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ABSTRACT 

Background: Vitamin D deficiency is a common problem in obese individuals both 

before and after bariatric surgery and may lead to bone mineralization problems and 

other health risks. Individuals having malabsorptive bariatric surgeries such as Roux-

en-Y gastric bypass and duodenal switch surgeries are at increased risk of vitamin D 

malabsorption and deficiency. The ideal dose and form of vitamin D supplementation 

for patients after bariatric surgeries is still being debating, and more research is 

needed. Thus, the purpose of this study is to determine if a once monthly dose of 

100,000 units of cholecalciferol results in an improvement of serum 25 hydroxy 

vitamin D levels in subjects having bariatric surgery. 

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

100,000 IU of cholecalciferol monthly after bariatric surgery (TREATMENT: n=11) 

or no additional vitamin D after bariatric surgery (CONTROL: n=21). The 

CONTROL group received 1600 IU cholecalciferol with multivitamin and calcium 

daily while the TREATMENT group received an average total of 4933 IU 

cholecalciferol every day. Body Mass Index (BMI), serum 25 (OH) D, calcium, and 

% hemoglobin A1C were measured preoperatively and 3 months after bariatric 

surgery. Questionnaires were used to assess sun exposure, vitamin intake, tanning, 

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

Results: Three months after bariatric surgery, a significant increase was seen in mean 

serum 25 (OH) D levels (17.8±7.2 versus 33.8±14.7 ng/mL; P=0.01) in the vitamin D 

group receiving additional 100,000 IUs cholecalciferol per month.  A significant 

difference was also observed in post-trial mean serum 25 (OH) D levels between the 

control and vitamin D groups (23.8 ± 10.7 vs 33.8 ± 14.7; P=0.04).  A significant 
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decrease was observed in serum calcium levels among CONTROL group subjects 

(9.4±0.4 versus 9.1±0.4 mg/dl; P=0.01).   

Conclusion: The findings of this study showed 100,000 IUs cholecalciferol once a 

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

most patients having bariatric surgery. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Hadil Subih, December 2013 

 

viii 

 

LIST OF TABLES 

Table 1: A list of food sources and their vitamin D contents  14 

Table 2: Current recommendations by the Food and Nutrition Board of 

Institute of Medicine for daily vitamin D intake 

20 

Table 3: Serum 25(OH)D concentrations and health 21 

Table 4.1: Characteristics of the study population of bariatric surgery 

patients 

52 

Table 4.2: Characteristics of the study population of bariatric surgery for 

CONTROL and TREATMENT groups 

53 

Table 4.3: Comparing CONTROL and TREATMENT groups in regard to 

sun exposure and supplements use 

54 

Table 4.4: Comparing variables in CONTROL and TREATMENT groups at 

baseline 

56 

Table 4.5: Serum 25(OH)D status at baseline in bariatric surgery subjects 59 

Table 4.6: Comparing variables in CONTROL and TREATMENT groups 3 

months after supplements 

67 

Table 4.7: Comparing pre-trial and post-trial results  69 

Table 4.8: Change in serum 25(OH)D from baseline to 3 month in 

CONTROL group 

71 

Table 4.9: Change in serum 25(OH)D from baseline to 3 month in 

TREATMENT group 

72 

Table 5:  Previous studies comparing vitamin D2 and D3 in correcting 

 vitamin D deficiency after bariatric surgery 

79 

 



Texas Tech University, Hadil Subih, December 2013 

 

ix 

 

LIST OF FIGURES 

Figure1: Forms of vitamin D structure (D2 versus D3) 8 

Figure 2: Diagram of surgical options 32 

Figure 3: Inclusion and exclusion criteria 41 

Figure 4.1: Baseline distribution of subjects based on their BMI 55 

Figure 4.2: Serum 25(OH)D concentration in males and females subjects at 

baseline 

61 

Figure 4.3: Serum 25(OH)D concentration in Caucasian and Hispanic 

subjects at baseline 

62 

Figure 4.4: Serum 25(OH)D concentration in RYGB and DS subjects at 

baseline 

63 

Figure 4.5: Serum 25(OH)D concentration in diabetic and non-diabetic 

subjects at baseline 

64 

Figure 4.6: Serum 25(OH)D concentration difference between baseline and 

3 month for both CONTROL and TREATMENT groups. 

68 

 

 

 

 

 

 

 

 

 



Texas Tech University, Hadil Subih, December 2013 

 

x 

 

LIST OF ABBREVIATIONS 

AI: Adequate Intake 

BMD: Bone Mineral Density   

BMI: Body Mass Index 

BPD-DS: Biliopancreatic Diversion with Duodenal Switch 

Ca: Calcium 

CDCP: Center for Disease Control and Prevention 

CRP: C Reactive Protein 

DBP: Vitamin D Binding Protein 

DNA: Deoxyribonucleic Acid 

DS: Duodenal Switch 

DV: Daily Value 

FNB: Food and Nutrition Board 

GBP: Gastric By Pass 

GLP-1: Glucagon-Like Peptide 1 

GRDS: Gastric Reduction Duodenal Switch 

HPFS: Health Professionals Follow up Study  

IM: Intra-Muscular 

IU: International Unit 

mRNA: messenger Ribonucleic Acid 

 NHS: Nurses’ Health Study       

 NHANES: National Health and Nutrition Examination Survey 

PTH: Parathyroid Hormone 

RYGB: Roux-en-Y Gastric Bypass RNY: Roux-en-Y     



Texas Tech University, Hadil Subih, December 2013 

 

xi 

 

SPF: Sun Protection Factor        

UVB: Ultra Violet  

VDR: Vitamin D Receptor 

VDBP: Vitamin D Binding Protein 

25(OH)D: 25 hydroxy vitamin D 

 

 

 

 

 

            

           

 

 



Texas Tech University, Hadil Subih, December 2013 

 

1 

 

CHAPTER ONE 

INTRODUCTION 

 Recently, studies have shown that obesity is a global problem that continues to 

increase despite all the efforts done to diminish it (De Compos et al., 2008).  In the 

United States, the prevalence of obesity has doubled in adults who are older than 20 years 

while the prevalence of overweight had tripled in children and adolescents causing many 

health problems (Ogden et al., 2006). There are numerous diseases and conditions 

associated with obesity such as cardiovascular disease, cancer, sleep apnea, abdominal 

hernias, varicose veins, gout, gall bladder disease, and respiratory problems (Moon et al., 

2002).  

 In 2006, the World Health Organization estimated that 400 million adults were 

classified as obese and 1.6 billion were overweight worldwide (Zittermann e al., 2009). 

Obesity has increased lately and reached an epidemic rate which makes it a health 

concern that may lead to morbidity and mortality. The prevalence of obesity has 

increased worldwide to 60% in Europe and 50% in the US over the last decade (Pugnale 

et al., 2003). Other statistics revealed that nearly two thirds of adults in the United States 

are overweight with Body Mass Index (BMI≥25 [kg/m
2
]), while one third of the 

population are obese (BMI≥30) (Decker et al., 2007). At least 15 million people are 

morbidly obese (BMI≥40) in the United States.  

Several studies have linked obesity with deficiency of vitamin D (Nesby-O’Dell 

et al., 2002; Dawson-Hughes et al., 2005; Zittermann et al., 2009). Lenders et al. (2009) 

indicated that obesity is associated with a lower concentration of 25(OH)D and a higher 
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concentration of parathyroid hormone (PTH; Lenders et al., 2009). Worldwide, 

inadequate serum levels of 25 (OH)D are strongly correlated with wide-ranging health 

problems such as rickets, osteoporosis, osteomalacia, fracture, and tooth loss (Lenders et 

al., 2009). Prolonged vitamin D deficiency leads to bone mineralization problems and 

defects which cause osteomalacia and increase risk of osteoporosis (Cashman et al., 

2009). It has been pointed out by researchers (Wolf et al., 2005) that osteoporosis is a 

serious health problem which is a risk factor for bone fractures. Examples of additional 

problems or diseases that are associated with vitamin D deficiency include hypertension, 

diabetes mellitus, and many types of cancer (Moon et al., 2002; Dawson-Hughes et al., 

2005, Mulligan and Licata, 2010).   

It is well known that as the prevalence of obesity increases, the number of obesity 

related surgeries will increase dramatically (Mahlay et al., 2008). According to the 

Bariatric Surgical Society, about 40,000 and 75,000 operations were done in 2000 and 

2001, respictively (Penelope et al., 2009).  

  The obesity problem of many individuals can be addressed by diet modification 

and/or physical exercise (Johnson et al., 2005). However, Cummings et al. (2004) 

reported that only 5-10% of body weight was typically lost through dieting and exercise 

in obese subjects. However, many times these methods fail to adequately reduce weight 

when obesity is severe and bariatric surgery is generally associated with more favorable 

outcomes (De Campos et al., 2008). 

 In the United States, the number of obesity surgeries has grown six fold in the last 

decade (Carlin et al., 2006). One of the most effective long term weight loss procedures is 



Texas Tech University, Hadil Subih, December 2013 

 

3 

 

the Roux-en-Y gastric bypass (Johnson et al., 2005).  Unfortunately, this procedure is not 

a risk free procedure as in most cases it leads to intestinal changes which cause 

malabsorption of essential micronutrients and vitamins (De Campos et al., 2008; 

Cummings et al., 2004). Malabsorption of many micronutrients will most likely be a 

lifelong problem postoperatively (De Campos et al., 2008). While preoperative 

deficiency of vitamin D occurs in 60-80% of the patients scheduled for gastric bypass 

surgery (Nelson et al., 2007), Whitney et al. (Goldner et al., 2008; Carlin et al., 2009) 

reported that 50-80% of bariatric surgery patients have vitamin D deficiency 

postoperatively.  In another study (Carlin et al., 2006) that focused on the effect of gastric 

bypass surgery on vitamin D nutritional status, the researchers found that preoperatively 

and 1 year after the surgery, prevalences of vitamin D deficiency were 53% and 44%, 

respectively. Vitamin D levels had improved in 60% of the patients one year after the 

surgery, decreased in 29% and did not change in 11%. Accordingly, 25-80% of bariatric 

patients tend to have a deficiency of vitamin D preoperatively; about 45% continue to 

have insufficient vitamin D levels after the surgery despite the intake of dietary 

supplement (Xanthakos, 2009). Matrana and Davis (Matrana et al., 2009) confirmed that 

vitamin D deficiency which affects  negatively calcium malabsorption and increases the 

PTH are all bariatric surgery side effects which may lead to osteoporosis postoperatively.  

In one study, a routine supplementation of 500 mg calcium carbonate and 400 IU 

vitamin D were given post operatively to adult patients undergoing RYGB. Results 

showed that routine supplementation post operative was unable to treat and prevent 

vitamin D deficiency in obese patients undergoing bariatric surgeries (de Rosa et al., 
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2013). Bariatric surgeries can lead to many health and nutritional deficiencies including 

diseases that are related to bone loss. Despite an early daily supplementation of calcium 

and vitamin D for bariatric surgery patients, patients after Roux-en-Y (RNY) presented 

with osteopenia and osteoporosis (Papapietro et al., 2013).  

 Based on the research evidence, vitamin D deficiency and possibly related 

problems with bone mineral density are still very common in subjects after bariatric 

surgery. Previous studies indicate a clear need for more research in this area as vitamin D 

deficiency is still reported in a large number of subjects after surgery. The traditional 

nutrient supplementation protocol requires subjects’ diligence, and many patients fail to 

take the prescribed number of tablets daily. Even in many of those who reported 

compliance, serum vitamin D levels fail to rise to normal ranges of (30-100 ng/mL). 

Thus, the aim of this study is to evaluate the impact of monthly high dose oral 

cholecalciferol supplementation on serum 25 (OH) vitamin D levels pre- and post-

operatively in bariatric surgery subjects to determine its effect on achieving desirable 

serum vitamin D levels. The hypothesis of our study is bariatric surgery subjects taking 

monthly high dose cholecalciferol supplements (100,000 IU) in addition to the standard 

vitamin D protocol (1600 IU) will have a significantly higher mean serum vitamin D 

level compared to the subjects taking only the usual vitamin D protocol. 
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CHAPTER TWO 

VITAMIN D 

Definition, Synthesis and Metabolism  

Vitamin D is a fat soluble vitamin that is found in few food sources, fortified in 

certain food items, and found also as dietary supplements (ODS, 2012). Fatty fish such as 

catfish, salmon, mackerel, sardines, and tuna are afew examples of good sources of 

vitamin D (Lips, 2006; Anderson et al., 2003; Holick, 2007). As sources of vitamin D are 

limited, vitamin D deficiency has become a worldwide problem among almost all age 

groups especially in the United States and Europe (Holick, 2004).  Holick (2004) 

described vitamin D as the sunshine vitamin. It is also synthesized endogenously when 

ultraviolet rays from sunlight (200nm-300nm) strike the skin. In the skin of humans, 7-

dehydrocholesterol (provitamin D3), which is produced in relatively large quantities, 

absorbs ultraviolet-B radiation (290-315 nm wavelengths) when exposed to sunlight. 

Absorption of the radiation causes conversion of 7-dehydrocholesterol to previtamin D3 

(Anderson &Morris, 2003; Hollis, 2005). Since previtamin D3 is thermodynamically 

unstable, it is isomerized to form vitamin D3 that is more stable. Holick (2009) reported 

that this isomerization occurs by the rearrangement of its double bonds. This step may 

take from one to three days. Many factors may affect the skin production of vitamin D 

such as skin color, the use of sunscreen, age, clothing style and season (Holick, 2009). 

Vitamin D3 disseminates from the skin into the extracellular space and is picked up by 

vitamin D-binding protein (DBP) in the blood. Then, DBP carries vitamin D3  primarily 
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to the liver. However, some (approximately 12%) vitamin D is stored in adipose tissue 

for storage (Rosenstreich et al., 1971; Groff and Gropper, 2000; Jones, 1999).  

About 50% of the dietary vitamin D is incorporated into micelles and absorbed by 

passive diffusion into intestinal cells (Groff and Gropper, 2000). Vitamin D is then 

incorporated into chylomicrons and enters into the lymphatic system to transport to the 

blood. In the blood, some vitamin D is transferred from the chylomicrons to DBP for 

delivery to extrahepatic tissues for storage (Haddad et al., 1993). Chylomicrons are then 

converted to chylomicron remnants which have the remaining vitamin D which is taken 

up by the liver via hepatic receptors (Groff and Gropper, 2000). 

