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ABSTRACT  

   

Oral contraceptives are one of the most frequently used forms of birth control 

among young women. However, research has shown that this type of medication can 

contribute to negative changes in mood and diminished vitamin status. In particular, 

women taking oral contraceptives are at an increased risk of vitamin B6 deficiency due to 

changes in enzyme activity with estrogen intake. Depressed mood is one of the known 

symptoms of vitamin B6 deficiency as this vitamin acts as an essential cofactor in 

converting tryptophan to the neurotransmitter, serotonin. Lack of adequate levels of 

vitamin B6 therefore contribute to decreased production of serotonin and subsequent 

changes in mood, including symptoms of depression. With vitamin B6 being the most 

common nutrient deficiency, and the ever increasing prevalence of depression in the 

United States, especially among young adults, it is crucial that researchers investigate 

ways to mitigate both of these undesirable side effects. Current research on the topic fails 

to directly connect supplementation of vitamin B6 to positive changes in mood in oral 

contraceptive users. 

This 12-week long double-blinded, placebo-controlled crossover trial examined 

the effects of daily supplementation of vitamin B6 as 100 mg of pyridoxine 

hydrochloride, on mood states in 8 healthy college women (18-25 y) that use combined 

oral contraceptives. Vitamin status was assessed via plasma pyridoxal 5’-phosphate 

(PLP). Plasma PLP levels significantly increased by >193% (p=0.003) with daily 

supplementation of 100 mg B6 over a four week period. Mood changes with 

supplementation were assessed using the Profile of Mood States (POMS). Although a 

small improvement in the POMS depression sub score was observed after 4 weeks of 
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vitamin B6 supplementation (14.7%), the changes were insignificant (p>0.05). 

Furthermore, total mood disturbance scores did not significantly change with either the 

placebo or supplement periods. While mood states were not improved, a significant 

decrease in the presence of depressive symptoms as measured by the Beck Depression 

Inventory was observed after vitamin B6 supplementation, compared to placebo 

(p=0.047). The results of this study necessitate further investigation into the use of B6 

supplementation as a means of reducing negative mood changes in oral contraceptive 

users.  
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CHAPTER 1 

INTRODUCTION 

Vitamin B6 deficiency is the most common nutrient deficiency in the United 

States, with approximately 15-27% of adults having suboptimal levels 1. Furthermore, 

some subpopulations are at a particularly high risk of this nutrient deficiency due to 

interacts with medications or lifestyle choices such as smoking 2,3. Multiple studies have 

shown that women who use oral contraceptives are at a notably higher risk of lowered 

vitamin B6 status 4,5,6. According to NHANES data, as many as 40% of women in this 

population have low plasma pyridoxal phosphate levels, the primary indicator of vitamin 

B6 status 1. This presents issues for this population as vitamin B6 is an essential 

coenzyme for hundreds of biochemical reactions 7.  

One of the primary functions of vitamin B6 includes acting as a cofactor in the  

synthesis of neurotransmitters 7. Pyridoxal phosphate (PLP), the most active form of 

vitamin B6, is particularly important for the conversion of tryptophan to serotonin 8. 

Serotonin, along with other neurotransmitters, are important chemicals in the brain that 

help regulate mood. When vitamin B6 levels are low, the synthesis of serotonin cannot 

occur, as plasma PLP is not available to assist the enzyme, L-amino acid decarboxylase, 

which is needed for serotonin synthesis from tryptophan 8. This lack of plasma PLP 

contributes to less serotonin in the brain, which leads to symptoms of depression and 

depressed mood 7,8. Depressive symptoms are a well-known sign of vitamin B6 

deficiency and should be appropriately monitored when assessing factors that impact the 

risk of vitamin deficiency. 
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Although literature has confirmed the link between vitamin B6 deficiency with 

symptoms of depression, as well as the risk of decreased vitamin status from oral 

contraceptive use, the current literature fails to identify a direct connection between 

decreased plasma B6 levels and diminished mood states related specifically to the use of 

oral contraceptives in this potentially vulnerable population. Investigating this direct link 

could help determine possible steps that could be taken to minimize the risk of depressed 

mood states. Moreover, examining the effect of vitamin B6 supplementation on mood 

states in women that use oral contraceptives could help establish a possible treatment for 

this undesirable side effect of oral contraceptive use.  

Purpose of Study 

The purpose of this crossover study was to determine how vitamin B6 

supplementation impacts mood states in college age (18-25 years) women that use oral 

contraceptives, in comparison to a placebo treatment. Participants also were expected to 

have marginal B6 status based on the results of a food frequency questionnaire. The 

intervention group received 100 mg of B6 daily for four weeks while the control group 

received a control pill (vinegar pill) to blind participants to which group they were in. 

After four weeks of intervention, and a four week washout period, participants were 

assigned to the opposite treatment for four weeks following a crossover study design to 

control for variations between participants. 

Research Aim and Hypothesis 

This crossover study aimed to examine the effects of daily vitamin B6 

supplementation (100 mg) over a 4-week period on mood states in college age (18-25 y) 

women that have used oral contraceptives consistently for at least a year. The women in 
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this study also were expected have a low B6 status based on a food frequency 

questionnaire.  

