Subjects were 

randomly divided into a control group receiving the standard level vitamin D 

supplement in Dr. David Syn’s treatment protocol and a vitamin D supplement 

(experimental) group receiving an additional monthly dose of 100,000 IUs of 

ergocalciferol. 

     Beginning in January 2010, subjects were enrolled in the study, after the study 

was approved by the Texas Tech University Institutional Review Board for the 

protection of human subjects.  All subjects signed informed consent prior to 

participating in the study and a sample consent form is found in Appendix A. 

     Subjects were recruited by Dr. David Syn, MD, the bariatric surgeon or Shannon 

Owens, MS, RD, the dietitian at the Advanced Bariatric Surgery Center in Lubbock, 

Texas.  The Recruitment script is found in Appendix B.  Along with their baseline lab 

values (serum 25 (OH) D, calcium and hemoglobin A1c) being collected, a 

questionnaire, that we designed found in Appendix C, was completed regarding 
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outside sources of vitamin D, including sun exposure, multivitamins and 24 hour 

dietary recall. 

 

Exclusion Criteria 

     Subjects with an age less than 18 years or greater than 70 years were not allowed 

to participate in the study.  No subjects were allowed to participate in the study that 

had serum 25 (OH) D or calcium levels above normal range at baseline prior to 

surgery.  Subjects without both pre and post-surgery serum 25 (OH) D levels were 

excluded from the study.  Also subjects that use medications, such as steroids, 

cholestyramine, phenobarbital, phenytoin, and other anticonvulsant medications 

that can have an effect on vitamin D levels were excluded from the study.  Subjects 

that reported high daily sun exposure through working out doors or regular tanning 

at a salon were excluded from the study.  There was only one subject excluded due 

to working outside in an oil field 8 hours daily. 

 

Gastric Bypass Surgery Description and Eligibility Criteria 

     All subjects met the American Society for Bariatric Surgeons indications for 

consideration to undergo weight loss surgery which include: 

 BMI of greater than 40 or 
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 BMI of 35-39 with significant co-morbiditites such as diabetes, hypertension, 

or hyperlipidemia 

 Evidence that dietary attempts at weight control have been ineffective 

Other considerations prior to undergoing weight loss surgery include: 

 No contraindications to surgery, such as uncontrolled binge eating disorder, 

anorexia/bulimia, terminal malignancy, medically unable to undergo surgery 

 Ability to comprehend the nature of the procedure and provide voluntary 

informed consent 

 Willingness to commit to long term follow up 

     Dr. David Syn performs the Roux-en-Y gastric bypass and biliopancreatic diversion 

with duodenal switch procedures on the majority of subjects as they have in-total the 

most favorable efficacy, durability and complication profile.  Certain characteristics 

affect the ease with which this operation is accomplished.  Being female is favorable 

as females tend to have more shallow abdominal cavities.  Not having previous 

abdominal cavities surgeries is also favorable as there will be less scarring to deal 

with during the operation.  Having a BMI in the 40 range is also favorable as the 

operation becomes more difficult as the BMI increases.  Not having developed co-

morbidities related to obesity (diabetes, hypertension, cardiovascular disease etc.) is 

also favorable as this will decrease the risk of having complications related to the 

surgery.  Being able to tolerate a certain level of discomfort is also favorable as this 
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will make mobility after the operation easier and therefore decrease the chances of 

developing complications due to immobility. 

     The average time for Dr. Syn’s operation is between 1 and 1.5 hours.  There is 

usually not a foley catheter unless indicated for some medical reason.  The reasoning 

behind this is the more the patient feels comfortable getting out of bed and using the 

bathroom the better. 

 

Hazards:  

     None; these are non-invasive lab tests and the subjects are already having blood 

drawn for routine laboratory tests as per Dr. Syn’s usual protocol. 

 

Vitamin D Supplementation Protocol 

     In this prospective clinical trial subjects were randomly assigned to the control or 

vitamin D groups.  The study was not double or single blinded or placebo controlled 

but the laboratory personnel that did the blood analyses did not know if the subject 

was in the control or vitamin D group. 

 

Control Group 
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     The control group was instructed to take the standard vitamin D and calcium 

supplement as prescribed by Dr. David Syn which included: a multivitamin such as 

Centrum or Celebrate containing 800 to 2000 IU of cholecalciferol and 1600-2000 

mg calcium citrate/1600-2000 IUs cholecalciferol in 4 daily doses.  The multiple 

daily dosing schedule is based on research by Heaney et al. indicating that 

absorption of calcium from supplements is best in doses of 500 mg or less because 

the percent of calcium absorbed decreases as the amount of calcium in the 

supplement increases.32  Due to the small gastric pouch created in bariatric surgery, 

subjects have difficulty swallowing large pills and multiple pills at once.  This leads 

to multiple daily doses being used.  This protocol requires diligence on the part of 

the subject and many people fail to take an adequate number of tablets per day.  

Even in many of those who are compliant, serum vitamin D levels often fail to rise to 

acceptable levels. 

Vitamin D (Experimental) Group 

     The vitamin D (experimental) group received in addition to the control group 

supplements, two 50,000 IUs capsules of ergocalciferol (Drisdol) once a month.  

Drisdol is a prescription ergocalciferol supplements from Sanofi-Aventis US LLC.  

The vitamin D group was prescribed 1600-2000 IUs of vitamin D as cholecalciferol 

plus additional 3333 IUs of ergocalciferol for a total daily vitamin D dose of 4933-

5333 IUs per day which slightly exceeds the UL value of 4000 IUs per day.59 
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     The vitamin D supplement dose was based on the results of the study by Goldner 

et al. where it was concluded that a dose of 5000 IUs vitamin D/day resulted in 

normalization of the serum vitamin D levels in most subjects.25  To help increase 

compliance with the vitamin D supplement regimen, a monthly dosing program was 

chosen over the weekly dosing schedule that proved successful in the study of Carlin 

and coworkers.15  Saab et al. reported that a dosing schedule of 50,000 IUs given 

once a month resulted in a mean serum 25 (OH) D level above 30 ng/mL in 

hemodialysis subjects.69  Bischoff-Ferrari et al. concluded in their meta-analysis that 

intermittent 100,000 IUs doses of vitamin D every 4 months should be sufficient to 

improve vitamin D status in subjects who did not have a gastric bypass.11  So there is 

support in the literature for success with high dose, intermittent vitamin D 

supplementation to improve vitamin D status.  Drisdol was selected as the study 

supplement as it was the only high dose vitamin D supplement available at the time 

of the study. 

     Subjects who were in the vitamin D supplement (experimental) group who 

received the additional vitamin D supplement were asked to come to Dr. Syn’s office 

according to their regular follow-up appointment schedule, which was at 1 month, 3 

months, 6 months, 9 months and 1 year and were given adequate amounts of 

vitamin D caplets to provide each subject with a total of 100,000 IUs of 

ergocalciferol per month.  Each subject was instructed to take 2 vitamin D caplets 

containing 100,000 IUs ergocalciferol each month with a snack (such as 1 Tbsp of 

peanut butter or other food) containing some fat as vitamin D is a fat soluble 
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vitamin and would be better absorbed by the body if consumed with some dietary 

fat.  Subjects were questioned about any allergy or intolerance to the snack 

components and a snack was recommended for them that did not contain those 

ingredients.  They were also instructed to take the vitamin caplets 2 weeks or longer 

before lab work was done as it could skew serum vitamin D levels.  Subjects were 

called at monthly intervals and reminded to take the vitamin D caplets with the 

appropriate amount of fat. 

 

Low serum 25 (OH) D Protocol 

     If subjects in either group had a serum vitamin D level below normal range (< 30 

ng/mL), a standard protocol for vitamin D deficiency was followed:  first question 

subject regarding compliance to standard vitamin/mineral supplementation.  If 

subject was noncompliant, the health care provider reemphasized taking the 1600-

2000 mg calcium/1600-2000 IUs vitamin D daily.  If subject was compliant with the 

standard protocol, then an additional 400 IUs vitamin D twice a day for a total of an 

additional 800 IUs per day was recommended.  During the study, recommendations 

were reevaluated and an additional 2000 IUs vitamin D daily was recommended if 

serum 25 (OH) D levels fell below normal range (< 30 ng/mL).  Serum 25 (OH) D 

levels were rechecked in 3 months after recommendations were given. 

 

Sun Exposure and Supplement Use Questionnaire 
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     A registered dietitian asked each subject for information on sun exposure, 

vitamins, medications, and any other supplement usage before each blood sample 

was taken.  The questionnaire that we designed is found in Appendix C. 

 

Serum 25 (OH) D and other Laboratory Analyses 

     The subjects had blood drawn as per the usual treatment protocol at Dr. Syn’s 

office.  The usual blood analyses (such as 25 (OH) D, calcium and hemoglobin A1c) 

that are completed on every patient before and 1 year after surgery were used to 

assess response to the vitamin D protocol in this study.  No additional blood was 

drawn from the subjects for this study.  Blood samples were scheduled to be taken 

prior to and 1 year post-surgery.  At each visit, the following tubes of blood were 

drawn for each subject: 3 mL tube (Complete Blood Count with differential), 5 mL 

tube (Comprehensive metabolic panel), 2 mL tube (Lipid panel), 3 mL tube 

(Thiamin), 3 mL tube (Vitamin B-12, folate, iron, 25 (OH) D), 3 mL tube (HgbA1c) 

and 2 mL tube (free thyroxine (T4) and Thyroid stimulating hormone) as per the 

usual treatment protocol at Dr. Syn’s office.  This was a total of 21 mL or about 1.5 

Tablespoons of blood drawn before and at the one year visit. 