Vitamin D2 from plant sources and vitamin D3 from animal sources are the main 

two forms of vitamin D that are activated in the body by many steps (Anderson et al., 

2003). Vitamin D3 or cholecalciferol is hydroxylated first in the liver into 25 

hydroxyvitamin D3 (25(OH)D) that is called calcidiol. The two enzymes found in the 

liver and known to be responsible for this step are mitochondrial hydroxylase CYP27A, 

and a microsomal enzyme CYP2D25 (Anderson&Morris, 2003). The second activation 

step occurs in the kidney by the enzyme 25-hydroxyvitamin D-1α-hydroxylase 

(CYP27B1) to 1, 25 dihydroxyvitamin D2 or D3 [1,25 (OH)2D] the active form which is 

also called calcitriol (Lips, 2003; Anderson &Morris, 2003; Holick, 2005, 2007; Heaney, 

2008; Anderson &Morris, 2003). Anderson & Morris (2003) verified that the kidney is 

the major site for the synthesis of 1, 25 (OH)D, as the expression of CYP27B1 mRNA 

and protein are found mainly in the renal proximal tubules, distal tubules, and finally in 
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collecting ducts.  Interestingly, the rate of conversion depends mainly on the 

concentration of PTH (Ogden et al., 2006). 

The renal production of 1, 25 dihydroxyvitamin D is a well regulated process by 

PTH, calcium, and phosphorus levels (Anderson et al., 2003; Holick, 2007). When 

excessive sunlight is provided, previtamin D3 is transformed to other products other than 

vitamin D3 such as lumesterol and tachysterol, which in turn, reduce the amount of 

previtamin D3. Vitamin D3 can be degraded into inert photoproduct when also exposed to 

excess sunlight. Photoproducts include suprasterols I and II (Hollis, 2005).  

Types of Vitamin D 

The two major known types of vitamin D in foods and supplements are vitamin 

D2 and vitamin D3. The natural form of vitamin D that is synthesized in the skin upon 

sun exposure and from animal sources is cholecalciferol (D3). It is the form of vitamin D 

obtained from the sun by converting the precursor 7-dehydrocholesterol into vitamin D3.  

It is also available in pill form as vitamin D supplements. Ergocalciferol (D2) is a 

synthetic product obtained from plant sterols /ergosterol and by UV irradiation as well 

(Heaney, 2008).  

The relative efficacy of D2 versus D3 in treating vitamin D deficiency continues 

to be debated. Both forms appear to be generally effective for preventing or treating 

disease. Previous studies observed that vitamin D3 is more potent than vitamin D2 in 

humans (Heaney et al., 2011; Ogden et al., 2006). Heaney et al. reported that D3 is 87% 

more potent than D2 in raising serum levels of 25(OH)D and in storing more vitamin D 

(Heaney et al., 2011). Another study found that when both types of vitamin D were given 
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to subjects, cholecalciferol showed a better response than ergocalciferol in increasing the 

concentrations of serum 25(OH)D (Romagnoli et al., 2008). Vitamin D3 has the longer 

half-life, and less frequent dosing may be needed (Kennel et al., 2010). Binkley et al. 

(2010) feels vitamin D3 to be somewhat more potent. Lower affinity of vitamin D2 for 

vitamin D binding protein in the circulation, leading to more rapid clearance could be the 

reason. Recently, Tripkovic et al. (2012) summarized a few intervention studies and 

indicated that in most studies, cholecalciferol supplementation produced significantly 

greater increases in serum 25 (OH)D compared to ergocalciferol. There were very few 

studies that found an equal effect of both vitamin D2 and vitamin D3 (Ogden et al., 

2006). The authors confirmed that when D3 supplementation was given in small daily 

doses or large infrequent doses, the effect was still observed. One reason for this finding 

is the minor differences in the chemistry of side chains between vitamin D types. The 

presence of one more methyl group at carbon 24 in the ergocalciferol might affect the 

rate of conversion to 25(OH)D. This change in the structure leads to differences in the 

site of hydroxylation (Moon et al., 2002).The affinity and capacity of ergocalciferol 

toward vitamin D binding protein and vitamin D receptors is less than that for 

cholecalciferol (Ogden et al., 2006; Nesby-O’Dell et al., 2002), and this explains the 

greater effect of vitamin D3 in raising serum 25(OH)D. Based on those and other studies, 

vitamin D3 rather than D2 is used in a high monthly dose in this study. 
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              25 hydroxyvitamin D2            25 hydroxyvitamin D3 

Figure 1: Forms of vitamin D structure (D2 versus D3) 

 

Vitamin D Functions  

Vitamin D is no longer simply considered the steroid hormone that prevents 

rickets in children. The role of vitamin D in many diseases such as cancer, diabetes, 

motor function, and immunity have been reported (Zerwekh, 2008). Vitamin D is an 

essential regulator of bone metabolism and calcium homeostasis. Dietary calcium is 

absorbed in the intestines by both saturable active transport and non saturable passive 

diffusion (Wasserman, 2004). Renal calcium absorption efficiency is improved when 

1,25 dihydroxyvitamin D is present (Holick, 2007). In other words, calcitriol works as a 

hormone that circulates in the blood and regulates the calcium transport system by 

increasing calcium absorption (Holick, 2007; Heaney, 2008). Moreover, vitamin D 

should be activated to 25(OH)D in order it be biologically active. Maintaining calcium, 

phosphorus, calcitonin and PTH is considered the main function of vitamin D (Holick, 

2009). If vitamin D is not available, only 10 to 15% and 60 % of both dietary calcium and 

phosphorus respectively are absorbed (Holick, 2007). Holick in 2005 reported that a 
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deficiency in vitamin D causes a reduction in the absorption of calcium and phosphorus. 

When vitamin D is deficient for a prolonged time, parathyroid hormone (PTH) secretion 

increases which causes the resorption of the calcium from bones mainly to maintain 

adequate serum calcium (Holick, 2007). The interaction between serum vitamin D with 

their receptors enhances significantly the efficiency of absorption of calcium and 

phosphorus to 40 and 80% respectively (Holick, 2007).  When Ca level in the plasma is 

reduced, PTH is elevated which enhances the activity of 25(OH)D3 hydroxylase enzyme 

in the kidney (Holick, 2005, 2007; Mahdy et al., 2008). Then production of 1,25 

dihydroxyvitamin D is stimulated, which in turn change the gene expression that 

normalize serum Ca by many ways, mainly by increasing the intestinal absorption of Ca, 

increase reabsorption of Ca filtered by kidney and finally mobilize Ca from bone (Mahdy 

et al., 2008; Avgerinos et al., 2007; Wasserman, 2004).  Therefore, the deficiency in 

vitamin D leads to a decrease in the absorption of sufficient calcium from diet (Heaney, 

2008). Heaney (2008) reported that calcium absorption reaches a plateau level at a serum 

vitamin D level of 80 nmol/L. Higher secretion of PTH that is caused by low vitamin D 

and low serum calcium may directly cause bone turnover and bone resorption” (Lips, 

2003). Interestingly, even in case of hypovitaminosis D and /or hyperparathyroidism, it is 

still expected to see normal ranges of serum calcium (Holick, 2007). 

A brief description of the intestinal calcium absorption process is essential to 

establish a good picture of the association between vitamin D and calcium absorption.  

Calcium absorption was studied and compared between two groups of dialysis subjects 

(Wasserman, 2004). Untreated dialysis subjects had a serum 1,25(OH)2D3 level of 9 
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pg/mL (22 pmol/L). When subjects took an oral dose of 1.0 µg (2.4 nmol) 1,25(OH)2D3 

twice daily for 9 days, their serum level of vitamin D was raised to 91 pg/mL (218 

pmol/L). Wasserman (2004) reported a 300% increase in calcium absorption due to 

vitamin D treatment in the treated group (175 mg) compared to untreated group (43 mg).  

   

 In a group of men and women 65 years old and older, 800 IU of vitamin D3 was 

given every day for 4 months. Results revealed an increase in serum concentrations of 

25(OH)D of 40 % and lower rate of fracture (22%) (Trivedi et al., 2003). As a result, 

vitamin D deficiency is correlated with rickets, osteomalacia, and osteoporosis. Previous 

studies have observed that vitamin D deficiency is linked to many diseases and disorders 

that are non-calcemic, non-skeletal-related functions including cancer, diabetes and 

hypertension (Heaney, 2008; Young et al., 2009). Vitamin D deficiency is a risk factor 

for metabolic syndrome in adults, glucose intolerance, altered insulin secretion and type 2 

diabetes (Young et al., 2009). Lips (2006) reported that vitamin D could influence β –cell 

function and increase insulin sensitivity. Both vitamin D receptors (VDR) and the 1-α 

hydroxylase enzyme have been observed in the islet cells of the pancreas (Bland et al., 

2004). Previous studies have linked vitamin D with insulin and glucose metabolism, 

however, this relationship is clear in animal models rather than humans as other factors 

may be involved when talking about humans such as adiposity level (Bland et al., 2004). 

In another smaller study, subjects with lower serum levels of vitamin D had higher levels 

of insulin resistance and higher BMI. Further follow up of the same subjects revealed that 

increased adiposity is the main cause for vitamin D deficiency and increased insulin 
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resistance (Muscogiuri et al., 2010).  Based on this fact, many scientists believe that 

losing weight may be of great benefit regarding insulin sensitivity (Tzotzas et al., 2010). 

   When vitamin D level is deficient, response to infection would be hindered 

(Heaney, 2008). Obese individuals are usually in a constant state of low-grade 

inflammation due to the excessive adipose tissue they have in their bodies. Aasheim et 

al., (2008) reported that there was a 10 fold increase in C reactive protein (CRP), an 

inflammatory marker in bariatric patients, compared to non obese individuals which start 

to decline following bariatric surgery. Cellular proliferation of both normal and cancerous 

cells is inhibited by vitamin D while stimulating the differentiation of those cells. Heaney 

(2008) stated that calcitriol when bound to VDR, open up stored DNA information which 

allows the cell to start the production of the needed proteins. Heaney, 2008 confirmed the 

fact that without vitamin D, the cell will not be able to respond perfectly to pathologic 

and physiologic signals.  In severe obesity, Holick, 2007 mentioned that 1,25 (OH)2 D3, 

the active form of vitamin D controls more than 200 genes (Holick, 2007). Those genes 

regulate cellular proliferation, differentiation, apoptosis and angiogenesis (Holick, 2007; 

Heaney, 2008). Breasts, for example, need vitamin D for the cyclic variation of estrogen 

and progesterone (Heaney, 2008). Also, macrophages need vitamin D to enable the 

synthesis of special peptides that deal with bacterial invaders (Heaney, 2008).  

Focusing on bariatric population, hypertension is of particular interest as it is 

commonly reported by this population. The importance of this disease comes also from 

the idea that hypertension could be treated or improved when weight is lost after gastric 

bypass. Forman et al. used the data from both Health Professional’s Follow-up Study 



Texas Tech University, Hadil Subih, December 2013 

 

13 

 

(HPFS) (n=613 men) and Nurses’ Health study (NHS) (n=1198 women). He observed 

that lower serum concentrations of vitamin D were associated significantly with obese 

and less physically active subjects. In people with vitamin D deficiency (<15 ng/mL) the 

incidence of hypertension was increased compared to people with normal ranges of 

vitamin D (Forman et al., 2007). Using NHANES III data, systolic pressure was reported 

to be significantly lower when subjects were vitamin D sufficient (≥85.7nmol/L; 

34.3ng/mL) when all variables were adjusted; and blood pressure was inversely related 

with serum vitamin D concentrations (Scragg et al., 2007). A group of bariatric patients 

were followed up post operatively while they were given 800IU vitamin D3 and 1500mg 

calcium. The supplementation resolved hypertension in 53% of the patients and improved 

hypertension in 26% of the patients, mainly in younger subjects (Carlin et al., 2008). 

Carlin et al. reported that losing weight, having higher serum vitamin D levels and age 

were the only factors that affect hypertension following surgery. Interestingly, vitamin D 

supplementation of 83µg/d made a positive difference in these diseases mentioned 

previously in overweight people with inadequate levels of vitamin D (Lenders et al., 

2009). 

Vitamin D Sources 

 A few foods, such as oily fish and liver of tuna and cod, contain vitamin D 

naturally as well as the liver of certain animals such as cows, pigs, and chicken. Food 

sources include those from animal products such as saltwater fish, herring, salmon; 

sardines are common vitamin D sources. Small amounts of vitamin D are found in beef 

liver, cheese, and egg yolks. Vitamin D in these foods is primarily in the form of vitamin 
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D3. Some mushrooms provide vitamin D2 in variable amounts. In the United States and 

Canada, many food items are fortified with vitamin D, such as milk, cereals, margarine, 

cheese, orange juice and bread (Holick, 2009). For example, almost all of the U.S. milk 

supply is fortified with 100 IU/cup. On the other hand, the level of vitamin D is minimal 

or poor in plants such as fruits, nuts, and vegetable oils. 
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Table 1. A list of food sources and their vitamin D contents 

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.  

Adapted from: http://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/ 
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Factors that affect Vitamin D Status 

 

Any reasons that affect negatively the amount of UVB radiation entering the skin 

may significantly affect the level of vitamin D production (Tsiaras and Weinstock, 2011). 

For many humans, production of vitamin D via sunlight is considered a major source of 

vitamin D (Holick, 2009). Many factors play a role in the skin production of vitamin D 

including skin pigmentation and the use of sunscreen (Holick, 2009). Melanin, the 

pigment of the skin decreases the skin production of vitamin D (Holick, 2005). This 

explains why African American need 5-10 times longer exposure time compared to 

lighter skin people in order to maintain an adequate level of vitamin D (Holick, 2005). 

Tsiaras and Weinstock (2011) reported that African American Women tend to be more 

than 20 fold higher risk to have low serum vitamin D (<25 nmol/l) compared to 

Caucasian women. Young et al (2009), Holick (2004) and Looker (2005) confirmed this 

founding when they reported that African Americans and Hispanics tend to have lower 

levels of vitamin D compared with other races such as Caucasians because the skin 

pigmentation eventually decreases the amount of UVB radiation entering the skin. 

Vitamin D produced in the skin when exposed to the sun is reduced by 99% when 

sunscreen is applied to the skin as the UVB will be absorbed 3before penetrating the skin 

(Holick, 2009). A sunscreen with a protection of sun protection factor (SPF) of 8 may 

reduce the capacity of the skin to synthesis vitamin D3 by >95% while a protection of 

SPF of 15 may reduce it by 98% (Holick, 2004). So, generally, adults always wearing 

sunscreen before going outside are at higher risk of vitamin D deficiency (Holick, 2005). 
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Ginde et al. (2009) confirmed the fact that using sunscreen affects the synthesis of 

vitamin D3 as does obesity and limited outdoor activities.  

  Aging also reduces the amount of vitamin D produced as the amount of the 

precursor 7- dehydrocholesterol is reduced (Holick, 2009). Tsiaras and Weinstock (2011) 

confirmed this finding by reporting that the average concentration of 7- 

dehydrocholesterol in the skin of 77-88 years old is 65% lower than that in younger 

individuals who are in their twenties. Holick (2005) estimated that a 70 yr old person has 

25% of the capacity of a healthy younger adult to produce vitamin D. Tangpricha et al. 