H1: Daily supplementation of vitamin B6 (100 mg) over a 4-week period will 

improve mood states in college age women (18-25 y) with marginal vitamin B6 status 

that use oral contraceptives, compared to the placebo treatment.  

Definition of Terms 

• Mood state: an emotional state of an individual at a particular point in time, as 

measured by the Profile of Moods States (POMS) and Beck assessment. POMS 

measures mood through six domains including vigor-activity, anger-hostility, 

tension-anxiety, fatigue-inertia, depression-dejection, and confusion-

bewilderment. A Likert scale is used to determine how well a particular feeling 

aligns with an individual. 

• Marginal B6 status: Plasma PLP below 30 nmol/L. 

• Oral contraceptive: Daily pills taken by mouth that use a 28-day cycle and are 

intended to prevent pregnancy. For this particular study, participants only took a 

form that contained both estrogen and progestin. 

• Oral contraceptive user: a women that has consistently used oral contraceptives 

for at least one year prior to the start of the study.  

• Vitamer: different forms of a vitamin with a similar chemical structure and 

vitamin activity. 

• Pyridoxal phosphate: A vitamer of vitamin B6, the active coenzyme form of B6. 

• Coenzyme: a component needed to help an enzyme function. 
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Delimitations and Limitations 

Delimitations: 

• Female oral contraceptive users between the ages of 18-25 years old were 

recruited for this study.  

• Participants, on average, consumed less than or equal to 2.6 mg B6 daily, or 200% 

of the RDA (1.3 mg).  

• Participants were non-smokers that were not on medications that could alter mood 

states, such as antidepressants. Participants were also all students from Arizona 

State University. 

Limitations:  

• Participants were instructed to continue their normal eating patterns; however, it 

is difficult to determine adherence to this instruction. 

• Participant adherence to treatment, either vitamin supplement or placebo vinegar 

pill, over the 4-week trial is not guaranteed. Subjects were instructed to keep track 

of days that they followed the treatment and compliance was recorded in results.  

• Since all participants were ASU students, this study may not be as generalizable 

to other populations. 

• Multiple factors including significant life events and illness can contribute to 

changes in mood state. These issues were addressed though a questionnaire taken 

after the administration of the mood assessment and controlled for during 

analysis.  
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CHAPTER 2 

REVIEW OF LITERATURE 

Structure of Vitamin B6 

Vitamin B6 was first discovered in 1934 as a factor that helped prevent a skin 

condition known as acrodynia in rats 9. By the end of the 1930s, the vitamin had been 

successfully isolated and named “pyridoxine” 10. Since then, the structure and functions 

of vitamin B6 have been studied extensively due to its involvement in a plethora of 

reactions within the human body. Vitamin B6 can be found in nature as six different 

vitamers: pyridoxine (PN), pyridoxal (PL), pyridoxamine (PM), pyridoxine phosphate 

(PNP), pyridoxal phosphate (PLP), and pyridoxamine phosphate (PMP) ( Figure 1) 11. All 

forms of vitamin B6 are characterized by the presence of a pyridine ring (nitrogen 

containing), along with a methyl group in the 1’ position and hydroxyl group in the 2’ 

position 11. The most stable of the vitamers is pyridoxine, which contains an additional 

alcohol group as part of its structure (Figure 1). The unphosphorylated vitamers also 

contain a hydroxyl group at the 5’ position, while the phosphorylate vitamers have a 

phosphate group at the 5’ position 11. While all of these forms can be active, pyridoxal 

phosphate, the phosphorylated form of PL, is the main form needed for B6 to act as a 

coenzyme in a myriad of reactions. This active form, PLP, is primarily produced in the 

liver, as the enzymes that are needed for conversion are found in this organ 12,13.  
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Figure 1. Chemical structures of the B6 vitamers 11, 14 

                  

        Pyridoxine (PN)                           Pyridoxal (PL)                    Pyridoxamine (PM) 

 

        

Pyridoxine 5’-phosphate         Pyridoxal 5’-phosphate        Pyridoxamine 5’-phosphate  

            (PNP)                                        (PLP)                                        (PMP) 

 

Absorption 

In order for absorption of B6 vitamers from foods to occur, the vitamin must be in 

one of the dephosphorylated forms. If B6 is ingested in the form of PLP, PMP or PNP, 

hydrolysis of the phosphate group occurs at the brush border of the intestines to allow for 

absorption to occur 15. This process is generally done with help from the zinc-dependent 

enzyme, alkaline phosphatase, which removes the phosphate group to permit absorption 

16, 17. Free PN, PL and PM from dietary sources are absorbed via passive diffusion in the 

jejunum of the small intestine 17. Absorption can be impeded with certain forms of B6 

due to interference from the food matrix and conjugation of vitamers. In the case of many 

plant foods, B6 is available as PN 18. However, this source of B6 can be difficult to 

absorb as PN is often conjugated to glucose molecules, forming a pyridoxine glucoside 

18. Glucosides are generally too large to be passively absorbed. The presence of these 

glucosidic bonds has been found to reduce bioavailability up to 75-80% 19. In a study by 
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Gregory et al. examining the bioavailability of PN and PN-glucosides using isotopic 

labeling, the PN-glucosides were found to have only 58% bioavailability compared to the 

PN alone 20. With the reduced bioavailability of PN-glucosides, in order for PN to be 

absorbed appropriately, the glucosidic bond needs to be broken via the enzyme, 

glucosidase to release free PN 18. The Gregory et al. study indicates that this enzyme can 

be found in the intestinal mucosa and potentially microflora to help release PN from the 

glucoside for better absorption 20. Once absorbed, PN, PL and PM can be released into 

portal blood for utilization and conversion to other vitamer forms 15,18.  