 

Lab Methods 
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     25 (OH) D is metabolized to 25 (OH) D by the liver once in the circulation of the 

body.  The principle circulating storage in plasma is the 25 (OH) D form of the 

hormone and is generally the best overall indicator status of vitamin D in the body.59 

Forms of vitamin D analyzed: 

 Total 25 (OH) D – therapy is based on this measurement 

Methods used for analyses: 

 Liquid chromatography/tandem mass spectrometry was used 

for the analysis for this form of vitamin D in the serum. 

 Liquid chromatography/tandem mass spectrometry 

(LC/MS/MS) – a fast, sensitive and robust method for analysis of 

total 25 (OH) D in serum.  The linear quantifiable range is from 

<2 ng/mL to 500 ng/mL, which is sufficient to cover the 

concentrations of interest.  Precision and accuracy are above 5% 

for most concentrations and better than 15% for all 

concentrations when evaluated by performing 100 replicate 

injections of vitamin D in extracted human samples.72 

 Serum levels of 25 (OH) D less than 30 ng/mL are considered 

insufficient in this study.25, 55, 80 

 

     Other blood parameters related to the study such as calcium and hemoglobin A1c 

were included in the lab work, and the effect of the new vitamin D protocol on these 
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parameters was assessed.  Adjusted calcium values were calculated in subjects that 

had serum albumin levels below normal. 

 

Withdrawal Criteria 

     An elevated serum calcium and/or vitamin D values are the earliest indication of 

vitamin D toxicity.  As per the study protocol, any subject that has a blood calcium or 

vitamin D value of greater than 100 ng/mL or serum calcium above 10.6 would not 

be given any additional vitamin D and would be withdrawn from the study.  No 

subject reported nausea, itching, thirst, and excess urination which are signs or 

symptoms related to vitamin D toxicity which were also withdrawal criteria for the 

study.  No subjects met these criteria or had to be withdrawn from the study. 

 

Statistical Analyses 

     For purposes of the statistical analyses only compliant subjects in the experimental 

vitamin D supplement group who reported taking at least 10 out of the 12 doses of 

additional vitamin D were included in the data analysis.  Also excluded were subjects 

that indicated outdoor sun exposure at work or frequent use of tanning salons during 

the study.  Subject data was also excluded if subjects reported use of un-prescribed 

vitamin D supplements during the study.  There were 48 subjects excluded from the 

study due to incomplete follow-up lab data; 9 subjects were excluded due to incorrect 
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laboratory data as given 1, 25 (OH)2 D levels were measured in error by the 

laboratory instead the protocol required total 25 (OH) D levels; 3 subjects were 

excluded due to a sleeve gastrectomy procedure being performed instead of gastric 

bypass or biliopancreatic diversion with duodenal switch; 1 subject was excluded for 

noncompliance with vitamin D regimen; 1 subject was excluded due to working 

outside in oil field for 8 hours daily; and 1 subject died.  No subject dropped out of the 

study. 

     Descriptive statistics which include both the means and standard deviations were 

calculated on the study variables.  A paired sample t-test was used to determine if 

there was a significant difference in mean vitamin D values from pre- to post-

supplementation.  An independent sample t-test was used to assess for significant 

differences in group (control vs. vitamin D supplement) means as well as differences 

between types of surgery, race, gender, and diabetic status.  A p-value <0.05 was 

considered statistically significant.  Statistical analyses were done using SPSS Version 

21 (SPSS, Chicago, III, USA). 



Texas Tech University, Shannon Owens, December 2013 

54 

CHAPTER FOUR 

RESULTS 

 

Demographic and Baseline Sun Exposure, Dietary Vitamin D, and Supplement Use 

Questionnaire Data 

     The study concluded with 32 bariatric surgery patients.  Twenty-two patients 

received standard vitamin and mineral regimen (control group), while 10 patients 

received 100,000 IUs vitamin D2 each month in addition to the standard vitamin and 

mineral regimen (vitamin D group).  Of the 22 patients in the control group, 4 

(18.2%) patients were male and 18 (81.8%) were female.  The control group had a 

mean age of 48.23± 10.46 (mean ± SD) years as patients ranged from 33-63 years of 

age.  Fourteen (63.6%) patients were white, 6 (27.3%) patients were Hispanic, and 

2 (9%) patients were black.  The control group had a mean pre-surgery BMI of 49.46 

± 9.63 (mean ± SD).  Fourteen (63.7%) patients had gastric bypass surgery and 8 

(36.4%) patients had biliopancreatic diversion with duodenal switch surgery.  

Eleven (50%) patients in the control group had diabetes. 

     For sunlight exposure and supplement use, the control group spent an average 

time of 119.06 minutes in the sunlight a day and sunscreen use varied from 50%-

never using; 31.25%-occasional use; and 18.75%-always using sunscreen.  There 

were 12.5% of patients in the control group that participated in tanning bed 

treatments.  Multivitamin use after surgery was reported for 62.5% of the patients 
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in the control group and 37.5% used multivitamins both before and after surgery.  

The control group patients that reported using calcium supplements after surgery 

included 68.8% patients, where only 31.3% reported using calcium supplements 

both before and after surgery.  Vitamin D supplement use in the control group was 

as follows: no supplement usage (43.8%); after surgery (37.5%); and both before 

and after surgery (18.8%).  Other nutrient or herbal supplement usage included 

(6.3%) none; (56.3%) none-some; and (37.5%) some-always.  According to the 24 

hour dietary recall data, the control group consumed an average of 3.64 mcg of 

dietary vitamin D daily. 

     In the vitamin D group, 2 (20%) were male and 8 (80%) were female.  The 

vitamin D group had a mean age of 50.9 ± 9.07 (mean ± SD) years as patients ranged 

from 41-67 years of age.  All patients in the vitamin D group were white (100%).  

The vitamin D group had a mean pre-surgery BMI of 50.63 ± 5.9 (mean ± SD).  Eight 

(80%) patients had gastric bypass surgery and 2 (20%) patients had biliopancreatic 

diversion with duodenal switch surgery.  Three (30%) patients had diabetes. 

     The vitamin D group had an average of 72.5 minutes of sunlight exposure daily.  

The sunscreen use varied from 20%-never-occasional use; 50%-occasional use; and 

30%-occasional-always using sunscreen.  One (10%) subject in the vitamin D group 

reported using tanning bed treatments during the study.  Multivitamin use included 

30% patients that took it after surgery and 70% used multivitamins both before and 

after surgery.  The vitamin D group included 60% of the patients that used calcium 

supplements after surgery and 40% of patients reported using calcium supplements 
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both before and after surgery.  Vitamin D supplement usage after surgery was 

reported in 70% of the vitamin D group patients and 30% of patients reported using 

vitamin D supplements both before and after surgery.  Other nutrient and herbal 

supplement usage included 10% of the patients reporting none-always and 90% 

reporting some-always.  According to the 24 hour dietary recall, the vitamin D group 

consumed 2.3 mcg/day of dietary vitamin D.  Demographic and baseline data on sun 

exposure, dietary vitamin D, and supplement use can be further evaluated in Table 

5. 
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Table 5 Demographic and Baseline Sun Exposure, Dietary Vitamin D, and 

Supplement Use Questionnaire Data by Study Group 

Characteristic Control 

Group 

N=22 

Vitamin D 

group 

N=10 

P Value 

Age (yrs) 

Mean ±SD 

33-63 years 

48.23± 10.46 

years 

41-67 years 

50.9 ± 9.07 

years 

 

0.492 

Sex (% Female) 81.8% 80% 0.907 

Race (%) 

   White 

   Non-white 

 

W=63.6% 

NW=36.4% 

 

W=100% 

 

0.028* 

Mean Pre-surgery 
BMI 

49.46 ± 9.63 50.63 ± 5.9 0.727 

Surgery (%) 

RYGB 

DS 

 

RYGB=63.7% 

DS=36.4% 

 

RYGB=80% 

DS=20% 

 

0.371 

Diabetes (%) 50% 30% 0.306 

Approximate Daily 

of Sun 

Exposure(Minutes) 

119.06 min 72.5 min 0.412 

Sunscreen use (%) 8-Never 

5-

Occasionally 

3-Always 

2-Never 

8-

Occasionally 

0.684 

Have Tanning 

Treatments (%) 

Yes-2 Yes-1 0.740 
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*There was a significant difference (p<0.05) among group questionnaire data; 

independent sample t-test 

 

Baseline Data 

     At baseline, mean serum 25 (OH) D levels were below adequate (<30 ng/mL) in 

the control group, 21.86 ± 11.41 ng/mL (mean ± SD), and the vitamin D group, 26.1 