(2002) also reported that vitamin D insufficiency is very common among elderly patients 

in the United States and Europe. Researchers have (Faiz et al., 2007, Casman et al., 2009) 

reported that elderly people >65 years could be the most targeted population who may 

suffer from vitamin D deficiency since they start to lose 0.25-0.50% of their skeletal mass 

per year after bone mass is peaked. Also, their cutaneous synthesis of vitamin D is 

reduced significantly (Cashman et al., 2009).  

Time of the day, season, and latitude are also important factors that are worth 

mentioning that influence vitamin D status. Holick (2004) reported that in early morning 

or late afternoon, the oblique angle (zenith angle) is sloping in a way that little or no 

vitamin D is produced in the skin. The author also stated that precautions should be taken 

during summer, spring and autumn when exposed to the sun from 10 am to 3 pm which 

are considered the times individuals usually produce enough vitamin D in the skin as 

enough UVB photons could reach the earth at those times. Rucker et al. (2002) collected 

blood samples every 3 months from 188 Canadian subjects and they observed a 
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significant rise in serum 25(OH)D from 57.3 nmol/L in the winter (February and March) 

to 62.9 nmol/L in spring (May and June), which continued to rise in summer (August and 

September) to reach 71.6 nmol/L. As they anticipated, levels of serum 25(OH)D declined  

to 52.9 nmol/L in the fall (Novermber and December). Vander Mei et al. (2007) pointed 

at season as an important factor affecting vitamin D levels. Season is obviously 

associated with UV radiation, outdoor activities and type of clothes worn.  Season 

seemed to be a bigger influence in regard to vitamin D status when compared to latitude 

(Vander Mei et al., 2007).  

Hatun et al. (2005) demonstrated that in Turkey, the main source of vitamin D is the 

sun exposure since food products are not fortified with vitamin D and supplementation is 

not very common. However, due to religious reasons, girls wearing concealing clothes 

did not improve their vitamin D status even in the summer compared to other groups of 

girls. 

In obese subjects, both dietary and cutaneously synthesized vitamin D are stored in 

the body adipose tissue for other times when vitamin D supply is inadequate (Tsiaras 

&Weinstock, 2011; Wortsman et al., 2000).   Wortsman et al. (2000) reported that 

vitamin D stored in the fat compartments could be sequestered in the larger body pool of 

adipose tissue of obese compared to nonobese individuals. Their finding was consistent 

with other previous studies who reported an inverse relationship between vitamin D 

levels and increased level of adiposity. It was clearly stated that in obese subjects, 

vitamin D is sequestered deep in the body fat which makes it more difficult to be 

bioavailable when the body is deprived (Holick, 2005; Wortsman et al., 2000; Young et 
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al., 2009). Rucker et al. (2002) observed an inverse relation between body mass index 

(BMI) and  blood 25(OH)D which was explained  by the larger body pool of vitamin D 

or slower mobilization from fat tissues.   

Whether vitamin D supplement is taken with fatty meal or not, this may affect the 

bioavailability of vitamin D. Mulligan and Licata (2010) reported that an increase of 50% 

or more was observed in serum levels of vitamin D when patients took their vitamin with 

their largest meal. After vitamin D oral ingestion, bioavailability depends mainly on 

intestinal absorption. As a result, factors causing malabsorption of vitamin D or fat will 

impair vitamin D absorption (Tsiaras and Weinstock, 2011).  Clifford et al. (1985) stated 

that patients with intestinal fat malabsorption did not have their serum vitamin D levels 

rise above 10 ng/mL compared to normal patients who had their levels rise from a 

baseline value of 5 ng/mL to 50 ng/mL after 12 hours of administration of 50, 000 IU 

vitamin D.  

Lo et al. (1983) compared serum levels of vitamin D in normal subjects and patients 

with fat malabsorption diseases. As expected, normal subjects showed an increase in 

serum vitamin D concentrations with gradual increase of vitamin D dose at 10,000 IU, 

25,000 IU, and 50,000 IU supplementation. Serum vitamin D values at 12 hour were 11 

ng/ml, 43 ng/ml, and 141 ng/ml, respectively while patients with gastrointestinal diseases 

failed to have a rise in their serum level of vitamin D after the ingestion of the three 

different doses of the supplement.  

Renal diseases may also affect vitamin D status (Weinstock and Tsiaras, 2011). 

Functional or structural abnormalities of the kidney which may affect about 20 million 
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American adults correlates significantly with serum 1, 25 (OH)2D levels.  The enzyme 

25(OH) D-1α-hydroxylase which is the key enzyme in producing1, 25(OH)2D within the 

kidney can be efficiently regulated by PTH  induced enzyme (Weinstock and Tsiaras, 

2011). Phosphate retention which result from chronic kidney disease could be a potent 

inhibitor of renal 25(OH)D-1α-hydroxylase activity (Weinstock and Tsiaras, 2011). Liver 

diseases based on the same authors are considered worth mentioning factors. Cholestatic 

liver which is decreased availability of bile salts can affect malabsorption of fat soluble 

vitamins such as vitamin D (Weinstock and Tsiaras, 2011). The liver also is the site of 

synthesis of vitamin D binding protein (VDBP), the primary protein carrier for 

circulating vitamin D (Weinstock and Tsiaras, 2011). Holick (2005) reported that patients 

with Crohn’s disease, whipple disease, cystic fibrosis, or Sprue could be vitamin D 

deficient as well.  

Recommended Adequate Dietary Intake of Vitamin D 

Previous studies have shown that according to the Institute of Medicine, vitamin 

D intake is inadequate among all age groups (Holick, 2009). The National Health and 

Nutrition Examination Survey (NHANES), 2005-2006, reported that the daily dietary 

average intake of vitamin D among males is 204-288 IU/d while it is 144-276 IU/d for 

females (ODS, 2012). Younger people and males tend to have slightly better levels of 

vitamin D compared with older people and females (ODS, 2012). However, mean serum 

25(OH)D concentrations have declined in males in the last 20 years due to the increased 

body weight, reduced intake of dairy products, and increased use of sun protection 

products when outside (ODS, 2012). The recommended adequate intake (AI) of vitamin 

http://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/#h4
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D for children and adults up to 50 yr is 200 IU, whereas the recommended AI for adults 

51-70 y and 71+ y is 400 IU and 600 IU, respectively (Holick, 2005, 2007; Heaney, 

2008). The Center for Disease Control and Prevention (CDCP) has reported that 

percentage of adults with vitamin D sufficiency has declined from about 60% in 1994-

1998 to approximately 30% in 2001-2004 in Caucasians, and from about 10% to 

approximately 5% in African Americans during the same time period. Furthermore, more 

people have been found to have severe deficiency with a level <10ng/mL (Kennel et al., 

2010). 

Table 2. Current recommendations by the Food and Nutrition Board of Institute of 

Medicine for daily vitamin D intake. 

 

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) 

Adapted from: http://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/ 
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Table 3: Serum 25 (OH)D concentrations and health. 

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.  

Adapted from: http://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/2012. 

 

Definition of Vitamin D Deficiency, Insufficiency, and Sufficiency 

        The definition of vitamin D deficiency, insufficiency, and sufficiency are still not 

consistent. Generally, a blood level of 25(OH)D <20 ng/ml is considered deficient 

(Holick, 2007,2009). The optimal level of serum 25 (OH)D has been suggested to be 

>50nmol/L (Van Der Mei et al., 2007). Level associated with maximal suppression of 

circulating PTH concentrations, highest calcium absorption, greatest bone mineral 

density (BMD) and reduced fractures and falling rates could be assigned as the optimal 

range (Dawson-Hughes et al., 2005). Faiz et al. (2007) on the other hand recommended 

obtaining a serum level of 25(OH)D >30 ng/mL. Holick (2007) reported that levels of 
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serum 25(OH)D of 21-29 ng/ml (52-72 nmol per liter) can be reported as vitamin D 

insufficiency, and serum level of 30 ng/mL or greater can be classified as  sufficient 

level. Hollis (2005) strongly believe that a level of less than 80 nmol/L (32 µg/L) of 

circulating 25(OH)D is considered deficiency.      

Deficiency 

Vitamin D deficiency is a common problem that may contribute to the 

development of several health consequences (Lenders et al., 2009; Lamendola et al., 

2012). Adequate vitamin D concentration is essential for the development and the growth 

of normal humans, and its deficiency may lead to long term chronic diseases (Lenders et 

al., 2009). Osteomalacia is the classical vitamin D deficiency disease in adults while 

rickets is the primary disease in children. In both disorders, the bone becomes unable to 

mineralize perfectly which may cause a fragile and soft bone (ODS, 2012). Muscle 

weakness and bone pain could be common symptoms of inadequate vitamin D intake 

(ODS, 2012). Vitamin D deficiency is defined by most experts as levels less than 20 

ng/mL while insufficiency presents when levels are between 21 and 29 ng/mL. Levels of 

30 ng/mL or greater can be considered sufficient (Holick, 2007; Roth et al., 2011). 

Many biological and lifestyle factors such as insufficient sun exposure, obesity, 

consuming food that is high in calories and low in vitamins, may contribute to low 

plasma levels of vitamin D (Roth et al., 2011).  
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Toxicity 

When individuals are exposed to higher doses of ultraviolet radiation, the serum 

25(OH)D response does not increase proportionately resulting in vitamin D intoxication 

(Mawar et al., 1984).  Previtamin D3 and vitamin D3 absorb sunlight and are converted 

to other photoproducts, such as lumisterol, tachysterol, suprasterols, and toxisterols, 

which are sloughed off with the skin and do not produce 25(OH)D anymore (Holick, 

2002, 2003). Therefore, the skin cannot generate excessive quantities of vitamin D3 to 

cause vitamin D intoxication upon exposure to sunlight (Holick, 2002). A good example 

is taking a sun bath for 15 minutes daily in a bathing suit in July will produce 10,000 to 

20,000 IU of vitamin D. If this is repeated daily, it will add up a large amount of vitamin 

D produced, but fortunately there was no reported case of vitamin D intoxication due to 

sun exposure (Heaney, 2008).  

When approximately 20,000 units have been made, the same ultraviolet light that 

created vitamin D begins to degrade it. A steady state is achieved that prevents the skin 

from synthesizing too much vitamin D; there are no reports on toxicity from exposure to 

the sun (Holick, 2007). Vitamin D intoxication occurs only when vitamin D is consumed 

or injected for a prolonged time that may reach months or years at exposure levels of 

50,000 to 1 million units of vitamin D a day (Holick, 2009) which is unlikely to happen 

(ODS, 2012). Van Groningen (2010) reported that the lowest cumulative dose of 

cholecalciferol that caused toxicity symptoms was three 600 000 IU doses given in 3 

weeks. As a result, hypercalcemia, hyperphosphatemia and a noticeably high level of 

vitamin D >200 ng/ml may occur. This could lead to renal failure, kidney stones or blood 
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vessels calcification (Holick, 2009). Signs of vitamin D intoxication vary but anorexia, 

polyuria, heart arrhythmias can be considered the most common ones (ODS, 2012). Loss 

of appetite, itching, weakness, constant headache, bone pain, vomiting, drowsiness, 

muscle and joint pain could be other symptoms of toxicity (Machlin, 1991). Excessive 

vitamin D will eventually increase levels of calcium absorbed which eventually may 

damage the blood vessels, heart and kidneys. 

Vitamin D Status Determination 

 Serum 25 (OH)D is the most common measuring indicator of vitamin D because 

it is the major circulating form of vitamin D, reflecting both cutaneous and dietary 

contributions (Kennel et a., 2010). 1,25(OH)D3 is the biologically active form of vitamin 

D but interestingly, it is not the ideal measure indicator vitamin D status for many reasons 

(Holick, 2009,b). Holick reported that the short half-life of 1,25(OH)D is about 4-6 hours 

when compared to the 25(OH)D metabolite which is ≈3 weeks. This is one of the reasons 

why the serum 25(OH)D serves as an better indication of vitamin D stores from both 

dietary and UV radiation for long periods (Holick, 2009,b; Wooton,2005). Liver 

synthesis of 25(OH)D reflects primarily substrate concentrations and availability rather 

than being significantly regulated (Holick, 2009, b; Wooton, 2005). Nutritional vitamin D 

status is not determined in other words by circulating levels of 1,25(OH)D as it has a very 

short half-life is abnormally low if an individual has any kidney abnormalities as that is 

where the 1,25 (OH)D is synthesized (Wooton, 2005). 
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Vitamin D Supplementation: D2 vs D3, Which is More Effective and at Which 

Dose? 

 Previous studies have looked at the optimal dosing for vitamin D in normal 

weight and obese individuals. People with malabsorption due to either certain diseases or 

a side effect of surgical procedures like RYGB have been focused on in recent studies. 

Researchers found that the upper limit of vitamin D3 of 2000 IU/day set by Food and 

Nutrition Board (FNB) guidelines is still insufficient to restore normal serum 25(OH)D 

levels in many subjects after RYGB and doses more than this have not resulted in toxicity 

side effects in studies (Heaney et al., 2003; Veith et al., 2001). Van Groningen et al. 

(2010) stated that the recommended daily allowances for vitamin D3 had gradually 

increased over the years from 200 to 800 IU, but many researchers recommend levels of  

1000 and even 2000 IU/d or higher. Higher doses than 2000 IU/d could be more effective 

and safe for many individuals (Carlin et al., 2009; Goldner et al., 2009; Holick et al., 

2008; Vieth, 1999). Much higher thresholds than Upper Limit (UL) levels of FNB such 

as 40,000 IU/d vitamin D3 for a prolonged period may need to be reached for adverse 

effects or toxicity symptoms to develop (Van Groningen et al., 2010). Boyle et al. (2005) 

stated that a course of 400,000 IU of oral ergocalciferol over 2 months corrected vitamin 

D levels in only 8% of 134 adults with cystic fibrosis who often have fat malabsorption. 

Boyle et al. concluded that the currently recommended ergocalciferol repletion regimen 

does not fully correct vitamin D deficiency in this population and more studies are 

needed in this area to establish the optimal level of vitamin D that optimize calcium 

absorption and bone health especially in cystic fibrosis patients. 
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Holick et al. (2008) reported that both D2 and D3 are used currently in the US as 

therapeutic options and generally either will effectively raise serum 25(OH)D. Optimal 

dose and duration of supplementation has not been determined and need further study. 

Van Groningen et at. (2010) reported that the amount of cholecalciferol to correct vitamin 

D levels depend on the level of deficiency and body weight. Unfortunately, most recent 

studies focused on elderly population with minimal number of research studies focusing 

on young adults. Holick et al. (2008) compared the effectiveness of vitamin D2 and 

vitamin D3 in a randomized, placebo-controlled, double blinded study of healthy adults. 

Sixty percent of the subjects were deficient at baseline assessment. Subjects were given 

placebo, 1000 IU vitamin D2, 1000 IU vitamin D3, or 500 IU vitamin D2 plus 500 IU 

vitamin D3 daily for 11 weeks. Interestingly, a 1000 IU vitamin D2 daily was as effective 

as a 1000 IU vitamin D3.      