Metabolism 

Once B6 vitamers have been absorbed and released into portal blood, they travel 

to the liver to be metabolized. Vitamers are taken up by the liver via passive diffusion, as 

they are already in one of the dephosphorylated forms from being absorbed into the portal 

blood from the intestines 18. Once in the liver, vitamers can be interconverted by action of 

kinases and oxidases 21. These interconversions allow for the formation of more PLP. 

This action is necessary as PLP is the primary active coenzyme form of B6 and more PLP 

is needed for metabolic processes than is available from dietary sources alone. Kinases 

utilize adenosine triphosphate (ATP) to help add a phosphate group to the 

unphosphorylated vitamers 21. Once in the phosphorylated form, PNP and PMP can be 

converted to PLP by riboflavin (FMN)-dependent enzymes 13. This type of oxidase is 

primarily found in the liver and intestines 13. If needed, the phosphorylated vitamers can 

be converted back to PN, PM or PL with help from phosphatases that remove a phosphate 

group from the structure 21. PLP and PL are the main vitamers that are released from 

hepatic tissue into the bloodstream.  
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Many factors, including smoking and liver disease may interfere with adequate 

metabolism of the vitamin. In a study conducted by Vermaak et al. B6 status was 

assessed in 268 healthy males that were either smokers, ex-smokers, or non-smokers 3. 

This study found that participants that were current smokers had significantly lower 

plasma PLP concentrations compared to both the non-smokers and ex-smokers 3. A 

proposed explanation of these findings is that smoking may contribute to oxidative stress 

which interferes with enzyme activity and in turn could limit B6 conversion to PLP 3,22,23.  

PLP concentrations have also been found to be lowered in individuals with liver 

disease. A study published in the American Journal of Clinical Nutrition that examined 

vitamin B6 metabolism in cirrhosis patients confirmed that these individuals had 

significantly lower levels of plasma PLP 13. This study explained that liver enzyme 

activity is decreased with cirrhosis due to liver damage. The observed decrease in 

enzymatic activity prevents proper conversion of B6 vitamers to PLP, thus lowering 

plasma levels 13.  

Older individuals have also been found to have diminished vitamin B6 status as 

assessed by plasma PLP. In a study by Fonda and Eggers, the mechanism for these lower 

observed levels was examined in mice 24. They found that the older mice were less able 

to appropriately convert B6 vitamers to PLP to be utilized by the body, compared to the 

young mice24. This study also found that more of the B6 vitamers in the livers of the 

older mice were being converted to pyridoxic acid, and as a result were being excreted 

from the body 24. This mechanism explains the decreased vitamin B6 status in older 

adults.  
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Transport 

B6 vitamers are transported between organs and tissues primarily as one of the 

unphosphorylated forms. When in these forms, vitamers can be passively diffused. 

Additionally, vitamers are often found bound to binding proteins via Schiff bases 25. In 

tissues, the unphosphorylated vitamers are taken up from circulation into the cell. Once in 

the cell the vitamers are phosphorylated by a kinase (most often PL to PLP). When 

phosphorylated vitamers are bound to proteins, they cannot be transported in and out of 

cells 25. Protein binding also helps prevent dephosphorylation, which allows PLP to be 

kept in tissues to be used as a coenzyme 26. Furthermore, when PLP is bound, it cannot be 

hydrolyzed and excreted. In plasma, PLP binds to proteins including albumin and 

hemoglobin 26,27. In the case of red blood cells, PL that has been taken up is converted to 

PLP then bound to hemoglobin 27.  

 The action of other vitamins is important in the process of interconverting and 

transporting B6 vitamers. Zinc is a required component of the zinc-ATP complex which 

is needed by pyridoxal kinase to add a phosphate group to the unphosphorylated vitamers 

28. This process helps create PNP, PLP and PMP 28.  Riboflavin is necessary for the 

FMN-dependent oxidases found in the liver that allow for interconversions between PNP 

and PMP to PLP 13. Magnesium is also a cofactor in these enzymatic reaction and is 

involved with zinc-ATP complex 21,29. 

Storage 

Vitamin B6 is stored in variable amounts within the body. Studies suggest that 

body stores of vitamin B6 range from approximately 60 mg to 170 mg 30,31. B6 is 

primarily stored within muscles tissues, with approximately 75-80% of storage in these 
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tissues 30. In muscle tissue, B6 is primarily stored as PLP and is bound to glycogen 

phosphorylase 30. The phosphorylation of PL after it has entered the muscle tissue 

prevents PLP from leaving cells via diffusion. Protein binding, as described previously, 

ensures that hydrolysis of PLP does not occur. B6 is also stored in smaller amounts, 

approximately 5-10%, in the liver 32 . Small amounts of vitamin B6 may also be stored in 

organs such as the brain, kidneys and spleen 32.  