± 9.23 ng/mL.  There were no significant differences seen between control and 

vitamin D group means at baseline for serum 25 (OH) D levels (p=0.311).  There was 

no significant difference between baseline values in the control and vitamin D group 

in serum calcium levels (9.25 ± .38 versus 9.42 ± .48 mg/dL; p=0.302) or 

hemoglobin A1c levels (6.78 ± 1.26 versus 6.05 ± .50%; p=0.450).  Body Mass Index 

(BMI) was determined at baseline with no significant difference between the control 

No-20 No-9 

Multivitamin Use Yes-21 

No-1 

Yes-10 0.440 

Calcium 

Supplement Use 

Yes-21 

No-1 

Yes-10 0.440 

Vitamin D 

Supplement Use 

Yes-16 

No-6 

Yes-7 

No-3 

0.710 

Other Nutrient or 

Herbal 

Supplement Use 

Yes-15 

No-7 

Yes-10 0.134 

Estimated Dietary 

Vitamin D Intake 

3.64 mcg/day 2.3 mcg/day 0.654 
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and vitamin D group (49.46 ± 9.63 versus 50.63 ± 5.90 kg/m2; p=0.727).  Age was 

also recorded at the beginning of the study, and there were no significant 

differences between the two groups (48.23 ± 10.46 versus 50.9 ± 9.07 years; 

p=0.492).  The baseline mean values for these variables can be seen in Table 6. 

     Subjects underwent two types of bariatric surgery, roux-en-y gastric bypass 

(RNY) or biliopancreatic diversion with duodenal switch (DS), at the beginning of 

the study.  There was no significant difference in baseline serum 25 (OH) D levels 

among the different surgeries, (RNY)serum 25 (OH) D levels (23.1 ± 10.43 ng/mL vs 

(DS) serum 25 (OH) D levels 23.36 ± 12.23 ng/mL); p=0.951  Baseline serum 25 

(OH) D levels were significantly different among races, white subject serum 25 (OH) 

D levels (25.85 ± 10.58 ng/mL) vs non-white subject serum 25 (OH) D levels (15.18 

± 7.28 ng/mL); p=0.013.  The differences between gender and their baseline serum 

25 (OH) D levels were not significant, female serum 25 (OH) D levels (24.34 ± 11.18 

ng/mL) vs male serum 25 (OH) D levels (18.17 ± 7.99 ng/mL); p=0.213.  The 

differences in baseline serum 25 (OH) D levels in regards to subjects’ diabetic status 

were not significantly different; non-diabetics serum 25 (OH) D levels (25.23 ± 9.01 

ng/mL) vs diabetics serum 25 (OH) D levels (20.55 ± 12.64 ng/mL); p=0.231.  These 

baseline mean values can be seen in Table 7.
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Table 6: Baseline Values for Subjects in Control and Vitamin D Groups 

  Control  Vitamin D  

 N Pre-Trial N Pre-Trial P 

Serum 25 

(OH) D 

(ng/mL) 

22 21.86 ± 11.41 10 26.1 ± 9.23 ng/mL 0.311 

Serum 

Calcium 

(mg/dL) 

22 9.25 ± .38 10 9.42 ± .48 0.302 

Hemoglobin 

A1c (%) 

22 6.78 ± 1.26 10 6.05 ± .50 0.450 

BMI (kg/m2) 22 49.46 ± 9.63 10 50.63 ± 5.90 0.727 

Age (years) 22 48.23 ± 10.46 10 50.9 ± 9.07 0.492 

There were no significant differences (p<0.05) among group baseline mean values; 

independent sample t-test 
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Table 7: Baseline serum 25 (OH) D (ng/mL) for types of surgery, race, gender, 

and diabetic status. 

 N Serum 25 (OH) D 

(ng/mL) 

P 

RNY 

DS 

22 23.1 ± 10.43 
0.951 

10 23.36 ± 12.23 

White 

Non-white 

24 25.85 ± 10.58 
0.013* 

8 15.18 ± 7.28 

Female 

Male 

26 24.34 ± 11.18 
0.213 

6 18.17 ± 7.99 

Non-diabetic 

Diabetic 

18 25.23 ± 9.01 
0.231 

14 20.55 ± 12.64 

*There was a significant difference (p<0.05) in baseline serum 25 (OH) D (ng/mL) 

levels between races; independent sample t-test 
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1 Year Post-op Data 
 

After 1 year duration of the study, post-laboratory values were collected and can be 

seen in Table 8. 

Table 8: 1 Year Post-op Values for Subjects in Control and Vitamin D Groups 

  Control  Vitamin D  

 N 1 year post-op N 1 year post-op P 

Serum 25 

(OH) D 

(ng/mL) 

22 24.55 ± 8.87 10 38.53 ± 16.75 0.004* 

Serum 

Calcium 

(mg/dL) 

22 8.99 ± .32 10 9.21 ± .30 0.077 

Hemoglobin 

A1c (%) 

22 5.78 ± 1.03 10 5.1 ± .42 0.391 

BMI (kg/m2) 22 31.34 ± 5.63 10 31.78 ± 3.45 0.821 

*There was a significant difference (p<0.05) in 1 year post-op serum 25 (OH) D 

(ng/mL) levels between groups; independent sample t-test 
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Table 9: 1 Year Post-op serum 25 (OH) D (ng/mL) for types of surgery, race, 

gender, and diabetic status. 

 N Serum 25 (OH) D 

(ng/mL) 

P 

RNY 

DS 

22 30.99 ± 14.47 
0.197 

10 24.35 ± 9.55 

White 

Non-white 

24 32.83 ± 12.91 
0.003* 

8 17.18 ± 5.62 

Female 

Male 

26 29.01 ± 14.49 
0.937 

6 28.52 ± 7.42 

Non-diabetic 

Diabetic 

18 33.89 ± 13.92 
0.014* 

14 22.52 ± 9.66 

*There were significant differences (p<0.05) in 1 year post-op serum 25 (OH) D 

(ng/mL) levels; independent sample t-test
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Baseline vs 1 Year Post-op Data 
 

Differences between baseline and 1 year post-op data can be found in Table 10 
below. 

Table 10: Comparing Baseline Data vs 1 Year Post-op Data 

 Standard vitamin regimen Vitamin regimen + Monthly Vitamin D 

 N Baseline 1 Yr Post-

op 

P N Baseline 1 Yr Post-op P 

25(OH)D 

ng/mL 

22 21.86±11.42 24.55±8.87 0.194 10 26.1±9.23 38.53±16.75 0.046* 

Serum 

Calcium 

mg/dl 

22 9.25±.38 8.99±.32 0.012* 10 9.42±.48 9.21±.30 0.224 

Hemoglobin 

A1c % 

11 6.78±1.26 5.78±1.03 0.021* 2 6.05±.50 5.1±.42 0.033* 

BMI kg/m2 22 49.46 ± 9.63 31.34±5.63 0.000* 10 50.63 ± 5.9 31.78±3.45 0.000* 

Race - White 

subjects 

14 25.67 ± 11.79 28.76 ± 7.59 0.316 10 26.1 ± 9.23 38.53±16.75 0.046* 

*Baseline and 1 year post-op values were significantly different (p<0.05); paired 
sample t-test 

Table 11: Seasonal Variation Data 

 Standard vitamin regimen Vitamin regimen + Monthly Vitamin D 

 N Fall/Winter N Spring/Summer P N Fall/Winter N Spring/Summe

r 

P 

Baseline 

25(OH)D 

ng/mL 

11 22.94±14.82 11 20.77±7.18 0.668 7 27.14±9.06 3 23.67±11.15 0.615 

1 Yr 

Postop 

25(OH)D 

ng/mL 

11 23.77±10.31 11 25.32±7.60 0.693 7 33.46±9.64 3 50.37±26.14 0.153 

There were no significant differences (p<0.05) with seasonal variation in serum 25 
(OH) D levels; independent sample t-test 
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     A significant increase was seen in mean serum 25 (OH) D levels (26.1±9.23 versus 

38.53±16.75ng/mL; p=0.046) from baseline to 1 year post-op in the vitamin D 

group receiving additional 100,000 IUs ergocalciferol per month.  Six subjects 

(60%) in the vitamin D group had serum 25 (OH) D levels reach adequacy (>30 

ng/mL) 1 year post-op.  Prior to the study only 3 (30%) subjects in the vitamin D 

group already had adequate serum 25 (OH) D levels.  One (10%) subject in the 

vitamin D group never reached adequacy by the end of the study.  There was no 

significant difference in the mean serum 25 (OH) D levels from baseline to 1 year 

post-op in the control group (21.86±11.42 versus 24.55±8.87 ng/mL; p=0.194).  

Only 5 (23%) subjects in the control group had adequate serum 25 (OH) D levels 

prior to the study.  Five (23%) subjects in the control group reached adequate 

serum 25 (OH) D levels with standard vitamin regimen alone.  In the control group, 

12 (55%) subjects never reached adequate serum 25 (OH) D levels by the end of the 

study.  One (5%) subject in the control group with adequate serum 25 (OH) D (>30 

ng/mL) in the beginning became inadequate by the end of the study. 