On the other hand, Armas et al. (2004) evaluated the potencies of vitamin D2 and 

D3 by administering single doses of 50,000 IU to 20 healthy subjects. Both calciferols 

raised serum 25(OH)D similarly over the first 3 days, but D3 successfully continued to 

cause a rise in  it which peaked at 14 days, while in subjects taking vitamin D2, results 

showed that at 14 days, there was no difference when compared with baseline (Armas et 

al., 2004). Houghton and Vieth (2006) confirmed this finding by pointing at the 

differences in efficacy of vitamin D2 and D3 in raising serum 25(OH)D, reporting that 

D2 should no longer considered equivalent to D3 due to the shorter shelf life of vitamin 

D2 and the weak binding of D2 to VDBP in plasma. As a result, authors stated that 

ergocalciferol is not considered the perfect supplementation regimen. This finding about 
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vitamin D2 is confirmed in many studies such as one prospective-randomized 

intervention study, who also reported that vitamin D3 is twice as potent as vitamin D2 in 

increasing serum 25(OH)D  (Romagnoli et al.,2008). A single dose of 300,000 IU of both 

calciferols was given either orally or intramascular (IM) route and variation in serum 

level of vitamin D was detected over a period of time (baseline, 3, 7, 30, and 60 days).  

Considering a value of 32 ng/ml as the level for vitamin D sufficiency, this level was 

achieved rapidly and consistency in the group taking cholecalciferol orally. In all groups, 

values of serum 25(OH)D were significantly higher than baseline at 60 days. When both 

cholecalciferols were given by IM route, a slow, continuous, gradual increase of serum 

25(OH)D was reported. 

In another recent study that compared also calciferols in regard to their potency, 

Heaney et al. (2011) reported that D3 is about 87% more potent than D2 in raising serum 

25(OH)D concentrations. Adipose tissue content of vitamin D was also measured and 

showed that D3 was 2-3 fold higher that D2 in fat tissue.  Heaney et al.(2011) 

recommended the use of D3 as a correcting treatment regimen due to its higher potency 

and cheaper price for all vitamin D deficient subjects.  

 

Eight intervention studies that compared D2 and D3 were reviewed and regardless 

of the administration type (oral or intra-muscular), dosage, or frequency, cholecalciferol 

was shown to be more effective than ergocalciferol in raising serum 25(OH)D levels 

while two studies found no difference (Tripkovic et al., 2012). Trang et al.(1998) verified 

the same fact by reporting a 2 fold increase (70%) in serum 25(OH)D in the case of 
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cholecalciferol (4000 IU daily for 14 d) compared with subjects who took ergocalciferol 

supplementation. 

The reasons behind this finding are still being examined in ongoing studies, but 

recent finding assumed that metabolism of both calciferols are slightly different and 

should be pointed at. The side chain of ergocalciferol is different that it has an additional 

methyl group on carbon 24 which could affect the rate of ergocalciferol conversion to 

25(OH)D and also affect the affinity for vitamin D binding protein and VDR (Tripkovic 

et al., 2012). Another possible reason behind the differentiation between ergocalciferol 

and cholecalciferol is possibly the fact that once 1,24,25 (OH)3D2 has been formed, 

ergocalciferol has been deactivated which makes it irreversible while the capacity of 

cholecalciferol to bind VDR is retained and not affected. Cholecalciferol needs an 

additional side-chain oxidation to be deactivated which means that cholecalciferol 

remains biologically active for a long time (Tripkovic et al., 2012).Tang et al.(1998) 

verified that the fact about D3 being more potent than D2 is due to the reason that D2 is 

not a natural element of human biology as it is “manufactured through the UV radiation 

of lipid extracted from yeast”. Romagnoli et al.(2008) evaluated the relative potencies of 

ergocalciferol and cholecalciferol by administering a single large dose of 300,000 IU  

either orally or intramascularly (IM) to elderly females, and confirmed that 

cholecalciferol is almost twice as potent as ergocalciferol in raising 25(OH)D serum 

levels.  

How much cholecalciferol and for how long are important issues that need to be 

determined in order to correct vitamin D deficiency, however, evidence- based guidelines 
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regarding the dose of cholecalciferol is not yet available. Groningen et al. (2010) treated 

208 vitamin D deficient subjects aged 18-88 yrs with different cholecalciferol doses for 

to identify the best dose. Subjects were treated with either 25,000 IU every fortnight for 8 

weeks (100,000 IU), 25,000 IU every week for 6 weeks (150,000 IU), or 25,000 IU every 

week for 8 weeks (200,000 IU). Blood samples were recorded at baseline and 10 days 

after the last dose of cholecalciferol. Groningen et al. (2010) stated that the dose or 

cholecalciferol needed depended mainly on the level of vitamin D deficiency and body 

weight. This study included young and elderly subjects, lean and obese; however, all 

subjects were vitamin D deficient at baseline.  The cholecalciferol loading dose regimen 

needed to rapidly correct vitamin D deficiency is based on the equation: dose (IU) = 40 × 

(75-serum 25(OH)D3) × body weight. However, this equation can be used only for 

subjects weighing 125 kg or less (Van Groningen et al., 2010). Moreover, no toxicity 

symptoms, hypercalcemia, or suppression of PTH were observed or reported.  

 

CHAPTER THREE 

VITAMIN D AND OBESITY 

The health consequences of obesity are substantial, and sometimes the 

complications can be life threatening. Long term studies have observed that 50% to 77% 

of obese children become obese adults (Inge et al., 2004). The “Economic burden of 

obesity on the health care system in 2002 was estimated as $93 billion” reported Inge et 

al. (2004). Many conditions such as heart diseases, diabetes mellitus, hypertension, sleep 

apnea, degenerative joint disease, polycystic ovary syndrome are associated with obesity 
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(Moon et al., 2002; Inge et al., 2004; Lamendola et al., 2012; Roth et al., 2011; Bernert et 

al., 2006). Genetics, environmental factors and other biological factors are associated 

with increased risk of obesity and overweight (Inge et al., 2004).  

Obese individuals tend to have a lower plasma concentrations of 25(OH)D and a 

higher level of  plasma PTH concentrations (Dawson-Hughes et al., 2005; Wortsman et 

al., 2000; Young et al., 2009). NHANES III data demonstrated that white women with a 

healthy body mass index (BMI; 18.5 to 25) had higher 25(OH)D levels compared with 

white obese women (BMI ≥30; Young et al., 2009). The mechanism is yet unknown, but 

one of the explanations is that obese individuals who are usually sedentary may not be 

exposed to sun radiation compared to normal individuals (Wortsman et al., 2000; Roth et 

al., 2011). Another suggested mechanism is that metabolic vitamin D clearance is 

increased in obesity which is may be due to the increased uptake by adipose tissue 

(Wortsman et al., 2000). Unhealthy diets that are usually high in calories and low in 

vitamins and minerals are usually followed by obese individuals (Roth et al., 2011). 

Nutritional deficiencies in obese people are mostly due to higher intake of processed food 

which is low in nutrients (Xanthakos, 2009). About 27-30% of American food 

consumption is low in nutrients and high in sweeteners and desserts (Xanthakos, 2009). 

Xanthakos reported that as the intake of low nutrient dense food increases, higher fat, 

lower vitamins and folate content increases. Another theory is that the morbidly obese 

people are most likely less active and mobile because of their size and therefore may not 

get the chance to stay outside enough. They may also cover up more than normal weight 

people which may block sun exposure (Flores et al., 2010).  Finally, studies have 
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described that vitamin D is deposited in fat tissue which lower vitamin D bioavailability 

by slowing the release of vitamin D when levels at times of vitamin D deprivation (Roth 

et al., 2011).  Carlin et al. (2006) mentioned that levels of 25(OH)D of ≤ 20 ng/mL were 

present in 66% of the subjects studied who were morbidly obese subjects and candidates 

for gastric bypass surgeries. The author indicated that African American (AA) subjects 

tend to be at a higher risk of vitamin D deficiency compared with white patients (Carlin 

et al., 2006; Nesby-O’Dell et al., 2002). Greater skin pigmentation in AA reduces the 

synthesis of vitamin D which is considered the reason of this finding.  

Even in places with sufficient UVB exposure and cutaneous synthesis during the 

year, vitamin D deficiency could be still reported in the morbidly obese people prior to 

gastric bypass surgeries (Flores et al, 2010). Wortsman and co-authors compared blood 

concentrations of 25(OH)D after both exposure to UVB and supplementation with 

vitamin D2 in obese and non obese Caucasians. They found the obese subjects had a 

lower response to both vitamin D2 sources (Wortsman et al., 2000). 

CHAPTER FOUR 

BARIATRIC SURGERIES: GASTRIC BYPASS AND DUODENAL SWITCH 

Bariatric surgery is considered for adults with a BMI above 35 with comorbidities 

and adults with BMI above 40 with or without comorbidities (Inge et al., 2004). Surgical 

treatments of morbid obesity have increased in the last decade worldwide (Bernert et al., 

2004). When behavioral and medical weight loss techniques prove to be unsuccessful in 

reducing weight, bariatric surgeries are recommended (Johnson et al., 2005). However, 

there are various bariatric surgeries procedures performed with different efficacy and 
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safety (Inge et al., 2004). Gastric bypass, adjustable gastric banding, and biliopancreatic 

diversion are examples of the procedures used (Aasheim et al., 2009). However, in this 

study, Roux-en-Y gastric bypass (RYGB) which is an effective procedure that is mostly 

used worldwide and causes a reduction of 33% in body weight (De Campos et al., 2008; 

Cummings et al., 2004; Inge et al., 2004) and duodenal switch are the only procedures to 

use.  

 

Figure 2. Diagram of Surgical Options.  

Image credit: Walter Pories, M.D. FACS.  Adopted from: 

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

 

RYGB combines both malabsorption and restriction methods (Bernert et al., 

2006). The upper part of the stomach is cut to a pocket of size 20-30 ml (5% of its normal 

size) which decreases the amount of food taken at each meal (Cummings et al., 2004; 

Bernert et al., 2006). Restriction occurs mainly because the subject will eat smaller meals 

and snacks because of early satiety (Cummings et al., 2004). The food taken will not pass 

http://win.niddk.nih.gov/publications/gastric.htm#rygastric
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through the remaining part of the stomach and the duodenum which is not in use 

anymore. However, they still produce some materials that are important in the digestion 

process such as hydrochloric acid, pancreatic enzymes, biliary salts, and hormones 

(Bernert et al., 2006). However, nutrient deficiencies after RYGB are common such as 

vitamin D and calcium. Malabsorption of vitamin D in patients results from impaired fat 

absorption due to poor mixing of bile salts with fat (Johnson et al., 2005). 

Duodenal switch surgery may lead to a greater weight reduction than gastric 

bypass but may cause more postoperative complications and nutritional deficiencies due 

to malabsorption (Aasheim et al., 2009). The duodenal switch (DS) procedure, also 

known as biliopancreatic diversion with duodenal switch (BPD-DS) or gastric reduction 

duodenal switch (GRDS), is a weight loss surgery procedure that combines both 

restrictive and a malabsorptive aspects (Aasheim et al., 2009). Removing about 70% of 

the stomach explains the restrictive part while shortening the food pathway of the 

intestine cause the malabsorptive part (Johnson et al., 2005).  

The restrictive portion of the surgery involves removing approximately 70% of 

the stomach along the greater curvature, while the malabsorptive portion of the surgery 

reroutes a lengthy portion of the small intestine, creating two separate pathways and one 

common channel. As a result, food from the stomach reaches the shorter pathway which 

is the digestive loop and goes to the common channel. The longer pathway, the 

biliopancreatic loop, carries bile from the liver to the common channel. The aim of this 

arrangement is to reduce the amount of time the body has to absorb the energy nutrients 

and thus the calories from food in the small intestine and to selectively limit the 

http://en.wikipedia.org/wiki/Bariatrics
http://en.wikipedia.org/wiki/Absorption_(digestive)
http://en.wikipedia.org/wiki/Surgery
http://en.wikipedia.org/wiki/Stomach
http://en.wikipedia.org/wiki/Small_intestine
http://en.wikipedia.org/wiki/Digestive
http://en.wikipedia.org/wiki/Liver
http://en.wikipedia.org/wiki/Calories
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absorption of fat. Patients only absorb approximately 20% of the fat they consume 

postoperative (http://en.wikipedia.org/wiki/Duodenal_switch, 2012). Changes in 

gastrointestinal anatomy lead to poor food intake and malabsorption of certain 

micronutrients (De Campos et al., 2008). The main nutrients affected by those procedures 

are calcium, iron, folate, vitamin B12, and protein (De Campos et al., 2008, Shah et al., 

2006). In a study on bariatric surgery subjects in 2005 designed to investigate any 

negative effect on bone mineral density and vitamin D a year after the surgery, it was 

found that bone loss was greatest during the first year (Johnson et al., 2005). Another 

study that has been conducted on patients who had undergone Biliopancreatic Diversion 

to test the status of calcium, PTH and vitamin D reported that 1 out of 4 patients were 

hypocalcemic, and 1 in 2 had low serum vitamin D despite the intake of multivitamin 

supplements (http://en.wikipedia.org/wiki/Duodenal_switch, 2012). Gasteyger et al. 

(2008) followed up patients for 2 years to evaluate the effectiveness of the standard 

multivitamin supplement. They confirmed that nutritional deficiencies occur after 

bariatric surgery despite the intake of standard multivitamin supplements which make it 

crucial to follow up the patients carefully to control and treat those deficiencies 

(Gasteyger et al., 2008). Changes in vitamin status after both RYGB and biliopancreatic 

diversion with duodenal switch were examined and reported that patients of DS tend to 

have a lower mean vitamin A and 25(OH)D concentrations than RYGB subjects despite 

the supplementation regimen post op. Other vitamins such as C, E, B6, and riboflavin did 

not change significantly between groups (Aasheim et al., 2009). A linear decrease in 

vitamin D was reported in addition to a linear increase in PTH levels one year after 

http://en.wikipedia.org/wiki/Fat
http://en.wikipedia.org/wiki/Duodenal_switch
http://en.wikipedia.org/wiki/Duodenal_switch
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RYGB in one prospective study (Johnson et al., 2006). Changes of the intestines and 

absorption rate of cholecalciferol after RYGB surgery was tested in a recent study done 

by Aarts et al. (2011). A single dose of 50,000 IU cholecalciferol was given to patients 

and serum cholecalciferol concentration was measured at baseline, 1, 2, 3, and 14 days of 

the supplementation. Peak levels were observed in day 1 in all patients. Timing of 

sampling may not be perfect and might cause an underestimation of the real decrease in 

cholecalciferol absorption (Aarts et al., 2011). Despite the standard multivitamin 

supplementation after the operation, vitamin D deficiency is common which highlights 

the fact that careful follow up is needed to correct vitamin D deficiency post –op 

(Casteyger et al., 2008; Newbury et al., 2003).  