Excretion 

As a water soluble vitamin, B6 can be excreted from the body in multiple forms, 

primarily through urine. People receiving adequate amounts of the vitamin via diet, will 

excrete the vitamin mainly as 4-pyridoxic acid 33. 4-Pyridoxic acid is the principal urinary 

metabolite and makes up approximately half of the B6 that has been excreted through 

urine 33. This metabolite is formed when PL is oxidized. In the liver and kidneys, this 

oxidation can be done by FAD-dependent aldehyde oxidases or NAD-dependent 

aldehyde dehydrogenase, which can be found in all tissues 33,34. When B6 intake is high, 

for example in individuals that take vitamin B6 supplements, it may be excreted in urine 

as unchanged PN or as 5-pyridoxic acid 35. Excessive dietary or supplement intakes 

promotes excretion in these forms as there are not enough binding proteins to help retain 

the vitamin in the body 34. 

Primary Functions  

B6 is a crucial component in a variety of chemical processes within the body. 

Specifically, B6 has been identified as an essential cofactor for over 100 reactions 16. 

Some of these reactions include decarboxylation, elimination and deamination, 

dehydration, transulfhydration, transelenation, cleavage, racemization, and glycogen 
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degradation 36. B6 is also a necessary component for amino acid metabolism. B6 vitamers 

create a Schiff base that labilizes bonds on the amino acid which destabilizing the bonds 

37. This action effectively marks the bond, making it easier for enzymes to act on and 

degrade the amino acids as they are already in an unstable form. Other functions of 

vitamin B6 include assisting enzymes involved in glucose and lipid metabolism, gene 

expression, and heme synthesis 7,38.  

This vitamin also interacts with a myriad of other vitamins and nutrients within 

the body to carry out biochemical reactions. One of the critical functions of B6 is as a 

cofactor is the synthesis of multiple neurotransmitters, including dopamine, serotonin and 

epinephrine 7. Without this vitamin present in adequate amounts, the neurotransmitters 

cannot be synthesized appropriately, which may contribute to changes in psychological 

function and mood 7.  

Tryptophan to Serotonin 

 In the synthesis of serotonin (5-hydroxytryptamine) from tryptophan, vitamin B6 

acts as an essential cofactor for the enzyme, aromatic L-amino acid decarboxylase 8.  A 

brief illustration of this mechanism can be seen in Figure 2. Serotonin is a 

neurotransmitter that is important for regulation of mood and is popularly known as the 

happy chemical 39-41.  When plasma PLP levels are lowered, tryptophan may not be 

appropriately converted to serotonin, contributing to diminished serotonin levels and 

therefore worsened mood or depressive symptoms. Individuals that are at risk for lower 

levels of B6, such as with oral contraceptive users, smokers, and those with liver disease, 

may be at an increased risk of altered mood related to this mechanism being interrupted 

3,12,13.  
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Figure 2.  Tryptophan conversion to serotonin with PLP as a cofactor for the enzyme 

aromatic amino acid decarboxylase.  

 
 

Recommended Intake  

The recommended intake for vitamin B6 varies by both age group and gender. For 

infants 0-12 months old, an adequate intake (AI) is used rather than a recommended 

dietary allowance (RDA). The AI is based on the amount of B6 that can be found in 

human breast milk. According to a study conducted by West and Kirksey, the average B6 

content in breastmilk varied according to the intake of the mother 42. In women that 

consumed <2.5 mg of B6 daily, milk contained approximately 0.13 mg/L, while those 

that consumed 2.5-5 mg had an average of 0.24 mg 42. Other studies have found 

consistent data suggesting that the mean B6 content is between 0.15-0.21 mg/L in 

breastfeeding women that consume 2.5 mg daily 43. Based on these studies and the mean 

breastmilk intake of infants, the AI for infants 0-6 months was set at 0.1 mg/day and 0.3 

mg/day for infants 7-12 months old 16.  

As individuals get older, the RDA for vitamin B6 increases. Table 1 shows a full 

list of RDAs based on age and gender. The RDA for vitamin B6 is 120% of the estimated 

average requirement (EAR) 16. The EAR for each age group/ and gender was established 

based on studies focused on B6 requirements. In a study using depletion-repletion diets to 

assess B6 requirements, Huang et al. found that women between the age of 28-34 years 

that had been provided with a depletion diet of only 0.45 mg B6 from food sources, had 
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plasma PLP levels of just above 20 nmol/L 44. Furthermore, during the repletion phase, 

women that consumed 1.26 mg B6 daily had an adequate plasma PLP of 38 nmol/L 44. 

This suggests that the EAR for women is somewhere between 0.45 mg and 1.26 mg 44. 

Another study looking at how protein impacts B6 status found that women between the 

ages of 19-38 years old that consumed 1.25 mg B6, along with various levels of protein, 

had normal plasma PLP concentrations (above 30 nmol/L) 45. However, women that 

consumed the highest amount of protein (2 g/kg body weight) did have slightly lower 

plasma PLP levels but did not drop below 20 nmol/L45. The results of this study confirms 

that the EAR would be less than 1.25 mg for women.  