     There was a significant difference in 1 year post-op mean serum 25 (OH) D levels 

between the control and vitamin D groups (24.55 ± 8.87 versus 38.53 ± 16.75 

ng/mL; p=0.004).  There were no other significant differences between 1 year post-

op values for serum calcium, hemoglobin A1c, and BMI.  Table 8 shows these data. 

     When comparing 1 year post-operative mean serum 25 (OH) D levels among 

types of surgery, there was no significant differences between RNY (22) subjects 

(30.99 ± 14.47) and DS (10) subjects (24.35 ± 9.55 ng/mL); p=0.197.  There was 
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significant difference seen in mean serum 25 (OH) D levels among white 24 (75%) 

subjects (32.83 ± 12.91) and non-white 8 (25%) subjects (17.18 ± 5.62 ng/mL); 

p=0.003.  Mean serum 25 (OH) D levels did not reach significant differences 

between female 26 (81.25%) subjects (29.01 ± 14.49) and male 6 (18.75%) subjects 

(28.52 ± 7.42 ng/mL); p=0.937.  Interestingly, there was a significant difference in 

mean serum 25 (OH) D levels in diabetic status.  Non-diabetic (18) subjects (33.89 ± 

13.92) had significantly higher levels than diabetic (14) subjects (22.52 ± 9.66 

ng/mL); p=0.014.  These 1 year post-op data can be seen in Table 9. 

     Seasonal variation was evaluated and there were no significant differences 

among subjects who began the study in Fall/Winter (September-February) versus 

Spring/Summer (March-August) in baseline and 1 year post-op mean serum 25 

(OH) D levels.  Table 11 shows this data. 

     There were 3 subjects that participated in tanning sessions for 4 months at the 

most and ranged from 1-3x/week.  This did not seem to have an effect on mean 

serum 25 (OH) D levels.  Those that tanned had baseline 25 (OH) D levels (19.06 ± 

6.06) and those that did not tan (23.84 ± 11.47 ng/mL); p=0.488.  There was no 

significant difference in 1 year post-op mean serum 25 (OH) D levels either; those 

that tanned (30.90 ± 7.45) and those that did not tan (30.01 ± 14.93 ng/mL); 

p=0.921. 

     In the control group, 3 (13.6%) subjects encountered no problems with 

maintaining adequate serum 25 (OH) D levels, 12 (54.6%) subjects had inadequate 
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serum 25 (OH) D levels and were encouraged to comply with standard 

vitamin/mineral regimen for post bariatric surgery patients, and 7 (31.8%) subjects 

had inadequate serum 25 (OH) D levels and increased their vitamin D regimen by 

2000 IUs daily.  Two of these subjects had to further increase their vitamin D 

supplement intake to 10,000 IUs daily to improve their serum 25 (OH) D levels.  The 

vitamin D group had 8 (80%) subjects that had no problems maintaining adequate 

serum 25 (OH) D levels, 1 (10%) subject had an inadequate serum 25 (OH) D level 

and was encouraged to comply with standard vitamin/mineral regimen for post 

bariatric surgery patients; and 1 (10%) subject had an inadequate serum 25 (OH) D 

level and increased their vitamin D regimen by 2000 IUs daily then further 

increased their regimen to 10,000 IUs vitamin D supplement daily. 

     A significant decrease was seen in serum calcium levels in the control group (9.25 

± .38 versus 8.99±.32 mg/dL; p=0.012).  Seventeen (77%) subjects in the control 

group had slight decreases in serum calcium levels; however, no subject had serum 

calcium out of normal range of reference values (8.4 – 11.0 mg/dL).  There was no 

significant difference among serum calcium levels in the vitamin D group (9.42 ± .48 

versus 9.21 ± .30 mg/dL; p=0.224).  Five (50%) vitamin D subjects had slight 

decreases in serum calcium levels; however, no subject had serum calcium levels 

out of normal reference range. 

     Both the control and vitamin D groups had significant differences in baseline and 

1 year post-op hemoglobin A1c levels; control group (6.78 ± 1.26 versus 5.78 ± 

1.03%; p=0.021); vitamin D group (6.05±.50 versus 5.1±.42 %; p=0.033).  Eleven 
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subjects in the control group had hemoglobin A1c levels measured.  Of the 11 

subjects, 6 (55%) subjects had hemoglobin A1c levels become normal; 8 of the 11 

subjects hemoglobin A1c levels improved, 2 subjects remained normal but 

increased slightly and 1 subject’s hemoglobin A1c level worsened and remained 

abnormal.  Only 2 (20%) subjects in the vitamin D group had hemoglobin A1c levels 

collected; 1 subject’s level was abnormal and became normal by the end of the study 

and the other subject’s hemoglobin A1c level was in normal range and improved. 

     Both the control and the vitamin D groups had significant differences in their 

baseline and 1 year post-op BMI calculations; control group (49.46 ± 9.63 versus 

31.34±5.63; p=0.000); vitamin D group (50.63 ± 5.9 versus 31.78 ± 3.45; p=0.000).  

There were no significant differences among the control and vitamin D group when 

comparing mean weight loss and percent weight loss of excess body weight; 

p=0.380 and p=0.654 respectively.  The control group had a mean weight loss of 

(102.45 ± 35.92 lbs) vs the vitamin D group mean weight loss of (114 ± 28.92 lbs).  

Each subject had their percent weight loss of excess body weight calculated.  In the 

control group, 4 (18%) subjects had <50% weight loss, 15 (68%) subjects had <75% 

weight loss, 2 (9%) subjects had <100% weight loss and 1 (5%) subject had >100% 

weight loss of excess body weight.  In the vitamin D group, 1 (10%) subject had 

<50% weight loss and 9 (90%) subjects had <75% weight loss of excess body 

weight. 

     When comparing serum 25 (OH) D levels among races, the only race to compare 

between groups was white subjects due to the vitamin D group being 10 (100%) 
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Caucasian.  The control group had 14 (63.6%) white subjects.  There was no 

significant difference between pre and 1 year post-op data in the control group 

(25.67 ± 11.79 vs. 28.76 ± 7.59 ng/mL; p=0.316).  There was a significant difference 

between the vitamin D group subjects (26.1 ± 9.23 vs. 38.53±16.75 ng/mL; 

p=0.046).  There was no significant difference between baseline mean serum 25 

(OH) D levels for the control group 25.67 ± 11.79 compared to the vitamin D group 

26.1 ± 9.23 ng/mL; p= 0.925.  After 1 year post-op, the vitamin D group 

(38.53±16.75 ng/mL) had close to a significantly higher mean serum 25 (OH) D 

levels, than the control group (28.76 ± 7.59 ng/mL); p=0.066. 
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CHAPTER FIVE 

DISCUSSION AND LIMITATIONS 

 

     Bariatric surgery patients are at an increased risk for vitamin D deficiency for 

many reasons.  The majority of severely obese people will suffer from vitamin D 

deficiency due to the sequestration of vitamin D in the fat tissue.  Furthermore, 

malabsorption of vitamin D in severely obese patients who undergo bariatric 

surgery ultimately results from impaired fat absorption.42  This population can also 

have low vitamin D levels because of inadequate vitamin D intake and insufficient 

sun exposure.  A study by Jin et al. looked at supplementing vitamin D in amounts 

from 400-800 IUs/day and found this lead to no improvements in the vitamin D 

status of their gastric bypass patients as preoperative mean serum 25 (OH) D levels 

were 25.9 ± 1.2 ng/mL and 26.4 ± 1.6 ng/mL at one year post op.41  That study 

supplemented their subjects with vitamin D but did not account for correcting 

vitamin D deficiency in bariatric patients.  Carlin et al. evaluated a weekly 

supplement regimen in vitamin D-depleted extremely obese women who were 

randomly assigned to receive 50,000 IUs of vitamin D weekly after RYGB (group 1; n 

= 30) or no additional vitamin D after RYGB (group 2; n = 30).  All patients received 

a daily supplement of 800 IUs vitamin D and 1500 mg calcium.  After 1 year post-

trial, vitamin D depletion and mean 25(OH) D level had improved significantly in 

group 1 (14% and 37.8 ng/mL, respectively) compared with the values in group 2 
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(85% and 15.2 ng/mL, respectively; p<0.001 for both).15  It also showed a weekly 

regimen to be effective. 

     This study was designed to determine if a once monthly supplement of 

ergocalciferol would improve vitamin D status in gastric bypass and biliopancreatic 

diversion with duodenal switch (DS) surgery subjects.  Poor compliance in pill 

taking is often an obstacle in treatment of vitamin D deficiency in gastric bypass and 

DS subjects.  One barrier to successful management of less than optimal vitamin D 

status in bariatric surgery subjects was removed by this protocol with a once 

monthly versus daily supplementation regime.  Accountability of subject’s 

compliance consisted of coming to appointments with Dr. Syn for their follow-up 

visits and completion of questionnaires.  When subjects were not in the office, 

Shannon Owens, MS, RD, LD would instruct subjects over the phone to consume 

their once monthly supplement.  The current study demonstrated that bariatric 

surgery patients had a significant increase in serum 25 (OH) D levels after receiving 

an additional monthly oral dose of 100,000 IUs ergocalciferol for 1 year post 

bariatric surgery. 