  On the other hand, no significant differences were found between pre and post- 

operative serum levels of calcium and vitamin D in another study after 2 years of follow 

up (Avgerinos et al., 2007). Ybarra et al., (2005) also did not report vitamin D deficiency 

or secondary hyperparathyroidism in morbidly obese subjects after bariatric surgery. A 

preoperative supplementation of vitamin D should be considered to correct vitamin D 

deficiency in morbidly obese patients undergoing GBP (Carlin et al., 2006; Jin et al., 

2009). 

Shah et al. (2006) and Mahdy et al. (2008) concluded that RYGB and gastric 

bypass surgeries lead to weight loss in morbidly obese subjects; however, over a long 

time, weight regain may occur. Mortality associated with RYGB is reduced over time 

(Shah et al., 2006). The mechanisms that cause the weight regain are not identified yet, 

and need further studies but may include increase in food intake due to increase in 
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stomach size and the changes in certain satiety and hunger hormones such as ghrelin and 

leptin which regulate food (energy) intake (Shah et al., 2006). The mechanism behind the 

effect of RYGB on weight loss is not clearly identified and need further studies. 

However, the stomach storage capacity is reduced to about 5% of its normal size and 

food taken bypasses 95% of the stomach (Cummings et al., 2004). Early satiety, smaller 

size of meals are also other factors that may contribute to weight loss and nutritional 

deficiencies after RYGB surgeries. Generally, changes in gastrointestinal anatomy cause 

a poor oral intake and malabsorption of micronutrients are considered the reasons behind 

nutritional deficiencies after bariatric surgery (de Campos et al., 2008). 

Recommendations of Vitamin D After Bariatric Surgeries 

  About 90% of obese patients undergoing bariatric surgeries are vitamin D 

deficient (Goldner et al., 2008). Deficiency of vitamin D has been reported in 50-80% of 

patients after RYGB (Goldner et al., 2008). Micronutrients deficiency, more specifically 

calcium and vitamin D deficiency are usually accompanied by other disorders such as 

secondary hyperthyroidism, metabolic bone disease, and hypocalcemia (Goldner et al., 

2008). As a result, careful follow up is urgently needed postoperatively to correct 

nutritional deficiencies which are common after bariatric surgeries despite 

supplementation with a standard daily multivitamin/mineral. 

A retrospective study of 2 years follow up of patients after RYGB surgery 

evaluated the efficacy of a standard multivitamin/mineral in correcting vitamin D 

deficiency observed that the standard multivitamin/mineral supplementation was not 

sufficient to correct/ treat nutritional deficiencies after RYGB (Gasteyger et al., 2008). A 
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randomized controlled trial was conducted in 2009 when all patients of RYGB and DS 

received multivitamins, 100 mg iron, 1000 mg calcium carbonate and 10 µg vitamin D3 

supplements daily. They found that patients may require different monitoring and 

supplementation regimens within the first year of surgery (Aasheim et al., 2009). Factors 

including diet, sex, sun exposure, color of the skin, baseline serum vitamin D 

concentrations, level of obesity and type of surgical procedure all affect vitamin D status 

and play a factor in deciding the right amount of vitamin D needed (Machlin, 1991).  

 Serum 25(OH)D levels were measured for patients who had undergone RYGB 

surgery pre and 12 months postoperative in a study in 2007. Optimal level was defined as 

≥80 nmol/L; 32 ng/mL, suboptimal level was 50-79 nmol/L; 20-31 ng/mL and deficient 

level was <50 nmol/L; 20ng/mL. In order to correct vitamin D status, patients who were 

in the deficient group were prescribed 50,000 IU ergocalciferol weekly. The other 

patients took the standard multivitamin supplement of 710 IU vitamin D daily (Nelson et 

al., 2007).  Both regimens improved the status of vitamin D markedly; however, they 

were inadequate to raise the levels to ≥80 nmol/L; 32 ng/mL in most patients. Based on 

this, the author concluded that more studies are needed in this area to determine the 

optimal dose of vitamin D to be given postoperatively (Nelson et al., 2007). Another 

study evaluated three doses of vitamin D3 (800, 2000, and 5000 IU/day) in a prospective 

pilot trial of patients who had undergone RYGB. Forty four percent, 78%, and 70% of the 

patients had raised their serum 25(OH)D levels ≥75 nmol/L; 30 ng/mL at 1 year. The 

author concluded that 5000 IU/D dose was necessary to correct vitamin D deficiency 

following RYGB, yet was not adequate in all the patients (Goldner et al., 2009).  
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 Sixty morbidly obese patients who are assigned to do RYGB were randomly 

divided into two groups (Norman and Henry, 2006). The first group received 50,000 IU 

of vitamin D weekly in addition to the regular daily multivitamin supplement that had 

800 IU/d and 1500 mg calcium. Group 2 received no additional vitamin D beside their 

supplement of 800 IU/D. At 3 months postoperative, the mean 25 (OH)D levels doubled 

and was maintained for one year. So, a weekly dose of 50,000 IU vitamin D appears to be 

safe and effective in correcting vitamin D depletion after RYGB surgery (Norman and 

Henry, 2006).  In this study, 100,000 IU/month cholecalciferol will be given to a group of 

patients assigned for both RYGB and DS surgeries in addition to the routine multivitamin 

supplements while the control group receive only the multivitamin supplement which 

contains 200% of RDA for vitamins taken in a multivitamin twice daily; 1600 mg 

calcium citrate/1600 IUs vitamin D3 in 4 doses daily, super B complex, and 500 mcg B 

12 daily.  Vitamin D supplement intake will total 4933 IU (1600 IU in the standard 

protocol plus 3333 IU from the Replesta (Everidis Health Services) per day in this group. 

 

CHAPTER FIVE 

METHODS AND PROCEDURES 

The Institution Review Board of Texas Tech University approved the research 

proposal, and all subjects signed the approved consent form prior to being enrolled in the 

study.  
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1. Subjects 

Seventy seven patients (both male and female; 18 to 60 years of age), who were 

undergoing an elective gastric bypass or duodenal switch surgery for morbid obesity were 

screened as subjects in this research. Subjects were patients at the Advanced Bariatric 

Surgery Center in Lubbock, Texas under the care of Dr. David Syn. Patients were 

randomly assigned to 2 treatment groups. Forty five subjects were excluded from the 

study as seen in (Figure 3) and 32 subjects were included as following:  

1) A control group receiving a standard daily multivitamin, cholecalciferol and 

calcium protocol, which is usually given to all patients after the surgery (CONTROL; 

n = 21) 

2) A standard daily multivitamin cholecalciferol and calcium protocol plus 

cholecalciferol (Replesta tablets containing 100,000 IU once a month) 

(TREATMENT; n=11).  

Recruiting of patients started in October 2012 and the patients remained in the study for 

three months. Before starting the supplement, baseline lab records were collected from 

each patient. In addition, a questionnaire that includes questions about sun exposure, 

intake of multivitamins/minerals and other related questions was given to each subject 

(Appendix 1). 

All subjects were pre-screened for entry and exclusion criteria for the surgery as 

described under Normal Care at Dr. Syn’s Office. Subjects must qualify for the bariatric 

surgery procedure on the basis that they are morbidly obese and have no factors 

associated with excess surgical risk.  
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Subjects were recruited by Shannon Owens-Malett, MS, RD, the dietitian at the 

Advanced Bariatric Surgery Center in Lubbock, Texas. All subjects were gastric bypass 

or duodenal switch surgery patients at the Center. The recruitment script was read to the 

subjects by Ms. Owens-Malett. Potential subjects were informed by Ms. Owens-Malett 

about the purpose of the study, that they were randomly assigned to either group in which 

the subjects receive an added supplement monthly or that in which the subjects do not 

receive it, the procedures, the number of added required visits, the total duration of the 

study and its voluntary nature. After determining that the subject had understood the 

above, he or she had been asked to sign a consent form (Appendix 2) to participate in the 

study. 

The inclusion criteria for the subjects include having bariatric surgery. Subjects of 

any race or economic status were eligible to participate in the study.  Subjects were 

included in the study if they had chronic disorders such as type 2 diabetes and high blood 

pressure that are commonly found in morbidly obese subjects. Some studies have found 

that vitamin D deficiency is more common in individuals with these disorders 

(Chowdhury et al., 2009; Nemerovski et al., 2009). The exclusion criteria were as 

follows: pre-surgery serum vitamin D or calcium values above normal range or epilepsy.  

Subjects were excluded based on criteria for bariatric surgery as described under 

procedures. Any subject who became pregnant or worked in an oil field or similar 

environment where the sun exposure is abundance have been asked to withdraw from the 

study and were not given any additional vitamin D supplements if they were in the 

treatment group.  
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Bariatric Surgery 
Patients 2012-2013 

N= 77 

Excluded Patients: N=45 

Incomplete data: N= 22 

Wrong Lab Test: N= 13 

Other Vitamins: N= 4 

Sun Exposure: N= 3 

Tan: N= 2 

Nonncompliance: N=1 

  

Included Patients 18-
65y: 

N= 32 
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Figure 3: Inclusion and Exclusion Criteria 

 

 

2. Procedures 

2.1 Gastric Bypass Surgery: exclusion and inclusion criteria 

Dr. David Syn uses the American Society for Bariatric Surgeons, indications for 

consideration to undergo weight loss surgery that include: 

1. BMI of greater than 40 or BMI of 35-39 with significant co-morbidities. 

2. Evidence that dietary attempts at weight control have been ineffective. 

Included Patients: N= 32 

Control Group 
taking standard 

multivitamin 
supplements, N=21 

Treatment group 
taking standard 

multivitamins plus a 
high dose of D3, 

N=11 
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3. 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  

4. Ability to comprehend the nature of the procedure and provide voluntary 

informed consent willingness to commit to long term follow-up. Dr. David Syn 

most commonly performs the Roux-en-Y gastric bypass procedure as it has in-

total the most favorable efficacy, durability and complication profile, but in 

some cases, a duodenal switch surgery is chosen by Dr. Syn for extreme cases 

of obesity. 

5. Certain characteristics will affect the ease with which this operation can be 

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 will make 

mobility after the operation easier and therefore decrease the chances of 

developing complications due to immobility. These factors do not rule out 

surgery, but patients are informed about their surgical risk profile. 
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2.2 General information about Dr. David Syn’s protocol 

The average time needed for Dr. Syn to perform the operation is between 1 and 

1.5 hours. Patients were usually discharged from the hospital after 24 hours post-

operation. Each patient saw Dr. Syn and the dietitian Ms. Owens-Malett prior to surgery 

and were scheduled for follow-up visits after surgery with Dr. Syn and the dietitian at 1 

week, 1 month, 3 month, 6 month, 1 year and yearly post-operation.  Lab work was 

collected from patients pre-operation and at 3 month for the current study.  A total of 18 

mL or about 1.25 tablespoons of blood was drawn at each visit.  

2.3 Nutritional supplements 

Patients were prescribed 200% of RDA for vitamins taken in a multivitamin twice 

daily; 1600 mg calcium citrate/1600 IUs vitamin D3 in 4 doses daily, super B complex, 

and 500 mcg B 12 daily.  If vitamin or mineral deficiencies were detected via lab work, 

the patient was counseled. If they had been noncompliant, compliancy was encouraged, 

and labs rechecked in 3 months. If they were compliant, then additional vitamin is 

recommended and/or B1/B12 injections were given and labs rechecked in 1-3 months 

depending on deficiency level.  An additional 400 IUs vitamin D was recommended if 

patients were compliant with calcium/vitamin D regimen and vitamin D was deficient. 

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

the patients to take vitamin D (400 IU) and calcium (400 mg) supplement 4 times per 

day. Heaney et al. (1988) observed 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 (Heaney et al., 1988). Due to the small gastric 
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pouch created in the gastric bypass surgery, subjects have difficulty swallowing large 

pills and multiple pills at once and thus, the multiple daily doses were used. This protocol 

requires diligence on the part of the subject, and many people failed to take an adequate 

number of tablets per day. Even in many of those who were compliant, serum vitamin D 

levels often fail to rise to acceptable levels.  

3. Dosage 

Subjects in all groups have taken the regularly prescribed vitamin D (1600 IU 

cholecalciferol) and calcium (1600 mg) protocol as they took 400 IU four times a day. 

1. CONTROL group: patients in this group were supplemented by the routine 

supplement. 

2. TREATMENT group: patients in this group were supplemented by the routine 

supplement plus two chewable tablets of 100,000 IU cholecalciferol once a month for 

an average daily dosage of 3333 IU for 3 months. Vitamin D supplement intake total 

was 4933 IU (1600 IU in the standard protocol plus 3333 IU from the Replesta) per 

day in this group.  

The cholecalciferol supplement brand name is Replesta (Cholecalciferol, Everidis 

Health Sciences), and it is a non-prescription item but the label states to only use it under 

medical supervision. Subjects who were in the experimental group receiving the 

additional vitamin D supplement came to Dr. Syn’s office once a month and were given 2 

vitamin D tablets containing a total of 100,000 IU of cholecalciferol and a snack 

containing fat (such as 1 tsp of margarine or peanut butter on a saltine cracker or 1 Tbsp 

of cream) containing some fat as vitamin D is a fat soluble vitamin and will be better 
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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 selected for them that 

did not contain those ingredients. Ms. Owens-Malett provided the supplement and snack 

and visually observed the subject taking it. As subjects come to the clinic to receive their 

supplements, Ms. Owens-Malett assured that they got the correct number of tablets each 

month. Subjects who lived at sites outside of Lubbock were provided with vitamin D 

tablets to take home and were called at monthly intervals and reminded to take the 

vitamin D tablets with the appropriate amount of fat. A subject taking at least 2 out of 3 

doses of additional vitamin D was considered compliant and included in the experimental 

group for data analysis. 

4. Blood Sample Analysis 

No additional blood was drawn from the subjects for this study and we obtained the 

laboratory values from the subjects’ medical records. The subjects had blood drawn prior 

to surgery and at 3 months post-surgery in Dr. Syn’s standard treatment protocol. The 

following tubes of blood were 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 was a total of 18 mL or about 1.25 tablespoons of blood. The usual 

blood analyses included 25 hydroxy vitamin D, phosphorus, albumin, Blood Urea 

Nitrogen (BUN), creatinine, and lipid profile and calcium that were completed on every 

patient before and after surgery (Appendix 3). The blood 25 Hydroxy vitamin D levels 
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were used to assess response to the vitamin D treatment in this study. Vitamin D is 

metabolized to 25(OH)D by the liver once in the circulation of the body. The principle 

circulating form in plasma or serum is the 25(OH)D form of vitamin D and is generally 

the best overall indicator of vitamin D status in the body (Romagnoli et al., 2008).  

Furthermore, it reflects vitamin D produced cutaneously and that obtained from food and 

supplements (ODS, 2012) and has a fairly long circulating half-life of 15 days (ODS, 

2012). Other forms of vitamin D in circulation such as 1,25 form are not optimal status 

indicators as they are abnormal only in extreme deficiency and low value are often 

caused by chronic kidney disease rather than vitamin D status (Cranney et al., 2007; 

Holick, 2007) and because it has a short half-life of 15 hours (Norman and Henry, 2006). 