Multiple studies have also examined the requirements for males in the 19-50 age 

group, however these studies primarily have assessed B6 status using a tryptophan load 

test. One of these studies conducted by Yess et al. found that after receiving 100 g of 

protein and 0.16 mg PN daily for nearly 2 months, men were able to normalize 

tryptophan catabolites after supplementing with 0.9 mg of PN 46. This indicates that the 

EAR would be around 1.0 mg of B6 from food 46. Based on the information from these 

studies, the RDA for both men and women between the ages of 19 to 50 years old was set 

at 1.3 mg/day 16.  

Studies have also shown that older adults require higher intakes of B6 as their 

ability to adequately absorb B6 diminishes. In a cross-sectional study, Kjeldby et al. 

examined dietary habits as well as PLP levels in 61 nursing home residents with a mean 

age of 85.3 year old 47. This study found the median level of plasma PLP to be 20.7 

nmol/L 47. With this, 30 of the 61 participants were classified as having vitamin B6 

deficiency. Furthermore, of those that participated in the study, 14 of them used vitamin 
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B6 supplements and all of these individuals had sufficient plasma PLP levels 47. Another 

study published in the American Journal of Clinical Nutrition investigated riboflavin and 

plasma PLP levels in participants between the ages of 65-91 years old. Of 41 participants 

in this study, 12 (29%) had suboptimal plasma PLP levels at baseline 48. These results 

confirm that B6 deficiency is especially prominent in elderly individuals 48. Due to the 

lower observed levels as well as decreased ability to absorb B6, the RDA for individuals 

over the age of 51 years old is 1.5 mg/day for females and 1.7 mg/day for males (Table 1) 

16.  

Vitamin B6 needs are also increased in women that are pregnant and lactating. In 

women that are pregnant, plasma PLP levels have been shown to decrease significantly as 

blood volume increases and PLP concentrations increase in cord blood to provide the 

fetus with nutrients 49. During lactation, needs are increased as B6 intake by the mother 

impacts the concentration in breastmilk 42.  For these reasons, the RDA during pregnancy 

and lactation are 1.9 and 2.0 mg/day, respectively 16.  
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Table 1. Recommended Dietary Reference intakes for Vitamin B6 according to age 

and gender.  

Age (years)                         RDA for males (mg) RDA for females (mg) 

0-6 months (AI)                               

6-12 months (AI)                           

1-3                                                 

4-8                                          

9-13                                           

14-18                                            

19-50                                          

51+                                            

Pregnancy (14-50)                 

Lactation (14-50)              

0.1 

0.3 

0.5 

0.6 

1.0 

1.3 

1.3 

1.7 

n/a 

n/a 

0.1 

0.3 

0.5 

0.6 

1.0 

1.2 

1.3 

1.5 

1.9 

2.0 

Adapted from the Institute of Medicine DRI tables 16.  

 

Dietary Sources 

All forms of vitamin B6 can be found in a variety foods. PM, PL, PMP and PLP 

are mostly found in animal products, while PN and PNP are primarily in plant foods 16. 

Foods containing relatively high amounts of B6 include beef liver (0.9 mg/3oz), bananas 

(0.4 mg/banana), tuna (0.9 mg/3oz), chickpeas (1.1 mg/cup), potatoes (0.4 mg/cup) and 

Cheerios (0.5 mg/cup) 50. Table 1 includes a more comprehensive list of food items and 

the amount of B6 in each item.  

While some plants may contain significant amounts of B6, PN can become 

conjugated when a glucosidic bond forms and creates a glucoside 51. This process in 

which PN presents as a glucoside, inhibits appropriate absorption of the vitamin as the 

form has been altered. PN glucosides are only about half as bioavailable compared to the 

non-glucoside form 51. B6 vitamers that are found in meats and grains can also have 

lower than expected levels of B6, as the vitamin can be lost during processing, such as 
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milling for grains, and cooking and freezing for meats 52. Therefore, the bioavailability of 

vitamin B6 varies from approximately 60-90% depending on the specific vitamer and the 

factors discussed above 52. Yet another factor that can limit vitamin B6 availability and 

content is processing of foods prior to consumption. As discussed in an article by JM 

Dietz and JW Erdman, some cooking methods can destroy vitamin B6 and cause lower 

levels in food 53. Cooking using hot water, such as with blanching, may destroy up to 

21% of B6 in foods 53,54. Other factors that may reduce vitamin B6 content include 

exposure to light and alkaline environments 53.  

Table 2. Amounts of vitamin B6 found in various foods.  

Food (serving size)       B6 content per serving (mg) 

Chickpeas (1 cup)                 

Beef liver (3 oz)                        

Tuna (3 oz)           

Chicken breast (3 oz)  

Fortified cereals, Cheerios (1 cup)      

Potatoes (1 cup)         

Turkey meat (3 oz)         

Bananas (1 medium)              

Ground beef, 85% lean (3 oz)                                              

Bulgar (1 cup)                                                               

1% low fat cottage cheese (1 cup)                 

Squash (½ cup)                                  

Onion (½ cup)                                                        

Spinach (½ cup)                             

Nuts, mixed (1 oz)                                                  

Cooked rice, white (1 cup)  

1.1 

0.9 

0.9 

0.5 

0.5 

0.4 

0.4 

0.4 

0.3 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

Adapted from USDA factsheet 50 
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Assessment 