 

Lower than Desirable Serum 25 (OH) D Levels are Common in Severely Obese 

Subjects 

     Vitamin D deficiency and insufficiency is a common problem among the severely 

obese population.  There are some theories as to why this is more prevalent in 
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morbid obesity: 1, 25 (OH)2 D enhancement and negative feedback control on the 

hepatic synthesis of 25 (OH) D; 2) less exposure to solar ultraviolet radiation; 3) and 

decreased bioavailability of vitamin D due to enhanced uptake and clearance by 

adipose tissue.81  Obesity is a key factor influencing the bioavailability of vitamin D 

and contributes to prevalence of vitamin D deficiency. 

     Several studies confirmed the finding in the current study that a majority of obese 

subjects are vitamin D insufficient.  Aasheim et al. examined 110 patients (76 

women) and 58 healthy controls (30 women) not taking multivitamin supplements.  

They found that the severely obese women and men had significantly lower 

concentrations of 25 (OH) D than the control group.  The mean serum 25(OH) D 

value for females of 16.64 ± 8.8 ng/mL was slightly lower to the mean serum value 

in our study for females of 24.34 ± 11.18 before surgery.  For males the mean serum 

25 (OH) D values of 13.6 ±6 was similar to the mean serum value in our study for 

males of 18.17 ± 7.99 ng/mL before surgery.  All mean serum 25 (OH) D values were 

insufficient prior to surgery.  In the Aasheim et al. study, the 25 (OH) D level was 

lower in a substantial proportion of the patients (11–38%).4  Flancbaum et al. 

looked at preoperative nutritional status among 379 patients (320 women and 59 

men) undergoing bariatric surgery and found that 68.1% of patients had 25 (OH) D 

deficiency prior to surgery.24  Ybarra et al. conducted a study on 144 patients of 

whom 80 had not undergone bariatric surgery, while 64 had bariatric surgery at a 

mean of 36 months previously.  They found 80% of the patients presented low 

vitamin D levels and further stated that low vitamin levels are not significantly 
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affected by bariatric surgery.  They stated that it seems advisable to support vitamin 

D supplementation in the severely obese population.84  The mean serum 25 (OH) D 

levels for the subjects not having bariatric surgery was 13.88 ± 5.88 ng/mL and 

subject 36 months post bariatric surgery had a similar mean serum 25 (OH) D value 

of 13.56 ± 7.56 ng/mL, which is lower than the subjects in our study.  None of their 

subjects were on calcium or vitamin D supplements, which showed surgery may not 

have an effect on vitamin D status.  Both the control and vitamin D groups of our 

study had inadequate vitamin D (<30 ng/mL) levels prior to the initiation of the 

study with mean ± SD serum 25 (OH) D levels of 21.86±11.42 ng/mL in the control 

group and 26.1±9.23 ng/mL in the vitamin D group.  Our findings were similar to 

that of Flancbaum et al. and Ybarra et al. in that 75% of the subjects had inadequate 

serum 25 (OH) D levels when presenting for surgery compared to their 68.1% and 

80% presenting with low vitamin D levels pre-operatively.84, 24 

 

Other Factors Associated with Lower Vitamin D Status Prior to Surgery 

     Race, particularly African American race, has an effect on serum 25 (OH) D levels 

due to increased melanin production in the African American patients can limit the 

amount of cutaneous vitamin D absorbed through the sunlight.  Also, the oral intake 

of vitamin-D-fortified dairy products is lower in the African American patients 

because of higher prevalence of lactose intolerance.41  Jin et al. evaluated 145 

preoperative gastric bypass patients and looked at factors that could lead to vitamin 
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D deficiency postoperative.  Their findings were that African American female 

patients undergoing gastric bypass were ten times more likely to develop vitamin D 

deficiency than Caucasian female patients.41  Flancbaum et al. looked at 

preoperative nutritional status of patients undergoing gastric bypass and found that 

African Americans as well as white patients had higher prevalence of vitamin D 

deficiency than Hispanics.24  One other study by Stein et al. showed low 25 (OH) D 

levels were particularly prevalent among African American subjects when looking at 

dietary vitamin D, sun exposure, PTH and 25 (OH) D in 56 obese men and women.  

They report the African American race was independently associated with 

decreased 25 (OH) D levels (r= -0.35, P<0.01) and that these subjects were nearly 

twice as likely as white subjects to have vitamin D deficiency.77  Our study had 

similar findings as our non-white patient population had a significantly lower serum 

25 (OH) D levels of 15.18 ± 7.28 ng/mL compared to our white subjects with mean 

serum 25 (OH) D levels of 25.85 ± 10.58 ng/mL.  However, we did not have the same 

findings of white patients having lower levels than Hispanic patients. 

     Diabetes has a relation to low serum 25 (OH) D levels.60  Low vitamin D 

influences glucose intolerance, and vitamin D supplementation improves glycemia 

and insulin secretion in patients with type 2 diabetes.60  Vitamin D has been shown 

to help insulin secretion in type 2 diabetics and also improves insulin sensitivity in 

women with gestational diabetes.60  Some researchers state that a genetic variant of 

the VDR gene can also be a contributor to the development of type 2 diabetes.60  In a 

study conducted by McGill et al. looking at how vitamin D3 was related to measures 
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of fat mass, metabolic syndrome markers, hemoglobin A1c and metabolic syndrome 

in a cross-sectional sample of 250 overweight and obese adults of different 

ethnicities.  They found that serum vitamin D3 was inversely related to weight, BMI, 

and markers of type 2 diabetes (large waist, raised hemoglobin A1c) but not to 

adipose tissue nor to metabolic syndrome per se.54  Ye et al. concluded from their 

study, investigating VDR as a candidate gene for type 2 diabetes mellitus, that VDR is 

not a major gene for type 2 diabetes mellitus; however, polymorphisms in the VDR 

gene are associated with the susceptibility to obesity in subjects with early-onset 

type 2 diabetes mellitus.  This could be a direct effect of vitamin D in adipocyte 

differentiation and metabolism or to an indirect effect by modulation of insulin 

secretion.85  There are many suggested reasons as to what causes vitamin D 

inadequacy and how it affects prevalence of type 2 diabetes, and our study confirms 

this association as well.  Our study was similar to Poires et al. who looked at 

bariatric surgery and its effect on diabetes and found 34% of subjects to be glucose 

impaired preoperatively and 86.5% of these subjects reverted back to euglycemia.65  

Fourteen (43.75%) of our subjects were diabetic and 69.2% of these subjects 

improved to normal hemoglobin A1c. 

 

High Dose Ergocalciferol Supplementation Improves Serum 25 (OH) D in Bariatric 

Surgery Subjects 
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     As Jin et al. indicated in their study with vitamin D replacement supplements in 

amounts from 400-800 IU/day, which led to no improvements in the vitamin D 

status of their gastric bypass patients as preoperative mean serum 25 (OH) D levels 

were 25.9 ± 1.2 ng/mL and 26.4 ± 1.6 ng/mL at one year post op.41  It is imperative 

for patients, which are severely obese and presenting for bariatric surgery, to have 

vitamin D levels assessed and started on a vitamin D supplement.  However, the 

daily recommended amount for adults doesn’t seem to be adequate for this patient 

population.  This study along with others demonstrates that a high dose 

ergocalciferol supplement can improve vitamin D levels. 

     One study used different doses of vitamin D supplementation to determine how 

best to treat vitamin D deficiency among bariatric surgery patients.  Goldner et al. 

evaluated three doses of vitamin D3 (800, 2,000, and 5,000 IU/day) in 45 patients 

undergoing Roux-en-Y gastric bypass.  At 12 months, the 800-, 2,000-, and 5,000-IU 

groups had a significantly higher mean serum 25 (OH) D level than preoperatively 

(p = <0.001) and had mean ± SD increase in 25 (OH) D of 27.5 ± 40.0 (11 ± 16), 

60.2 ± 37.4 (24.08 ± 14.96), and 66.1 ± 42.2 nmol/L (26.44 ± 16.88 ng/mL), 

respectively.25  The end values were 75.3 ± 64.8 (30.1 ± 25.9), 97.7 ± 60.7 (39.08 ± 

24.26), 123.4 ± 68 nmol/L (49.34 ± 27.18 ng/mL), respectively. At the end of the 

current study, the mean serum 25 (OH) D was significantly higher (p=0.046) in 

subjects that received the additional monthly 100,000 IUs ergocalciferol than in 

subjects that received the standard regimen with a mean increase of 12.43 ± 7.52 

ng/mL and 70% of subjects improving serum 25 (OH) D levels greater than 30 
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ng/mL.  Our results were similar to Goldner et al. doses of 2,000 IUs vitamin D3 as 

our mean end value was 38.53 ± 16.75 ng/mL.  We also had similarities with the 2, 

000 and 5, 000 IUs vitamin D3, in % of improvement of vitamin D level, as Goldner et 

al. showed 44%, 78%, and 70% that achieved 25 (OH) D levels ≥75 nmol/L (≥30 

ng/mL) (p = 0.38) after receiving 800, 2,000, and 5,000 IUs vitamin D3 daily for 1 

year, respectively.25  Our daily dose of vitamin D averaged 3333 IU of vitamin D2.  