Currently, intact parathyroid (iPTH) hormone levels, alkaline phosphatase, and bone 

mineral density measurements are not being measured on Dr Syn’s patients, and there 

was no funding to perform these tests. 

5. Potential Risks of Vitamin D 

Excessive intake of vitamin D can be toxic, but the doses used in this study were well 

below the highest safe level and the subjects were monitored for symptoms of toxicity 

and not given any more if symptoms were observed (Institute of Medicine, 2010). There 

was a very minimal risk that a subject would have a blood vitamin D or calcium level 

above normal range. Holick (2009) reported in 2009 that tolerable upper intake levels for 

children 0-12 months can be 2000 IU (80 µg/d)  and for children over 1-18 yrs should be 

at least 5000 IU/d. Adults from 18 to 50 yrs can be given up to 10,000 IU/d. Although the 

maximum daily intake in this study was unlikely to cause adverse health effects, it is 

http://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/#h4
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reported that vitamin D of 10,000 to 40,000 IU /d could be toxic (Institute of Medicine, 

2010). An elevated serum calcium, >10.2 mg/dL, and/or vitamin D > 100 ng/mL, values 

are the earliest indication of vitamin D toxicity. Vitamin D toxicity is characterized by 

nausea, itching, thirst, and excess urination. Subjects were questioned each time they 

were given a vitamin D caplet about any of these symptoms and were to be withdrawn 

from the study if these symptoms were noted. The study protocol required Ms. Owens-

Mallet to call any subject who was found to have either elevated serum vitamin D or 

calcium levels or had reported symptoms of vitamin D toxicity and informed them that 

they would be withdrawn from the study. This did not occur in any subject, and no 

subjects were withdrawn from the study due to elevated serum vitamin D or calcium 

levels or with signs or symptoms of vitamin D toxicity. 

Since the study accessed the values obtained by the physician on all gastric bypass 

patients, participation in the study added no further risk than that for a patient undergoing 

the surgery but not in the study.            

6. Statistical Analysis  

Only compliant subjects in the experimental vitamin D supplement group who 

reported taking 2 out of 3 doses of additional vitamin D were included in the data 

analysis. Descriptive statistics including mean, range, and standard deviation have been 

calculated for all outcome variables and questionnaire data in both the control and 

experimental group. A student t-test was used to determine if there were significant 

differences between the mean values for 25 (OH) vitamin D, calcium, number of minutes 

per day in the sun without sunscreen, and number of visits per month to a tanning salon 



Texas Tech University, Hadil Subih, December 2013 

 

50 

 

between the control and experimental groups. A paired sample t-test was used to 

determine if there was a significant change in these values after treatment. All statistics 

were analyzed using SPSS (IBM SPSS Statistic 20 for Windows), and values were 

considered significantly different if p<0.05. Only data from subjects met the compliance 

criteria of taking a minimum of 2 out of 3 of vitamin D was used for statistical analyses.  

 

CHAPTER SIX 

RESULTS 

Demographic and Sun Expose Information at Baseline 

The mean age of the subjects was 43.1±11.2 (mean ± SD) years as subjects 

ranged from 21-62 years of age (Table 4.1). Four subjects were males (12.5%) and 28 

subjects were females (87.5%). The majority of the subjects were Caucasian (n=28; 

87.5%) while 4 subjects (12.5%) were Hispanic. Before the surgery, the mean of body 

mass index (BMI) was 50.1 ± 9.4 (Mean ± SD) with a range of 34 – 71.4. Nineteen 

subjects had RYGB procedure (59.4%) while 13 subjects (40.6%) had SD procedure. 

Nineteen subjects were diabetic (59.4%) while 13 (40.6%) were non-diabetic (Table 4.1). 

A comparison between the characteristics of CONTROL and TREATMENT 

groups is found in Table 4.2. The mean age of CONTROL group was 42.7±11.8 y which 

was not different that the mean age of TREATMENT (43.8± 10.4; P=0.78). The mean 

BMI in both groups was not significantly different between groups at baseline (51.9± 10, 

46.8±7.5; P=0.11) for CONTROL and TREATMENT respectively. The mean body 

weight of CONTROL group was 303±75.6 lb while the mean weight of the 
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TREATMENT group was 279.1±38.3 (P= 0.22). Four males and 17 females were in the 

CONTROL group while TREATMENT group included 11 females. CONTROL group 

had 18 Caucasians and 3 Hispanic subjects while TREATMENT group had 10 

Caucasians and 1 Hispanic subject only. Twelve subjects in the CONTROL group had 

RYGB procedure while the rest (n=9) had DS procedure. Seven subjects in the 

TREATMENT group had RYGB and 4 subjects had DS. Almost half of the CONTROL 

group were diabetic (n= 10) and 11 subjects were non diabetic while the ratio was 

different in the TREATMENT group as 2 subjects only were non-diabetic and 9 subjects 

were diabetic (Table 4.2). 

The mean of sun exposure time for subjects in the CONTROL group was 50.9 ± 

29.3 minutes per day (Mean ± SD) with a range of 15 to 120 minutes a day (Table 4.3). 

Eighteen subjects in the CONTROL group (94.7%) reported that some of their skin was 

exposed to the sun while only one subject (5.3%) reported that most of his skin was 

exposed to sunlight. Twenty one percent of the subjects in the CONTROL group (n=4) 

reported that they never used a sunscreen while going outside. However, fifty eight 

percent (n=11) used sunscreen occasionally and 21% (n=4) used sunscreen always. Two 

subjects (10.5%) reported their participation in tanning sessions while 89.5% did not 

participate in tanning bed treatments. Multivitamin use after surgery was reported in 

89.5% of the subjects. Calcium and vitamin D supplements were reported as 89.5% and 

64.7% respectively in all subjects.  

On the other hand, the mean time for sun exposure in the TREATMENT group 

was 59.8 ± 43.3 minutes per day with a range of 1 to 160 minutes per day. All subjects in 
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the TREATMENT group reported that some of their skin was exposed to the sun and 

81.8% of them reported they used sunscreen occasionally while one subject only reported 

that he never used sunscreen and one subject reported that he always apply sunscreen 

when go outside. Ninety percent of the subject in the TREATMENT group (n=9) 

reported that they never participated in tanning sessions while only one subject (10%) 

participated in Tanning. All subjects reported taking some prescribed supplements after 

surgery (100%). Calcium and vitamin D supplements were reportedly taken in 88.9% and 

77.8% respectively in the TREATMENT group (Table 4.3). 
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Table 4.1: Characteristics of the study population of bariatric surgery 

patients. 

 

Groups
1 

   CONTROL 

   TREATMENT 

 

21 

11 

Age, yr 

Mean ± SD 

 

43.1±11.2 

Gender, % 

     Male (n=4) 

     Female (n=28) 

 

12.5 

87.5 

Ethnicity, % 

    Caucasian (n=28) 

    Hispanic (n=4) 

 

87.5 

12.5 

2
BMI, kg/m

2 

   Range 

   Mean 

 

34-71.4 

50.1±9.4 

Type of Surgery
3
, % 

    RYGB (n=19) 

    DS (n=13) 

 

59.4 

40.6 

Diabetic vs. nondiabetic, % 

    Diabetic (n=19) 

    Nondiabetic (n=13) 

 

59.4 

40.6 

Weight (lb) 

Mean±SD 

295.4±65.6 

1
CONTROL group: patients in this group were supplemented by the routine supplement. TREATMENT 

group: patients in this group were supplemented by the routine supplement plus two chewable tablets of 

100,000 IU cholecalciferol once a month for an average daily dosage of 3333 IU for up to one year. 

2
BMI: Body mass index 

3
RYGB: Roux-en-Y Gastric Bypass 

DS: Duodenal Switch 
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Table 4.2: Baseline characteristics of the study population of bariatric 

surgery patients for CONTROL and TREATMENT group 

 CONTROL 

21 

TREATMENT 

11 

P- value 

Age, yr 

Mean ± SD 

42.7±11.8 43.8±10.4 0.78 

Gender 

   Male (n=4) 

   Female (n=28) 

 

4 

17 

 

0 

11 

 

Ethnicity 

   Caucasian (n=28) 

   Hispanic (n=4) 

 

18 

3 

 

10 

1 

 

2
BMI, kg/m

2 

   Mean 

 

51.9±10.0 

 

46.8±7.5 

 

0.11 

Type of Surgery
3
 

   RYGB (n=19) 

   DS (n=13) 

 

12 

9 

 

7 

4 

 

Diabetic vs. 

nondiabetic 

   Diabetic (n=19) 

   Nondiabetic (n=13) 

 

 

10 

11 

 

 

9 

2 

 

Weight (lb) 

Mean±SD 

303±75.6 279.2±38.3 0.22 

1
CONTROL group: patients in this group were supplemented by the routine 

supplement. TREATMENT group: patients in this group were supplemented by the 

routine supplement plus two chewable tablets of 100,000 IU cholecalciferol once a 

month for an average daily dosage of 3333 IU for up to one year. 

2
BMI: Body mass index 

3
RYGB: Roux-en-Y Gastric Bypass 

 DS: Duodenal Switch
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Table 4.3: Baseline comparison of control and treatment groups in questionnaire answers 

regarding supplement use and sun exposure 

Treatments 

 

 CONTROL TREATMENT 

Time of sun exposure 

(Min/d) Mean ± SD 

50.9±29.3 Min/d 59.8±43.3 Min/d * 

Skin Exposed  

   Number (n) 

   Percentage (%) 

Some 

18 

(94.7) 

Most 

1 

(5.3) 

None 

0 

Some 

11 

(100) 

Most 

0 

None 

0 

Sunscreen 

   Number (n) 

   Percentage (%) 

Never 

4 

(21) 

Occasionally 

11 

(58) 

Always 

4 

(21) 

Never 

1 

(9.1) 

Occasionally 

9 

(81.8) 

Always 

1 

(9.1) 

Tan 

    Number (n) 

   Percentage (%) 

Yes 

2 

(10.5) 

No 

17 

(89.5) 

 Yes 

1 

(10) 

No 

9 

(90) 

 

Supplements 

   Number (n) 

   Percentage (%) 

Yes 

17 

(89.5) 

No 

2 

(10.5) 

Yes 

10 

(100) 

No 

0 

Calcium 

    Number (n) 

   Percentage (%) 

Yes 

17 

(89.5) 

No 

2 

(10.5) 

Yes 

8 

(88.9) 

No 

1 

(11.1) 

Vitamin D 

   Number (n) 

   Percentage (%) 

Yes 

11 

(64.7) 

No 

6 

(35.3) 

Yes 

7 

(77.8) 

No 

2 

(22.2) 

*P= 0.51 

Descriptive and Frequencies test was used to determine number of subjects in each category. 
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Baseline BMI, Ca, % HbA1c, and Vitamin D in Control and Treatment Group 

The mean of BMI for all subjects was 50.1±9.4 at baseline (Table 4.1). Most of 

subjects (n=15, 46.8%) had a BMI of 40-49.9, 12.5% had a BMI of 30-39.9 (n=4), 

18.75% had a BMI of 50-59.9 and 60-69.9 (n=6) while 1 subject only (3%) had a BMI of 

70-79.9 at baseline (Figure 4.1). There was no significant difference (P=0.11) between 

baseline BMI in the CONTROL and TREATMENT group which was 51.9±10.0 and 

46.8±7.5 respectively (Table 4.4). 

Baseline calcium levels were not different between CONTROL and 

TREATMENT group (9.4±0.4, 9.4±0.3; P=0.73). Hemoglobin A1c also was not 

significantly different between CONTROL (6.47±1.6%) and TREATMENT group 

(5.78±1.2%), (P=0.24). Serum vitamin D in CONTROL was significantly higher than 

TREATMENT at baseline (23.7±10.6, 17.5±6.9; P=0.05) (Table 4.4). 

 

 

Figure 4.1: Baseline distribution of subjects based on their BMI 

4 

15 
6 

6 

1 

BMI (Kg/m2) 

30-39.9 40-49.9 50-59.9 60-69.9 70-79.9 
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Table 4.4: Comparison of blood parameters and body mass index  in CONTROL and 

TREATMENT groups at baseline (n=32) 

 CONTROL TREATMENT  

Pre-trial 

(Mean ± SD) 

Pre-trial 

(Mean ± SD) 

P-value 

25(OH)D, ng/mL 23.7±10.6 17.5±6.9 0.05 

Ca, mg/dL 9.4±0.4 9.4±0.3 0.73 

HbA1C% 6.5±1.6 5.7±1.2 0.24 

BMI, kg/m
2 51.9±10.0 46.8±7.5 0.11 

Independent samples t-test was used to compare baseline values of 25(OH)D, Ca, HbA1c 

and BMI in CONTROL and TREATMENT group 
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Vitamin D Status at Baseline 

Thirteen subjects from the Caucasian group (46.5%) had severe vitamin D 

deficiency <20 ng/mL at baseline, while 8 subjects (28.5%) had mild deficiency (20-29.9 

ng/mL). Seven subjects (25%) had adequate serum vitamin D levels at baseline. On the 

other hand, none of the Hispanic subjects had adequate serum vitamin D levels at 

baseline. Seventy five percent had severe deficiency and 25% had mild deficiency (Table 

4.5) 

Serum 25(OH)D concentrations in males and females was significantly different 

at baseline (23.8±9.9, 21.3±10 ng/mL; P= 0.03) in males and females respectively 

(Figure 4.2). Fifty percent of both males and females had severe deficiency (<20 ng/mL) 

at baseline. Twenty eight and half percent of females had mild deficiency (20-29.9 

ng/mL) and 21.5% had adequacy (≥30 ng/mL) at baseline. One fourth of males had mild 

deficiency and adequacy (Table 4.5). Mean of serum 25(OH)D at age 20-29y (n=5) was 

18.2±5.5 ng/mL. Sixty percent of subjects (n=3) had severe deficiency while 40% had 

mild deficiency whereas, none of them had adequate levels at baseline. Mean of serum 

25(OH)D at the age of 30-39y (n=8) was 22±7.5 ng/mL. Three subjects in this group had 

severe deficiency and three subjects had mild deficiency (37.5%). Twenty five percent 

had adequate levels of vitamin D at baseline. Older subjects who are 40-49y (n=11) had a 

mean of 20.7±9.3 ng/mL. About half of them had severe deficiency while 27.3% (n=3) 

had mild deficiency and 18.2% (n=2) had adequate levels. Subjects at the age of 50-59.9y 

(n=4) had a mean of 17±6.8 ng/mL. Most of the subjects (75%) had severe deficiency. 

Interestingly, subjects 60-65y (n=4) had the highest mean 25(OH)D at baseline 
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(31.7±16.7 ng/mL). Fifty percent of this group had mild deficiency, 25% had severe 

deficiency and adequacy (Table 4.5). 
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Table 4.5: Serum 25(OH)D status at baseline in bariatric surgery subjects (N=32). 