B6 status is directly assessed by measuring plasma pyridoxal phosphate (PLP) 

levels 55. Plasma PLP most accurately reflects B6 status in the body as it accounts for B6 

stores in tissues, while other potential measures, such as total B6 concentration in blood 

or urinary B6 concentrations, do not 56. A plasma PLP >30 nmol/L is considered 

adequate in both men and women. Plasma levels of PLP can be accurately measured 

through an apo tyrosine decarboxylase assay 16.  Excessive protein intake has been 

suggested to interfere with B6 status when plasma PLP is measured 57,58. Multiple studies 

have shown that increased dietary protein intakes contribute to decreased levels of 

vitamin B6 in the body 58. This is likely due to an increased need for PLP to help break 

down amino acids 37,57. Furthermore, this issue has been shown to be especially 

prominent in females 45,57.  

One study by Hansen et al. investigated vitamin B6 status in women based on 

three different levels of protein intake. For this study, 9 women were given diets 

containing either 0.5, 1.0 or 2.0 g protein/kg body weight along with a consistent 1.25 mg 

B6/day for two weeks 45. Analysis of blood and urine measures of B6 confirmed that 

higher protein intakes were correlated with increased excretion of B6 metabolites and 

lower plasma PLP levels 45. For this study, the vitamin B6 to protein ratio for maintaining 

a sufficient B6 status was determined to be 0.02 mg B6/g protein 45. A later study 

conducted by the same group studied the effect of varying levels of vitamin B6 intake 

with a constant 85 g/day protein intake in a total of 16 women59. For this study, a vitamin 

to protein ratio of >0.016 mg B6/ g protein was needed to maintain an optimal B6 status 
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in women 59. Based on these findings, those that have high dietary intakes of protein may 

need to increase vitamin B6 consumption to support amino acid metabolism. 

B6 levels can also be assessed functionally by conducting a tryptophan load test, 

in which xanthurenic acid excretion in urine is measured. High levels of xanthurenic acid 

in the urine indicate a B6 deficiency as B6 is needed to remove the alanine moiety from 

3-hydroxykynurenine, which is an intermediate in niacin synthesis from tryptophan 21. 

When B6 is lacking, xanthurenic acid is produced, rather than 3-hydroxyanthranilic acid 

21,34. This product is then excreted through urine. While 4-PA is also excreted in urine, 

this measure is not appropriate for assessing vitamin B6 status because it can change 

frequently and depends primarily on recent dietary intake of B6 35. Furthermore, 

measurement of total B6 concentration in blood is an inadequate measure of B6 status as 

this measure can fluctuate greatly. Fluctuations are especially in women, as this 

measurement can be impacted by a women’s menstrual cycle 60.  

Deficiency and Toxicity 

Vitamin B6 deficiency is the most common nutrient deficiency in the United 

States. According to NHANES data collected from 2003-2004, 15-27% of adults between 

21-44 years old had deficient B6 levels, with plasma PLP levels lower than 20 nmol/L 1. 

Possible symptoms of deficiency include depression, rashes, seizures and confusion. 

Since B6 is needed to produce heme in red blood cells, the lack of this vitamin also leads 

to hypochromic microcytic anemia 16,38. 

B6 is necessary for multiple neurological processes to occur. As noted earlier, B6 

is an essential cofactor in neurotransmitter synthesis. Diminished levels of B6 in the body 

can lead to various issues with cognitive functions 7. Symptoms of deficiency related to 
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impaired synthesis of neurotransmitters include confusion, tiredness, depressed mood and 

seizures 7. 

As previously discussed, smokers, individuals with liver disease, and oral 

contraceptive users may be at an increased risk of deficiency 3,4,13. Additionally, 

alcoholics are at a higher risk as important B6 converting enzymes are located in the 

liver, and excessive alcohol intake can damage this organ 61. Alcohol consumption may 

also contribute to decreased plasma PLP levels due to competition for protein binding 

with some alcohol metabolites 61. With this, PLP is more quickly degraded and excreted 

from the body 62. Therefore, individuals that are heavy consumers should be aware of 

possible deficiency.  

According to the Institute of Medicine’s Dietary Reference Intakes, the upper 

limit (UL) for vitamin B6 is 100 mg/day for adults older than 19 years old 16. This safe 

upper limit was established through multiple studies that examined the effects of mega 

dosing the vitamin. The UL was determined though studies to be lower for individuals 

under the age of 19, compared to adults. For individuals 18 and younger, the UL ranges 

from 30-80 mg depending on age. Children 1-3 years old should not have more than 30 

mg/day 16. An upper limit for children under 12 months old has not been established as 

children in this age range should be receiving vitamin B6 through breast milk(Table 3) 16. 

In many of the studies involving mega dosing of vitamin B6, those consuming 

excessive amounts of B6 in the form of supplements began experiencing severe 

symptoms such as ataxia and neuropathy 63,64. In a case study discussed by Gdynia et al., 

a 75 year old individual had been consuming 9.6 grams of pyridoxine/day for three years 

63. At this level, the individual began experiencing symptoms of toxicity including severe 
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neuropathy, reduced or absent reflexes, and muscle weakness to the point of becoming 

wheelchair bound 63. However, with cessation of supplement consumption, the 

individual’s symptoms were alleviated over time to the point that they no longer required 

use of a wheelchair. While this level of consumption is extremely high compared to the 

current UL of 100 mg for B6, this showed how vitamin B6 can be detrimental when 

taken in such high concentrations. In another study with patients that had been receiving 

between 2-7 grams of B6 in the form of pyridoxine, similar neuropathy symptoms were 

observed 64. Likewise, Berger et al. also noticed the development of neuropathy in 

healthy individuals that had been given either 1 g or 3 g of pyridoxine 65. These 

symptoms continued for weeks after participants stopped use of the supplements 65. 