Our results were less significant than Goldner et al.; this could be due to the use of 

vitamin D3, which is shown to be better absorbed.  Also one group received a slightly 

higher dose in one arm of their study than the current study. 

     Interestingly, our findings were similar to another study conducted by Carlin et 

al. where 60 vitamin D-depleted morbidly obese women received 50,000 IU of 

vitamin D weekly after RYGB (group 1; n = 30) or no additional vitamin D after 

RYGB (group 2; n = 30).  All patients received a daily supplement of 800 IU vitamin 

D and 1500 mg calcium.  The serum 25 (OH) D was measured preoperatively and 1 

year after RYGB and their results were mean 25 (OH) D level significantly improving 

in group 1 (37.8 ng/mL) compared with the values in group 2 (15.2 ng/mL; p 

<0.001).15  The significance was greater in Carlin et al. study, which is very likely 

due to their 50,000 IUs weekly dose (200,000 IUs monthly) compared to our 

100,000 IUs monthly dose.  Also their subjects had a lower baseline mean serum 25 

(OH) D levels than our study.  However, our 1 year post-op mean serum 25 (OH) D 

levels were very similar. 
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     A study conducted by Nelson et al. looked at 95 patients who underwent RYGB 

and prescribed 50,000 IUs ergocalciferol weekly for patients with deficient 25 (OH) 

D levels.  The remaining patients received an average of 710 IUs of vitamin D3 daily.  

Baseline and 1 year post-op 25 (OH) D levels were assessed.  Mean preoperative 25 

(OH) D level was 49.7 ± 26.5 nmol/L (19.88 ± 10.6 ng/mL).  One year after surgery, 

the group receiving 50,000 IUs ergocalciferol weekly  had a mean 25 (OH) D level of 

69.2 ± 22.2 (27.68 ± 8.88 ng/mL); p=0.001; and the group taking 710 IUs vitamin D3 

had a mean 25 (OH) D level of 85.5 ± 33.0 nmol/L (34.2 ± 13.2 ng/mL); p=0.001.56  

Although the current study’s subjects had a higher preoperative mean 25 (OH) D 

level, there was also a higher mean 25 (OH) D level post trial than either the 50,000 

IUs ergocalciferol weekly or 710 IUs vitamin D3 daily groups with mean 25 (OH) D 

level 38.53±16.75 ng/mL 1 year after surgery.  The current study had a lower 

significant difference; however, the Nelson study used higher monthly doses and a 

better absorbed vitamin D in one arm of the study.  Table 12 shows some previous 

studies and their outcomes. 

 

Different Doses and Forms of Vitamin D Supplementation 

     It seems that taking a vitamin D supplement is necessary for obese patients and 

especially important for severely obese patients presenting for bariatric surgery.  It 

also appears that regardless of dose, form, administration schedule, and length of 

time of the studies, vitamin D supplementation improves serum 25 (OH) D levels.  
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However, it is important to determine the most effective treatment for vitamin D 

deficiency.  When looking at just different dosing regimens, Shalom et al. conducted 

a study with different dosing protocols among elderly women who had undergone 

surgery to repair hip fracture.  The subjects were given a daily, weekly, and monthly 

vitamin D3 supplementation.  All groups showed significant increases and there 

were no significant differences in vitamin D levels between the different dosing 

groups.73  Another study by Saadi et al. evaluated ergocalciferol supplementation at 

2,000 IUs daily or 60, 000 IUs monthly in lactating women.  Both regimens increased 

serum 25 (OH) D levels significantly; however only a small portion of the subjects 

achieved adequate concentrations of ≥50 nmols/L (20 ng/mL).70  Higher doses of 

ergocalciferol may be necessary to increase serum 25 (OH) D levels. 

     Many research studies show ergocalciferol (vitamin D2) to be less potent than 

vitamin D3.  Vitamin D2 at the time of this study was the only calciferol in high dose 

form, which gave it a small advantage in treating inadequate serum vitamin D levels.  

It could be given in weekly and monthly doses instead of daily.  However, most 

studies show vitamin D3 to increase serum 25 (OH) D more significantly than 

vitamin D2.  Lehmann et al. researched doses of 50 µg (2000 IUs) vitamin D2 or D3 

daily in healthy subjects.  At the end of 8 weeks, vitamin D3 increased the 25 (OH) D 

levels more than vitamin D2.45  Heaney et al. also demonstrated vitamin D3 to be 

more potent than vitamin D2 by using 50,000 IUs/week for 12 weeks of calciferols.  

They showed vitamin D3 to be 87% more potent in raising and maintaining serum 

25 (OH) D levels than vitamin D2.30  Some studies show vitamin D2 to be as effective 
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as vitamin D3.  Holick et al. evaluated 1000 IUs vitamin D3, 1000 IUs vitamin D2 and 

500 IUs vitamin D2 plus 500 IUs vitamin D3 daily for 11 weeks in healthy adults.  

They found that all 3 groups circulating levels of 25 (OH) D increased to the same 

extent.33  Stein et al. conducted a pilot treatment study in vitamin D deficient 

patients prior to bariatric surgery.  They used 50,000 IUs vitamin D2 or 8,000 IUs 

vitamin D3 weekly for 8 weeks and found that both treatment groups had significant 

increases in levels of 25 (OH) D and that greater increases were seen in the vitamin 

D2 group.  However, when PTH levels were compared there was a significant decline 

in the vitamin D3 group while only trending downwards in the vitamin D2 group.77 

     For different dosing regimens of vitamin D supplementation, it may be most 

advantageous to let the patient choose which approach would optimize their 

compliance to improve their vitamin D levels.  Some patients, especially bariatric 

surgery patients who have a heavy vitamin pill burden, might comply better and 

improve their vitamin D levels with a monthly dose compared to a daily dose.  Our 

study results are consistent with findings that vitamin D2 can effectively raise 25 

(OH) D levels; however, we did not compare vitamin D2 with a vitamin D3 regimen 

nor did we have PTH levels to analyze.  In the different study comparisons it may be 

difficult to draw conclusions about which type or administration schedule for 

vitamin D is best in the bariatric surgery patient population, but the vitamin D 

protocols all resulted in improvement in mean serum vitamin D levels.  More studies 

need to be done to further elucidate different vitamin D protocols and their effect on 

other variables in vitamin D and calcium homeostasis.  As numerous subjects did 
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not have adequate vitamin D status after the various vitamin D supplementation 

regimes reported in the literature, more research is needed to develop a protocol to 

improve vitamin D status in bariatric surgery subjects.
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Table 12: Studies reporting vitamin D intake among bariatric surgery subjects 

and their outcomes. 

First 

Author, 

year (Ref) 

Type of 

Surgery 

N Mean Daily 

Dose Vit D 

Form 

of Vit 

D 

Study 

Duration 

Pre-

25(OH)D 

ng/mL 

Post-

25(OH)D 

ng/mL 

P 

value 

Mahdy 

2008 

RYGB 70 800IU D3 1 year 19.96±3.01 21.05±2.81 0.093 

Carlin 2008 RYGB G1 30 

G2 30 

G1 

800IU+add’l 

7,143 IU 

G2 800 IU 

G1 D3+ 

add’l 

D2 

G2 D3 

1 year G1 19.7±8.5 

G2 18.5±9.4 

G1 

37.8±15.6 

G2 15.2±7.5 

<0.001 

Goldner RYGB 800- 

6 

2000- 

8 

5000- 

9 

800-, 2,000-, 

5,000-IU 

D3 2 years 800-

19.1±9.9 

2,000- 

15.0±9.3 

5,000-

22.9±10.3 

800-

42.78±28.58 

2,000- 

26.48±23.18 

5,000-

48.26±23.98 

<0.017 

Nelson 

2007 

RYGB G1 40 

G2 55 

G1 

710IU+add’l 

7,143 IU 

G2 710 IU 

G1 D3+ 

add’l 

D2 

G2 D3 

1 year G1 

12.68±5.08 

G2 

25.12±10.48 

G1 

27.68±8.88 

G2 

34.2±13.2 

<0.001 

Aarts 

(2011) 

RYGB 14 50,000 IU D3 14 days 15.2±1.6 30.6±1.24 <0.001 

RYGB, Roux-en-y-gastric bypass; N, Number; G1, Group 1; G2, Group 2 

 

Other Results 

     Our study did not find significant differences in mean weight loss among the 

control and vitamin D groups; p=0.587, which is very similar to Goldner et al study 

that found mean weight loss not to be significantly different among their study 
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groups; p=0.52.25  Stein et al. found similar findings as our study in that BMI was not 

significantly different among control and experimental groups.77  Again, our study 

like Goldner et al. and Stein et al., found no significant differences in serum calcium 

over the course of study, nor did they differ between groups.25, 77  No subject in our 

study complained of any adverse symptoms nor had evidence of hypercalcemia 

during the study. 

 

Limitations 

     Limitations of this study included a relatively low number of subjects.  The study 

was not placebo controlled or single or double blinded making some bias possible. 