 Mean, ng/mL  Severe deficiency 

(<20 ng/mL) 

N (%) 

Mild deficiency 

(20-29.9 ng/mL) 

N (%) 

Adequacy  

(≥30 ng/mL) 

N (%) 

Gender 

     Female (n=28) 

     Male (n=4) 

 

21.3 

23.7 

 

14 (50) 

2 (50) 

 

8 (28.5) 

1 (25) 

 

6 (21.5) 

1 (25) 

Age, yr 

     20-29 (n=5) 

     30-39 (n=8) 

     40-49 (n=11) 

     50-59 (n= 4 ) 

     60-65 (n=4) 

 

18.2 

22 

20.7 

17 

31.7 

 

3 (60) 

3 (37.5) 

6 (45.5) 

3 (75) 

1 (25) 

 

2 (40) 

3 (37.5) 

3 (27.3) 

1 (25) 

2 (50) 

 

0 

2 (25) 

2 (18.2) 

0 

1 (25) 

Ethnicity 

  Caucasian (n=28) 

   Hispanic (n=4) 

 

22.5 

14.7 

 

13 (46.5) 

3 (75) 

 

8 (28.5) 

1 (25) 

 

7 (25) 

0 

BMI
1
, kg/m

2
 

    30-39.9 (n=4) 

    40-49.9 (n=15) 

    50-59.9 (n=6) 

    60-69.9 (n=6) 

   70-79.9 (n=1) 

 

27.5 

21 

23.7 

18.8 

10 

 

0 

9 (60) 

2 (33.33) 

4 (66.6) 

1 (100) 

 

3 (75) 

3 (20) 

2 (33.33) 

1 (16.7) 

0 

 

1 (25) 

 

3 (20) 

 

2 (33.33) 

 

1 (16.7) 

 

0 

 

 
1
BMI: Body mass index 

Descriptive Frequencies test was used to calculate number of subjects in each variable. 
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Racial difference was also observed between the Caucasians’ mean serum vitamin 

D concentration of 22.5±10.1 ng/mL and the Hispanic mean of 14.7±4.3 ng/mL (P= 0.03) 

(Figure 4.3). On the other hand, serum vitamin D concentration was not significantly 

different between RYGB (21.9±7.8 ng/mL) and DS subjects (21.1±12.6 ng/mL) (P= 

0.84) (Figure 4.4). Differences between the baseline serum vitamin D concentrations 

among diabetic and nondiabetic subjects was not significant (DM: 24.6±12 ng/mL, ND: 

19.5±7.7 ng/mL; P=0.18) (Figure 4.5). 
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Figure 4.2: Serum 25(OH)D concentrations in males and females at baseline *P=0.03. 

Independent sample t-test was used to compare baseline levels in males and females.  
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Figure 4.3: Serum 25(OH)D concentrations in Caucasian and Hispanic at baseline.* P= 

0.03. Independent sample t-test was used to compare 25(OH)D between Caucasians and 

Hispanic at baseline. 

 

 

 

 

 

 

 

 

 

 

 

* 

22.5±10.1 

14.7±4.3 

0 

5 

10 

15 

20 

25 

Caucasians Hispanics Se
ru

m
 2

5
(O

H
)D

 c
o

n
ce

n
tr

at
io

n
s,

 n
g/

m
L 

Race 



Texas Tech University, Hadil Subih, December 2013 

 

64 

 

 

 

Figure 4.4: Serum 25(OH)D concentrations in RYGB and DS patients at baseline. 

RYGB: Roux-en-Y Gastric Bypass 

DS: Duodenal Switch 

Independent sample t-test was used to compare baseline 25(OH)D levels in RYGB and 

DS subjects. 
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Figure 4.5: Serum 25 (OH)D concentrations in diabetic and non-diabetic patients at 

baseline. Independent sample t-test was used to compare baseline 25(OH)D levels 

between diabetic and non-diabetic subjects.      
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Post Supplementation Results 

Vitamin D 

Mean serum 25(OH)D in the CONTROL group did not change significantly 

(P=0.94) between baseline and 3 month (23.7±10.7 vs. 23.8 ±10.7 ng/ml) while as 

expected in our hypothesis, 25(OH) D levels were significantly greater (P=0.001) at 3 

months in the TREATMENT group than at baseline. (17.5 ±7.2 vs. 33.8 ±14.7 ng/ml); 

(Table 4.7). Also, the three month serum 25(OH)D mean was significantly higher in 

TREATMENT group taking the extra high dose of 100,000 IUs cholecalciferol monthly 

(P=0.04) than in the CONTROL group taking the standard supplementation regimen 

(Table 4.6, Figure 4.6). 

Other Parameters 

All subjects had serum calcium levels within normal range at baseline and 3 

months. The mean of serum calcium concentrations decreased (P=0.01) at 3 month in the 

CONTROL group (9.4 ±0.09 to 9.1±0.4 mg/dl) (Table 4.7). There were no other 

significant differences between post-trial values of the two groups for serum calcium, % 

hemoglobin A1c, and BMI. In the TREATMENT group, the mean calcium level of 

9.4±0.09 at baseline was not significantly different (P=0.92) from the 3 months value of 

9.4±0.5 mg/dl. There was no significant difference between baseline and 3 month % 

hemoglobin A1c levels in all subjects as well as within each treatment (CONTROL: 

6.5±1.6 to 5.8±0.0 %, P=0.43 and TREATMENT: 5.8±1.2 to 5.5±0.5 %, P=0.51).  

Baseline mean body weight of CONTROL group (303.9±75.6 lb) was not 

significantly different than TREATMENT group (279.2±38.3 lb; P=0.23) (Table 4.2). 
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Change of body weight between baseline and 3 months after the surgery was significant 

(P=0.000) in both groups. Mean of weight loss among the subjects after the surgery was 

14.8% of baseline body weight. Most of the subjects (n=24) lost 10.0-19.9% of their 

body weight, 5 subjects lost < 10% and 3 subjects lost 20-25% of body weight 3 months 

after the surgery. There was no significant difference (P=0.27) between the CONTROL 

group and the TREATMENT group in regards to their weight loss (14.04±3.7 vs. 

16.35±6.2 %). Subjects who lost <10% of their body weight had a mean serum 25(OH)D 

of 25.7±6.7 at 3 month while subjects who lost >10% of their body weight had a serum 

25(OH)D of 27.3±13.7 ng/mL  with no significant difference (P=0.69).  
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Table 4.6: Comparing vitamin D and blood parameters in CONTROL and TREATMENT groups 

3 months after supplements (N=32) 

 CONTROL TREATMENT  

Post-trial Post-trial P-value 

25(OH)D, ng/mL 23.8±10.7 33.8±14.7 0.04 

Ca, mg/dl 9.1±0.4 9.4±0.5 0.08 

HbA1C% 5.8±0.00 5.5±0.4 0.60 

BMI, kg/m
2 40.1±11.1 39.2±7.5 0.80 

 

Independent sample t-test was used to compare 3 month values of 25(OH)D, Ca, HbA1c 

and BMI in CONTROL and TREATMENT group. 
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Figure 4.6: Serum 25(OH)D concentrations difference between baseline and 3 month for 

both the CONTROL and TREATMENT group. 

CONTROL group taking standard multivitamins 

TREATMENT group taking standard multivitamins plus a high dose of vitamin D3. 

*P=0.05: Difference between baseline vitamin D in CONTROL and TREATMENT 

groups. 

**P=0.01: Difference between baseline and 3 month in TREATMENT group. 

***P=0.04: Difference between treatment and control group at 3 month.  

Paired sample t-test and Independent samples t-test were used to compare baseline with 3 

month levels in each treatment group and compare different treatments levels at baseline 

and 3 months. 
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Table 4.7: Comparing Pre-trial versus Post-trial results for vitamin D and other blood 

parameters (N=32) 

 Treatments 

 CONTROL TREATMENT 

 Pre-trial Post-trial P-value Pre-trial Post-trial P-value 

25(OH)D, ng/ml 23.7±10.7 23.8±10.7 0.94 17.5±7.2 33.8±14.7 0.001 

Ca, mg/dl 9.4±0.09 9.1±0.4 0.01 9.4±0.09 9.4±0.5 0.92 

HbA1C, % 6.5±1.6 5.8±0.0 0.43 5.8±1.8 5.5±0.5 0.51 

BMI, kg/m
2
 51.9±10 40.1±11.1 0.000 46.8±7.5 39.2±7.5 0.000 

 

Paired sample t-test was used to compare baseline and 3 month values of 25(OH)D, Ca, 

% HbA1c and BMI in CONTROL and TREATMENT group. 
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Vitamin D Status Was Generally Improved After High Dose Vitamin D 

Supplementation 

At baseline, 28.5% of the CONTROL group had optimal serum 25(OH)D of 30 

ng/mL or more. Insufficient serum levels of 20-29.9 ng/mL was reported in 33.4% of the 

subjects while 38.1% had deficiency (<20 ng/mL). At 3 month, optimal levels of 

25(OH)D were observed in 33.3% while 38.1% and 28.6% of the subjects had deficiency 

and insufficiency respectively (Table 4.8). In TREATMENT group, 72.7% of the 

subjects had deficiency at baseline which has been reduced to 10% 3 month post-

supplementation. Insufficient serum levels 20-29.9 ng/mL was observed in 18.2% 

subjects at baseline which increased to 50% subjects at 3 month. Optimal levels >30 

ng/mL was observed in 9.1% subjects only at baseline. Post –supplementation results 

showed that 40% of subjects in the TREATMENT group had optimal levels (Table 4.9). 
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Table 4.8: Percentage of change in serum 25(OH)D from baseline to 3 

month in CONTROL group 

25(OH)D (ng/mL) Baseline N (%) 3 month N (%) 

<20 (n=8) 38.1% (n=8) 38.15% 

20-29.9 (n=7) 33.4% (n=6) 28.6% 

30-39.9 (n=5) 23.8% (n=6) 28.6% 

40-49.9 (n=0) (n=1) 4.7% 

50-50.9 (n=1) 4.7% (n=0)  

>60 (n=0) (n=0)  

Total (n=21) 100% 100% 
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Table 4.9: Percentage of change in serum 25(OH)D from baseline to 3 month in 

TREATMENT group 

25(OH)D (ng/mL) Baseline N (%) 3 month N (%) 

<20 (n=8) 72.7% (n=1) 10% 

20-29.9 (n=2) 18.2% (n=5) 50% 

30-39.9 (n=1) 9.1% (n=2) 20% 

40-49.9 (n=0) (n=1) 10% 

50-50.9 (n=0)  (n=0)  

>60 (n=0) (n=1) 10% 

Total (n=11, n=10)
* 100% 100% 

 Eleven subjects were included in baseline tests while 10 subjects only were 

included in 3 month test. 
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CHAPTER FIVE 

DISCUSSION  

Below Optimal Vitamin D Status is Common in Obese Subjects 

Vitamin D is synthesized endogenously when exposed to adequate UVB; 

however, endogenous vitamin D appears to be altered in the obese population making 

obese people at higher risk of vitamin D deficiency or insufficiency. Our study results 

confirmed that below optimal serum vitamin D levels were very common in obese 

subject scheduled for bariatric surgery. Sequestration of vitamin D in fat tissue in 

addition to few other possible facts is considered the main mechanism. In obese subjects, 

both dietary and cutaneously synthesized vitamin D are stored in the body adipose tissue 

for other times when vitamin D supply is inadequate (Tsiaras &Weinstock, 2011; 

Wortsman et al., 2000).   Wortsman et al. (2000) reported that vitamin D stored in the fat 

compartments could be sequestered in the larger body pool of adipose tissue of obese 

individuals compared to non-obese individuals. Their finding was consistent with other 

previous studies who reported an inverse relationship between vitamin D levels and 

increased level of adiposity. It was clearly stated that in obese subjects, vitamin D is 

sequestered deep in the body fat which makes it more difficult to be bioavailable when 

the body is deprived (Holick, 2005; Wortsman et al., 2000; Young et al., 2009). Rucker et 

al. (2002) observed an inverse relation between body mass index (BMI) and 25(OH)D 

which was explained  by the larger body pool of vitamin D or slower mobilization from 

fat tissues.  Even in places with sufficient UVB exposure and cutaneous synthesis during 

the year, vitamin D deficiency could be still reported in the morbidly obese people prior 
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to gastric bypass surgeries (Flores et al, 2010). Wortsman and co-authors compared blood 

concentrations of 25(OH)D after both exposure to UVB and supplementation with 

vitamin D2 in obese and nonobese Caucasians. They found the obese subjects had a 

lower response to both vitamin D2 sources (Wortsman et al., 2000). 

Bariatric Surgery and Vitamin D Status 

Due to the health risks caused by obesity, obese people tend to follow diets and 

exercise to lose weight but unfortunately, this doesn’t work all the time. When behavioral 

and medical weight loss techniques prove to be unsuccessful in reducing weight, bariatric 

surgeries are recommended (Johnson et al., 2005).  

 Bariatric surgery is recommended for adults with a BMI above 35 with 

comorbidities and adults with BMI above 40 with or without comorbidities (Inge et al., 

2004). Surgical treatments of morbid obesity have increased in the last decade worldwide 

(Bernert et al., 2004). However, there are various bariatric surgeries procedures 

performed with different efficacy and safety (Inge et al., 2004). Gastric bypass, adjustable 

gastric banding, and biliopancreatic diversion are examples of the procedures used 

(Aasheim et al., 2009). However, in this study, Roux-en-Y gastric bypass (RYGB) which 

is an effective procedure that is mostly used worldwide and causes a reduction of 33% in 

body weight (De Campos et al., 2008; Cummings et al., 2004; Inge et al., 2004) and 

duodenal switch are the surgeries that were performed on the subjects.  