However, no studies have shown symptoms of neurological damage with daily intakes 

below 200 mg 66. Due to the negative symptoms observed with high B6 intakes, 

specifically with extreme supplement use, the UL was set at a point much lower than that 

which causes these severe symptoms to promote safe consumption levels.  

Table 3. Daily Upper Limit for Vitamin B6 according to age.  

Age (years)          Upper Limit (mg) 

0-12 months                

1-3                                          

4-8                                       

9-13                                

14-18                                 

19+                                    

Pregnancy & Lactation 

14-18                                

19+                                 

n/a 

30 

40 

60 

80 

100 

 

80 

100 

Adapted from the Institute of Medicine DRI tables 16.  
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Oral Contraceptives 

With oral contraceptive use at approximately 34-46% in college women, it is 

important to evaluate all potential risks involved with use of this type of medication 67. 

National surveys have been conducted on the different types of contraceptives that are 

used among women in the United States. Based on data from the National Survey of 

Family Growth, oral contraceptives (OC) are the most commonly used form of 

contraception in the United States 68. This includes a variety of different OC brands, 

however only two primary forms of OCs exist: a combined estrogen and progestin form, 

and a progestin only form 69. There are currently more types of combined OCs available, 

but progestin only options are also obtainable. Use of progestin only pills is also much 

less common, with only 0.4% of U.S. women that are of reproductive age using this form 

69.  

Most studies examining the effects of OCs on nutrients have primarily looked at 

the use of combined forms of the pill. Although multiple studies have been conducted on 

whether or not OC use impacts mood, these studies have shown contradictory results 

related to differences in the specific populations studied. In a longitudinal study exploring 

the effects of OCs on mood in healthy women (18-35 y) that did not have premenstrual 

syndrome, those that used OCs were found to have improved mood compared to those 

that do not use the medication 70. However, a double-blinded, randomized trial looking at 

the effects of oral contraceptives on mood found that mental health status played a role in 

mood changes related to OC use 71. Of 202 women that were given either an oral 

contraceptive or a placebo, women that had preestablished mental health disorders had 

more negative changes in mood when given a combined OC 71. These results indicate that 
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previous mental health status could be another factor that determines interactions with 

OCs. Analysis of data from the same study found that the use of OCs resulted in a 

significant increase in anxiety and irritability for participants that were given the 

combined oral contraceptives. Moreover, these symptoms were the primary reason for 

discontinuation of the medication 72. This further demonstrates that oral contraceptive use 

may negatively impact mood.  

In the study that found that OCs had a negative effect on mood, a suggested 

reason for the diminished mood state was the negative effect that OCs have on vitamin 

and nutrient status. A handful of studies have shown that using oral contraceptives that 

contain both estrogen and progestin can decrease the nutrient status of multiple vitamins. 

In one such study by Prasad et al., vitamin status was examined before and after 3 months 

use of one of two types of combine oral contraceptives 73. Results were compared to a 

control group of women that did not use any forms of hormonal contraception. Women 

that had been on either of the combined oral contraceptives were found to have 

significantly lower levels of vitamin B6, B12 and folate, as well as had more clinical 

signs of deficiencies compared to the control group 73. Yet, Wilson et al explain that with 

newer forms of oral contraceptives, dosages are much lower than when OCs first became 

available to consumers. With these lower dose forms of OCs, the incidence of low levels 

of folate and B12 in users has decreased 4. However, even with the decreased dosages, 

low levels of plasma PLP have still been observed in women taking oral contraceptives 4. 

Less research has been done on the effects of progestin only oral contraceptives as these 

are relatively newer forms of the medication.  
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The diminished nutrient status related to OC use may contribute to negative side 

effects possibly including depressed mood. Depression and confusion are known 

symptoms of both B6 and B12 deficiency 16. Furthermore, studies have confirmed that 

low levels of vitamin B6 contributes to symptoms of depression as B6 is needed to help 

synthesize neurotransmitters 74. This nutrient is specifically needed for the conversion of 

tryptophan to serotonin, a neurotransmitter that assists in mood regulation74.  Based on the 

potential risk for depressive mood states related to OC use, and the lack of definitive 

information on the topic, further research is needed to address the prevalence of these 

depressed mood states in women that use oral medications as a means of  contraception.   

The exact mechanism for how OCs interfere with plasma PLP levels has yet to be 

examined and described in detail 4. One theory for the observed decreased levels is that 

the estrogen component found in many oral contraceptive pills contributes to an increase 

in synthesis and activity of enzymes, such as those involved in tryptophan metabolism 75-

77. Vitamin B6 in the form of PLP is an essential cofactor for enzymes involved in this 

mechanism. Therefore, when activity of enzymes is increased, plasma PLP levels are 

diminished, contributing to a vitamin B6 deficiency 75,77. This mechanism needs further 

examination but has been proposed by multiple investigators examining the observed 

lowered level of plasma PLP in OC users 75,78. 