The laboratory where the serum analyses were performed did not know to which 

group subjects had been assigned.  Other limitations included the compliance of 

subjects’ sun exposure.  A questionnaire was administered to each participating 

subject asking questions about sun exposure and tanning.  Although sun exposure and 

tanning beds were discouraged during the study, compliance may not always have 

been manageable.  An acute toxicity related to seasonal variation could not be 

completely analyzed due to lack of 3 month laboratory blood work not being done by 

every subject.  Compliancy for follow-up visits and laboratory blood work was 

dependent solely on the subjects, and as many subjects were located out of town, this 

could not be maintained as well.  Many subjects were lost because of this and led to a 

small number of subjects completing the study.  Limitations on the type of vitamin D 
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being administered exist; D2 was administered rather than the more absorbable type 

by the body, D3, due to the ability of D2 was available in one single pill rather than 

multiple pills for the subjects to consume at the time the study was initiated. 
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CHAPTER SIX 

CONCLUSION 

 

     In conclusion, our study demonstrates that bariatric surgery subjects have 

inadequate serum 25 (OH) D levels prior to having surgery.  Our results indicated 

that a once monthly high dose ergocalciferol supplement will significantly increase 

serum 25 (OH) D in the experimental group that was treated after 1 year.  The 

findings of this study showed 100,000 IUs ergocalciferol once a month is a safe and 

effective treatment for vitamin D deficiency and insufficiency in most patients 

having bariatric surgery. 

     The results of this study focus on the advantageous effect of vitamin D 

supplementation in bariatric surgery patients.  The results also have given lead to 

future research in this area in regards to factors such as diabetes and race and their 

effect on vitamin D replenishment after bariatric surgery as well as monthly 

therapeutic doses of cholecalciferol treatment, rather than ergocalciferol treatment, 

in the bariatric surgery population.  With further research, better treatment 

regimens can be found to help the bariatric surgery patient with compliancy in their 

vitamin/mineral supplementation and improve vitamin/mineral deficiencies and 

insufficiencies.  Also more research is needed to find the optimal dose of vitamin D 

to give to help prevent and treat vitamin inadequacy in the bariatric surgery 

population. 
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Appendix A 

 

WRITTEN CONSENT TO PARTICIPATE IN A RESEARCH STUDY 

 

THE USE OF A MONTHLY VITAMIN D SUPPLEMENT TO IMPROVE VITAMIN D 

STATUS IN GASTRIC BYPASS SUBJECTS 

INTRODUCTION 

 You are being asked to participate in a study by L. Mallory Boylan, PhD., L.D., 
R.D Associate Professor at Texas Tech University’s College of Human 
Sciences, Department of Nutritional Sciences (phone number 806 742-3068). 
You have been asked to take part in this study because you are a gastric 
bypass surgery patient of Dr. David Syn. About 100 people will be asked to be 
subjects in this study. Half of the subjects in this study will be asked to take  2 
vitamin D gelcaps once a month containing 100,000 IU of a kind of vitamin D 
called ergocalciferol and half of the subjects will not take this additional 
vitamin D supplement each month. All subjects will take the usual vitamin D 
and calcium supplements as routinely recommended by Dr. Syn. You would 
have your routine blood sample taken to determine vitamin D levels in your 
blood which is included in your usual blood analysis before and after surgery 
and the researchers will obtain information from your medical record on 
your blood test results and tests (bone scan) to determine how much calcium 
is in your bones as well as any bone related abnormalities. 

 Taking part in this study is your choice.  Please read the information 
below, and ask questions about anything you do not understand, before 
deciding whether or not to take part. 

PURPOSE OF THE STUDY 

 Many patients have difficulty keeping the vitamin D levels in their blood at 
normal levels after gastric bypass surgery.  Vitamin D is important for 
keeping enough calcium in your bones.  This is important for the strength of 
your bones.  The purpose of this study is to determine if a supplement with 
higher doses of vitamin D taken once a month in addition to your regular 
calcium and vitamin D supplements is associated with a positive effect on 
your blood vitamin D and calcium levels and bone scan results. 

PROCEDURES 

 You will be randomly assigned to either the control group that gets usual 
care or the treatment group that will take additional vitamin D supplements 
(100,000 IU of ergocalciferol and a snack (such as 1 tsp of margarine on a 
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saltine cracker or 1 Tbsp of cream) in addition to the usual vitamin D and 
calcium supplements. You will not be able to choose the group that you will 
be in. 

 I. If you volunteer to take part in this study, we would ask you to do the 
following and                       it would take less than one hour on one day of the 
study: Answer questions about your medication, supplement intake, and sun 
exposure. Allow us to obtain laboratory test and bone scan test results and 
medical history from your medical record regarding any problems related to 
your bones. If you are in the group that does not take the vitamin D 
supplement, when you return for your scheduled post operative visits, Ms. 
Owens-Malett will obtain information about your supplement, medication 
use and sun exposure during your routinely scheduled visit with the 
dietitian, and she will obtain laboratory test results, and bone scan results 
from your medical record. You will not have to meet with her regarding this 
information for the research study. 

 II. If you are in the experimental group taking additional vitamin D, you will 
need to come to Dr. Syn’s clinic once a month for a year and take 2 vitamin D 
caplets with a snack containing some fat and answer questions about your 
medication, supplement intake, and sun exposure. This will take 10-15 
minutes. You will discuss with the dietitian any food allergies or intolerances 
that you have and report to her nausea, itching, thirst, and excess urination 
that you are experiencing and she will give this information to Dr. Syn.  This 
will be a 10-15 minute visit each month for individuals in the experimental 
group who are taking the additional monthly vitamin D supplement. 
Individuals in the control group who are not taking the additional vitamin D 
supplement will not see the dietitian every month as described above. 

 III. Subjects in both the control and experimental groups will be having blood 
drawn prior to surgery and at 3, 6, and 12 months post surgery as per the 
usual treatment protocol at Dr. Syn’s office.  This is a total of 18 mL or about 
1.25 Tablespoons of blood drawn at each visit. No additional volume of blood 
will be drawn due to participation in this study as we will use the results of 
blood tests that Dr. Syn does routinely. 

POTENTIAL RISKS AND DISCOMFORTS 

 Since the researchers only will be accessing the values obtained by the 
physician, your participation in this study adds no further risk than that for a 
patient undergoing the gastric bypass surgery but not in the study. For your 
routine blood work you will have approximately 1.25 Tablespoons of blood 
drawn. As with any blood draw, there will be the possibility of pain, infection, 
and blood clot or bruising at the site of the blood draw. 

 Vitamin D has the potential to be toxic at very high doses but the doses used 
in this study do not exceed amounts found in other studies where no 
problems were reported. If your blood calcium or vitamin D levels become 
higher than normal you will not be given any more vitamin D and will be 
with withdrawn from the study. Vitamin D toxicity is characterized by 
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nausea, itching, thirst, and excess urination. You will be questioned each time 
you are given a vitamin D caplet about any of these symptoms and 
withdrawn from the study if you have these symptoms. Please call Dr. Syn’s 
office and ask to speak to Dr. Syn or Ms. Owens-Malett if you have these 
symptoms at any time. 

POTENTIAL BENEFIT 

 If you are in the experimental group, you will receive free vitamin D 
supplements and your vitamin D levels in your blood may by improved. 

FINANCIAL OBLIGATION 

 This research is supported by the Dr. Boylan’s research incentive funds from 
Texas Tech University. People who take part in the study are not responsible 
for any costs. The cost for the scan and blood analysis will be covered or 
submitted to your insurance carrier as would be done for any patients 
undergoing the gastric bypass surgery at the Advanced Bariatric Surgery 
Center under Dr. Syn’s care but  who is not in the study.   Neither you nor 
your insurance company will be billed for any additional services related to 
your taking part in this research. 

PRIVACY AND CONFIDENTIALITY 

 The research team and your doctor, dietitian, and nurses will know that you 
are taking part in a study.  Your information will be kept private.   

 No information about you will be given out without your permission. All 
record will be kept in Dr. Syn’s medical office in a locked cabinet or will be in 
your Medical Records at Dr. Syn’s office and only the research and/or clinic 
staff will have access. Your information in Dr. Boylan’s computer will have a 
code number on it but not your name. All documents except your consent 
form that have your name on them will be destroyed after the information is 
recorded.  When the results of the research are published or discussed in 
conferences, no information about you or your name will be included.                       

PARTICIPATION AND WITHDRAWAL 

 Whether or not your take part in this research is your choice.  If you agree to 
take part but later decide not to, you may drop out.  Just tell Dr. Syn that you 
do not wish to participate in the study and you will not be given any more 
vitamin D capsules. 

NEW FINDINGS 

 You will be told about any changes that have to be made in the study and told 
all your laboratory test results and you may decide to drop out of the study at 
anytime. 

RIGHTS OF RESEARCH SUBJECT 
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 Dr. Boylan or her collaborators agreed to answer any inquiries that you may 
have concerning the procedures and has informed me that I may contact the 
Texas Tech University Institutional Review Board for the Protection of 
Human Subjects by writing to them in care of the Office of Research Services, 
Texas Tech University, Lubbock,Texas 79409, or by calling 742-3884. 