In addition to factors such as insufficient sun exposure, reduced intake amount 

and limited outdoor activities, vitamin D deficiency, due to malabsorption, is considered 

one of bariatric surgery side effects that should be corrected.  
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Vitamin D3 was used as a high dose monthly oral supplement in the current 

study. Previous research studied the administration of vitamin D2 and D3 to correct 

serum vitamin D levels after bariatric procedures in different doses and durations to find 

the best treatment regimen after surgery. The relative efficacy of D2 vs. D3 in treating 

vitamin D deficiency continues to be debated. Both forms appear to be generally effective 

for preventing or treating deficiency. Previous studies observed that vitamin D3 is more 

potent than vitamin D2 in humans (Heaney et al., 2011; Ogden et al., 2006). Heaney et al. 

reported that D3 is 87% more potent than D2 in raising serum levels of 25(OH)D and in 

storing more vitamin D (Heaney et al., 2011). Another study found that when both types 

of vitamin D were given to subjects, cholecalciferol showed a better response than 

ergocalciferol in increasing the concentrations of serum 25(OH)D (Romagnoli et al., 

2008). Vitamin D3 has the longer half-life and less frequent dosing may be needed 

(Kennel et al., 2010). Binkley et al. (2010) concluded that vitamin D3 is more potent than 

vitamin D2. Lower affinity of vitamin D2 for vitamin D binding protein in the 

circulation, leading to more rapid clearance could be the reason. Recently, Tripkovic et 

al. (2012) summarized a few intervention studies and indicated that in most studies, 

cholecalciferol supplementation produced significantly greater increases in serum 25 

(OH)D compared to ergocalciferol. There were very few studies that found an equal 

effect of both vitamin D2 and vitamin D3 (Ogden et al., 2006).  Owens (2013) 

administered a monthly high dose (100,000 IUs) of D2 to bariatric surgery patients in 

Covenant Hospital, Lubbock, TX and followed them up for one year. A significant 

increase was seen in mean serum 25 (OH) D levels (26.1±9.23 versus 
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38.53±16.75ng/mL; P=.046) 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) post-trial.  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 in the control group (21.86 ± 

11.42 versus 24.55 ± 8.87 ng/mL; P=.194).  Subjects in Owens (2013) study had taken 

the supplement for a prolong time (one year) which may explain the significant increase 

in serum 25(OH)D levels. The mean serum 25(OH)D before surgery was slightly lower 

in the subjects in the current study and serum levels were slightly lower after three 

months of cholecalciferol supplementation compared to subjects taking ergocalciferol for 

a year. 

Fortunately, our study results supported other studies that confirmed the efficacy 

and potency of vitamin D3 supplementation in raising serum concentrations of patients to 

adequate levels. This study along with others demonstrates that a high dose 

cholecalciferol supplement can improve vitamin D levels. In our study, 3 month post –

supplementation data showed that 10% of TREATMENT group had vitamin D 

deficiency at 3 month compared to baseline levels (72.7%). However, in CONTROL 

group, percentage of subjects having vitamin D deficiency did not improve from baseline 

to 3 month post-supplementation. 

Goldner et al. evaluated three doses of vitamin D3 (800, 2,000, and 5,000 IU/day) 

in 45 patients undergoing RYGB.  At 12 months, the 3 groups had a mean ± SD increase 
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in 25(OH)D of (11, 4 ng/mL), (24, 9.6 ng/mL) and (26.4, 10.4 ng/mL) respectively for 

baseline and 12 months for the 3 groups (P=0.09). In our study, mean serum 25(OH)D 

was significant higher as well (P=0.04) in subjects that received the additional monthly 

100,000 IUs cholecalciferol (17.5±7.2, 33.8±14.7 ng/mL; P= 0.001) than in subjects that 

received the standard regimen (23.7±10.7, 23.8±10.7 ng/mL; P=0.94) with a mean 

difference of 10.00 ng/mL between CONTROL (23.8±10.7 g/mL) and TREATMENT 

(33.8±14.7  ng/mL) group at 3 month. 

Our results also are similar to Carlin et al. who recruited 60 vitamin D-depleted 

morbidly obese women. They 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) with a mean 

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 showed a significantly 

higher 25(OH)D in group 1 (37.8 ng/mL) compared with group 2 (15.2 ng/mL; P <.001). 

Although Carlin et al. used a higher dose of vitamin D (200,000 IUs monthly) compared 

to the dose we used in our study (100,000 IUs), the values in the two studies are still 

similar.  

Our study results were also similar to another study by Norman and Henry who 

had 3 months serum vitamin D tested. Sixty morbidly obese patients who are assigned to 

do RYGB were randomly divided into two groups (Norman and Henry, 2006). The first 

group received 50,000 IU of vitamin D weekly in addition to the regular multivitamin 

supplement that had 800 IU/d and 1500 mg calcium. Group 2 received no additional 

vitamin D beside their supplement of 800 IU/D. At 3 months postoperative, the mean 25 
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(OH)D levels doubled and was maintained for one year. So, a weekly dose of 50,000 IU 

vitamin D appears to be safe and effective in correcting vitamin D depletion after RYGB 

surgery (Norman and Henry, 2006).   
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Table 5: Previous studies comparing vitamin D2 and D3 in bariatric surgery patients. 

First 

Author, 

year (Ref) 

Type of 

Surgery 

N Mean Daily 

Dose Vit D 

Form 

of Vit 

D 

Study 

Duratio

n 

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 .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 

<.00

1 

Goldner  

(2009) 

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 

<.00

1 

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 

<.00

1 

Aarts 

(2011) 

RYGB 14 50,000 IU D3 14 

days 

15.2 30.6 <0.0

01 

Aasheim 

(2009) 

RYGB 

DS 

60 10µg= IU 

40,000 

D3 1 yr 14.8 52.4 0.05 

Avgerinos 

(2007) 

RYGB 444 800 IU D 1y, 2y 40 1 y:65 

2y:20 

0.248 

0.539 

 

Weight Loss and Other Parameters were not Affected by Vitamin D 

Supplementation 

BMI was not different among treatments at 3 month (40.11±11.17, 39. 26±7.55; 

P=0.80) which is similar to Stein et al. who found similar findings as our study in that 

BMI was not significantly different among control and experimental groups.  Goldner et 

al. found that mean weight loss was not different among study groups taking vitamin D at 

high doses.  
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The CONTROL group exhibited a slight reduction in serum calcium levels (9.4 ± 

0.4, 9.1± 0.4 mg/dL; P=0.01), however, it is still within normal range of (8.5-10.2 

mg/dL). Similar finding was observed in the study of Owens (2013) when a significant 

decrease was seen in serum calcium levels in the control group (9.25 ± .38 versus 

8.99±.32 mg/dL; P=.012).   Ingested food bypasses the site of calcium absorption in the 

duodenal and proximal jejunum, which may reduce calcium absorption levels. Another 

possible mechanism could be the malabsorption of vitamin D due to the surgery could 

significantly alter calcium absorption (Hamoui et al., 2003). Increased parathyroid 

activity usually described by elevated PTH levels right after operation may cause the 

calcium to mobilize from the skeleton and increased renal calcium reabsorption, to 

maintain normal serum calcium concentrations. Slater et al. (2004) confirmed that 

“malabsorption of vitamin D interferes with intestinal absorption of calcium, leading to 

secondary hyperparathyroidism”. Calcium depletion can occur in cases when calcium and 

vitamin D supplementation are not given in adequate amounts after the surgery 

(Avgerinos et al., 2007; Slater et al., 2004), but our study have showed that vitamin D 

dose of 100,000 IUs monthly is sufficient to correct vitamin D deficiency.  Unfortunately, 

in our study, neither bone mineral density nor PTH is examined. Moreover, the length of 

our study is considered short to observe a significant change in pre and post-op serum 

calcium levels. 

Our study have showed that %HbA1C did not change over the 3 month period or 

between the groups (CONTROL: 6.47, 5.8%; P= 0.43) and (TREATMENT: 5.78, 5.5%; 

P=0.51) in baseline and 3 month. Owens et al. found a significant decrease of % HbA1c 
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at 1 year (P=0.02, 0.03) in control and treatment groups respectively. The reason behind 

this difference in regard to % HbA1c may be the length of the study. The effect of 

bariatric surgery in improving type 2 diabetes has been observed and reported in few 

studies (Mingrone and Gissey, 2009). Many mechanisms have been identified to explain 

the process. Mingrone and Gissey (2009) reported that the first effect of bariatric surgery 

on glucose control was observed 6 months post –op. A close correlation between weight 

loss and reduction of glucose levels was reported which suggests the fact that improving 

circulating glucose level is mainly related to weight reduction after bariatric surgery. 

Energy restriction is known to have a positive effect on insulin sensitivity which was 

demonstrated clearly by Mingrone and Gissey (2009) who reported that 1000 kcal 

reduction per day for 4 days led to a large effect of insulin on the suppression of hepatic 

glucose output which in turn improve hepatic insulin sensitivity. Patriti et al. (2004) 

revealed that it is still not clear whether glucose metabolism improves after the surgery 

due to weight loss or other mechanisms such as the bypassing of the duodenum. In type 2 

diabetes, the secretion of hormones called glucagon-like peptide 1 (GLP-1) and glucose- 

dependent insulinotropic polypeptide (GIP) that are secreted in response to meals by the 

gut is impaired due to down-regulation of its pancreatic receptor. However, after RYGB 

and DS, the early arrival of nutrients in the terminal ilium stimulates the secretion of 

those hormones (Patriti et al., 2004).  

Limitations  

A major limitation of this study was the small number of subjects that were 

compliant with all aspects of the study protocol resulting in a low total subject number 
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especially in the group taking the vitamin D supplement. Due to the small number of 

subjects, effects of surgery type on the vitamin D supplement status could not be 

evaluated. Assessment of bone mineral density and markers of bone loss such as PTH 

were not tested in our study as Dr Syns’ clinic protocol does not include these 

parameters. Another limitation of the study is that it was of a fairly short duration and 

only one dose of vitamin D was used in all of the treatment subjects.  

Conclusion 

In conclusion, our study results are consistent with other studies which concluded 

that vitamin D3 can effectively raise serum 25(OH)D concentrations in most individuals. 

The results of this study focus on the beneficial effect of vitamin D supplementation in 

bariatric surgery patients especially those having the RYGB and DS procedures. The 

findings of this study confirmed that our hypothesis was correct about the safety and 

effectiveness in a once high monthly dose of 100,000 IUs cholecalciferol for improving 

vitamin D status in most patients having bariatric surgery. Some subjects still had 

suboptimal serum vitamin D levels, however, so the dose of vitamin D is not appropriate 

for all subjects and some individuals will need a higher dose to achieve normal status.  

Based on this, it is strongly recommended that all bariatric surgery patients be monitored 

throughout their lives to promote overall health and find a dose of nutrients to support 

normal status. 

Finally, additional prospective longer studies are needed to find the optimal dose 

of vitamin D to give to minimize vitamin D inadequacy in the bariatric surgery 

population to avoid possible long-term skeletal complications. More studies need to be 
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done in this area to examine better supplements regimens that achieve best compliance 

from the side of bariatric surgery patients who are taking many pills a day to correct their 

vitamin D deficiency. 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 status. 
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Appendix 1 

Questionnaire 

 

Subject number ________     Date________ 

Type of surgery: Gastric Bypass_______           Duodenal switch______ 

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______ 

-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?____________ 
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-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? 

     

     

     

 

DIETARY RECALL 

Please tell the dietitian everything that you ate or drank yesterday 

 

 

 

 

 

 

 

 



Texas Tech University, Hadil Subih, December 2013 

 

98 

 

Appendix 2 

CONSENT FORM 

Impact of monthly high dose oral cholecalciferol on serum 25 hydroxy vitamin D 

levels in bariatric surgery subjects 

Please consider being part of our research project.  

What is this study about? 

You are being asked to participate in this study because you are a gastric bypass surgery 

patient of Dr. David Syn. The purpose of this study is to find out if a supplement with 

higher than usual doses of vitamin D taken once a month will have a positive effect on 

blood vitamin D and calcium levels.  

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 which is important for the strength of your bones.   

What would I do if I participate? 

Everybody who participates in the study will do these things: 

 Answer some questions at the beginning of the study. The questions will be about 

medication, supplements, and sun exposure.  

 Give permission to get lab test values and medical history from medical records. 

Our interest is in any problems that involve your bones.  

 Take a standard vitamin supplement.  

 Have blood drawn before surgery and at 3, 6, and 12 months after surgery at Dr. 

Syn’s office. No extra blood will be drawn because of participating in this study. 
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Some people in the study will have an extra vitamin D supplement. If you are in this 

group, the treatment group, you will: 

 Come to Dr. Syn’s clinic once a month for about 15 minutes for a year and take 

two vitamin D tablets with a snack containing some fat.  

 Answer some questions during your monthly visits to the clinic 

 Talk with a dietician every month during your visits to Dr. Syn’s clinic. 

Are there any risks to me if I participate? 

We do not think being in the study will hurt you. Some people will have extra vitamin D. 

Vitamin D can be a problem at very high doses but the doses used here present no health 

problems. If your blood calcium or vitamin D levels become higher than normal, you will 

not be given any more vitamin D and will stop being in the study. If someone has too 

high a level of vitamin D, they might experience nausea, itching, and excess urination. 

You will be asked about these symptoms each time you come to the clinic for your 

monthly visit. If you have any of these symptoms, please call Dr. Syn’s office and ask to 

speak to Dr. Syn or Ms. Owens-Malett.  

Being in the study will not cost you anything and will not cost your insurance company 

anything. 

 

How will I benefit from participating?  

You may feel good about participating in research that may help other people later. If you 

are in the treatment group, you will receive vitamin D supplements at no cost to you and 

your vitamin D levels in your blood may improve. 
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How are you protecting my privacy? 

Only 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. Your name will be taken off 

of material and a code number will be put in place of your name to protect your privacy.                    

Can I stop any time if I become uncomfortable? 

Yes, absolutely! Just tell Dr. Syn that you do not wish to participate in the study any 

more.  So, you may be withdrawn from the study if you have any abnormal blood 

tests or side effects of the vitamin D treatment or if you just decide you don’t want 

to continue. 

I have some questions about this study. Who can I ask? 

 The study is being run by Dr. Mallory Boylan. If you have questions, you can call her 

at 806.742.3068. 

 TTU also has a Board that protects the rights of people who participate in research. 

You can ask them questions at 806.742.2064. You can also mail them at the 

Institutional Review Board for the Protection of Human Subjects, Office of the Vice 

President for Research, Texas Tech University, Lubbock, Texas 79409.  

 

________________________________________ 

Name of subject 

 

_________________________________________           _______________ 

Signature of subject                     Date 
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This consent form is not valid after 6/28/2013 

 

 

 

  _________________________________________           _______________ 

Signature of investigator                     Date 
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Appendix3 

Lab Order 

 

The Advanced Bariatric Surgery Center 

3805 22nd Place 

Lubbock, TX 79410 

Phone: (806) 687-5670 

 

Order Date: 10-01-12       Order Time: 12:13p 

 

Physician's Name: David Syn, M.D. Physician's Provider#: H80423 

 

PREOPERATIVE TESTING FOR SURGERY   SURGERY DATE:  

LABORATORY: 

 

• CBC with Diff (85025) 

• COMPREHENSIVEMETABOLIC PANEL (80053) 

• fasting lipid profile 

• Hgb AlC (83036) _ 

• PT with INR (85670) 

 PTT (85610) 

• UA (81005) 
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• THIAMINE LEVEL (84425) 

• VITAMIN 8-12 (82607) 

• FOLATE (82746) 

• VITAMIN D LEVEL (82652) 

• free T4 (84439) 

• Iron 

• Nicotine Level SNICO (83887) 

• BLOOD TYPE & SCREEN 

• TSH (84443) 

 

EKGfor: 

 

RADIOLOGY: 

CHEST - 2 VIEW 

Right Upper Quadrant Ultrasound 

Other: 

 

Please fax results to David Syn, M.D. 806-687-5673. 

 

 

Electronically Signed By: David Syn, M.D. Date: 10-01-12 Time: 12: 13p 