 This consent form is not valid after __________ 
SIGNATURE OF RESEARCH SUBJECT 

My signature below shows: 
 I have read this form and understand what it means 
 I have had a chance to ask questions and have had these questions 

answered to help me understand the study 
 I agree to participate in this research study; and 
 I will be given a copy of the signed permission form. 
 

                     ________________________________________ 

Name of subject 

 

                    _________________________________________         _________________ 

Signature of subject     Date 

SIGNATURE OF INVESTIGATOR 

I have explained the research to the person and answered all of his/her 
questions.  I believe that he/she understands the information and freely 
decides to participate. 
 

        _________________________________________ 

        Name of investigator 

 

 

       ___________________________________________     __________ 

                     Signature of investigator     Date 
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Appendix B 

 

RECRUITMENT SCRIPT FOR 

 

THE USE OF A MONTHLY VITAMIN D SUPPLEMENT TO IMPROVE VITAMIN D 

STATUS IN GASTRIC BYPASS SUBJECTS 

 

 

 Dr. David Syn, Dr. Mallory Boylan, Shannon Owens-Malett, and other 
researcher team members are requesting your participation in a research 
study.  We are asking you to participate in this study because you are a 
gastric bypass patient of Dr. David Syn. 

 This study is researching the use of a monthly Vitamin D supplement to 
improve vitamin D status in gastric bypass patients.  Many gastric bypass 
patients struggle to keep the vitamin D levels in their blood at normal levels 
after having gastric bypass surgery.  Inadequate vitamin D status can lead to 
weakening of the bones and poor immune system function.  We want to find 
out if taking a higher dose of vitamin D once a month in addition to regular 
calcium and vitamin D supplements will help with blood vitamin D levels and 
bone scan results. 

 Half of the patients in this study will take 2 vitamin D gelcaps once a month 
containing 100,000 IU of Vitamin D called ergocalciferol and the other half of 
the patients will not take the additional vitamin D supplement each month.  
Subjects will be randomly assigned to a group so you will not be able to 
choose which group you are in. All subjects will be instructed to follow our 
standard guidelines for taking calcium and vitamin D supplements and have 
regular follow-up care including measurement of blood levels of vitamin D 
and calcium prior to and at 3, 6, and 12 months after surgery. The 
researchers will obtain information from your medical record on your blood 
test results and bone scan results as well as any bone related abnormalities. 

 If you are assigned to the treatment group, you will be asked to come to Dr. 
Syn’s office once a month and will be given 2 vitamin D caplets containing a 
total of 100,000 IU of ergocalciferol and a snack containing some fat as 
vitamin D is a fat soluble vitamin and is better absorbed with fat.  The 
vitamin D supplement is not at a level associated with toxicity but if your 
serum calcium or vitamin D levels come back elevated your participation in 
the study will be discontinued. 

 Your decision to participate in this study is voluntary and will not affect your 
surgery. You may choose to discontinue participation in the study at anytime. 
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Mallory Boylan, PhD, RD, LD 

 

THE USE OF A MONTHLY VITAMIN D SUPPLEMENT TO IMPROVE VITAMIN D 

STATUS IN GASTRIC BYPASS SUBJECTS 

 

LAY SUMMARY 

I. RATIONALE:  

 Subjects who have gastric bypass surgery for morbid obesity often have 
problems maintaining normal vitamin D levels in their serum.  

 Inadequate vitamin D status may lead to weakening of the bones and poor 
functioning of the immune system.  

 The current protocol for gastric bypass patients at the office of Dr. David Syn, 
MD requires the patients to take vitamin D and calcium supplements 8 times 
per day. This requires diligence on the part of the subject and many people 
fail to take an adequate number of tablets per day. Even in many of those 
who are compliant, serum vitamin D levels fail to rise to acceptable levels. 

 Vitamin D can be toxic and toxicity has only been noted in individuals taking 
above 10,000 IU of vitamin D per day (300,000 IU/Month) and the amount of 
vitamin D in this study protocol is 4933 IU per day or 148,000 IU per Month. 
Vitamin D toxicity is characterized by high blood calcium levels, nausea, 
itching, thirst, and excess urination. In extreme cases tissues may become 
calcified and death may result. In a recent study in gastric bypass surgery 
patients, the subjects were given 200,000 IU per month (divided into weekly 
doses for one year) of ergocalciferol which is the type of vitamin D that will 
be used in this study and no signs or symptoms of vitamin D toxicity were 
noted and serum vitamin D levels did not exceed normal values. 

II. SUBJECTS 

 100 subjects having elective gastric bypass surgery for morbid obesity will 
be the subjects in this study. Subjects will be either male or female and will 
be between the ages of 18 and 60 years. People of any race will be included in 
the study. 

 Subjects will be recruited by Dr. David Syn, MD, the bariatric surgeon or 
Shannon Owens-Malett, MS, RD, the dietitian at the Advanced Bariatric 
Surgery Center in Lubbock, Texas. All subjects will be gastric bypass surgery 
patients at the Center in Lubbock, Texas.  

III. PROCEDURES 
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 A registered dietitian or nutrition graduate student will ask each subject for 
information on sun exposure, vitamins, medications, and any other 
supplement usage before each blood sample is taken. The questionnaire is 
attached. 

 The subjects will be having blood drawn as per the usual treatment protocol 
at Dr. Syn’s office. The subjects will be having blood drawn prior to surgery 
and at 3, 6, and 12 months post surgery. At each visit, the following tubes of 
blood will be drawn: 3 mL tube (Complete Blood Count with differential), 5 
mL tube (Comprehensive metabolic panel), 2 mL tube (Lipid panel), 3 mL 
tube (Thiamin), 3 mL tube (Vitamin B-12, folate, iron, vitamin D), and 2 mL 
tube (free thyroxine (T4) and Thyroid stimulating hormone) as per the usual 
treatment protocol at Dr. Syn’s office.  This is a total of 18 mL or about 1.25 
Tablespoons of blood drawn at each visit. The usual blood analyses (such as 
25 hydroxy vitamin D, D2, D3, phosphorus, albumin, BUN, creatinine, and 
lipid profile and calcium) that are completed on every patient before and 
after surgery will be used to assess response to the vitamin D protocol in this 
study.  No additional blood will be drawn from the subjects for this study and 
we will obtain the laboratory values from the subjects’ medical records. 
Subjects who are in the experimental group receiving the additional vitamin 
D supplement will come to Dr. Syn’s office once a month and will be given 2 
vitamin D caplets containing a total of 100,000 IU of ergocalciferol and a 
snack containing some fat (such as 1 tsp of margarine on a saltine cracker or 
1 Tbsp of cream) as vitamin D is a fat soluble vitamin and will be better 
absorbed by the body if consumed with some dietary fat. Subjects will be 
questioned about any allergy or intolerance to the snack components and a 
snack will be selected for them that do not contain those ingredients. 

 Any subject that has a blood calcium or vitamin D value above normal range 
will not be given any additional vitamin D and will be withdrawn from the 
study. An elevated serum calcium and/or vitamin D values are the earliest 
indication of vitamin D toxicity. 

 Again, as part of routine care, subjects have a DEXA scan to assess bone 
density as low bone density is associated with increased risk of bone 
fractures.         
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Appendix C 

THE USE OF A MONTHLY VITAMIN D SUPPLEMENT TO IMPROVE VITAMIN D 

STATUS IN GASTRIC BYPASS SUBJECTS 

 

Subject number________     Date________ 

 

Questionnaire 

 

SUN  EXPOSURE 

 

Approximately how many minutes a day would you estimate that you are exposed 

to sunlight? 

 

___________Minutes/day 

 

How much of your skin is exposed to the sun: Most_____   Some_____  None_____ 

 

When you are in the sun do you use sunscreen: Never_____   Occasionally________  

Always_________ 

 

If so, when do you apply sunscreen: Before going out into sun_____   After going out 

into sun______  How long after:_____ minutes. 

 

I go to a tanning salon and have tanning treatments Yes_______-_______times/month; 

No___________ 

 

MULTIVITAMIN SUPPLEMENT 

 

I take a multivitamin supplement? Yes____           No______ 
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If yes, the brand I take is______________________________ 

 

The number of tablets that I take per day is_______________________________. 

 

CALCIUM AND VITAMIN D SUPPLEMENT 

 

I take a calcium supplement? Yes_____     No_____ 

 

I take a vitamin D supplement? Yes____  No_____ 

 

If yes, what brands?____________ 

 

The number of tablets that I take per day is_______________________________. 

 

OTHER SUPPLEMENTS 

Please name the vitamin supplements, herbal products, or any other nutritional 

supplement that you are currently taking? How many days a week do you take it and 

at what dose and how many times per day? What reason do you take the supplement 

or who told you to take it?  

Name of 

supplement 

Number of 

days per week 

that I take it. 

Number of 

times per day 

that I take it 

What is the 

dose of the 

nutrient or 

herb in the 

supplement? 

Reason for 

taking the 

supplement or 

who told you 

to take it? 
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DIETARY RECALL 

Please tell the dietitian everything that you ate or drank yesterday 

 