Mood States and Depression 

A mood state is how a person feels at a specified point in time. While mood states 

can include feeling down or sad, this differs from a clinical diagnosis of depression in 

that depression is an ongoing state of depressed mood 79. Furthermore, mood states 
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encompass all a person is feeling at a particular point in time, rather than focusing on 

negative aspects of mood.  

 Depression is a growing issue in the United States. According to CDC data 

collected from 2013-2016, 8.1% of people in the U.S. have symptoms of depression 79. 

This data also suggests that the prevalence of depression in women aged 20-39 is nearly 

double of that in men, with 10.1% of women showing signs of depression and 5.5% of 

men 79. This significant difference in symptoms of depression in women emphasizes a 

need to identify causes and treatments of depression for this population. Furthermore, due 

to the widespread impact that depression has on society, the issue needs to be examined 

in depth to help minimize the risks for all people. Depression can be different for 

everyone and reviewing potential factors that could contribute to an increased risk of this 

disorder is necessary.  

A variety of factors can contribute to the development of depression, but the 

symptoms of clinical depression are most often directly caused by chemical imbalances 

within the brain 80. In a 2002 article published in the Journal of Clinical 

Psychopharmacology, Blardi et al. examined the effects of a selective serotonin reuptake 

inhibitor on platelet and plasma serotonin levels 81. All participants in this study had 

previously been diagnosed with depression. The depressed subjects in this study 

presented with lower than normal levels of both plasma serotonin and platelet serotonin 

at baseline 81. This finding confirmed that serotonin measures are decreased in depressed 

individuals. Muck-Seler et al. also examined serotonin levels by focusing specifically on 

platelet levels of serotonin in 166 depressed individuals compared to 175 healthy control 

subjects 82. The lowest levels of platelet serotonin were observed in depressed women, 
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while healthy men had the highest levels. Furthermore, this study found that the lowest 

platelet serotonin concentrations were associated with higher incidences of suicide 

attempts and suicidal behavior 82. Multiple studies have confirmed these finding in 

depressed individuals, supporting a relationship between depressed mood and low 

serotonin levels 83,84.  While these observed decreased levels of neurotransmitters 

contribute to observable symptoms of depression, many factors can impact these 

chemical imbalances. 

In a study assessing mental health among undergraduate students from 108 

colleges across the U.S., high levels of stress were found to be strongly associated with 

depression and likelihood of attempting suicide 85. Other factors such as sexuality, gender 

and race were also found to impact like likelihood of an individual having mental health 

challenges 85. Although clinical depression is clearly an issue in a variety of 

subpopulations, the presence of depressive mood states is also cause for concern. 

Depressive mood states differ from clinical depression as mood states are temporary and 

can change, while depression is an ongoing condition characterized by overall lack of 

interest, in addition to a combination of symptoms such as weight gain or loss, insomnia, 

confusion and fatigue 86. Despite these differences in definition, the presence of 

depressive mood states is important to address as prolonged negative mood states may 

contribute to depression. In a study conducted by Nery et al. on personality traits and 

characteristics of those with Major Depressive disorder (MDD) compared to healthy 

subjects, reoccurring negative mood states were associated with personality traits of those 

with MDD 87.  
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The symptoms that accompany depression also influence mood state. The 

symptoms of depression include feeling of irritation, sadness, and emptiness 88. These 

signs can also be present with depressive mood states. Many factors can contribute to the 

symptoms related to depression and negative mood states. Some determinants of mood 

states include sleep quality, significant life events, stress, physical activity, and diet 89,90. 

A longitudinal study conducted by Brown et al. looked to examine various factors that 

contribute to the onset and progression of depression in working-class women 89. This 

study found that severe life events, and low self-esteem were associated with symptoms 

of depression 89. Another study looking at the impact of sleep on mood in men and 

women, found that females that were sleep deprived had significantly higher depression 

and anxiety scores than when they were able to sleep longer hours 90. Additionally, both 

males and female subjects had higher confusion sub scores with sleep deprivation, 

compared to baseline 90. This study confirms that inadequate sleep can negatively impact 

mood.  

Research has also been conducted on the association between exercise and mood. 

In one study examining how different levels of exercise impacted mood in women with 

Major Depressive Disorder, all types of exercise were shown to improve mood states as 

defined by the Profile of Mood States assessment 91. Furthermore, there were no 

differences found between levels of exercise, indicating that even light or moderate 

exercise can be helpful in improving mood.  

Assessing Mood and Symptoms of Depression  

Multiple methods have been found as accurate and valid measures for assessing 

an individual’s mood. The Profile of Mood States is one commonly used assessment. 
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This method was developed in 1971 by McNair, Lorr & Droppleman as a means to 

specifically measure mood state as opposed to symptoms of depression 92. The POMS 

assessment consists of 65 terms and covers six different components of mood including 

depression-dejection, anger-hostility, fatigue, tension-anxiety, confusion-bewilderment 

and vigor 92. Individuals taking the assessment rate each term on a 5 point Likert scale 

from “not at all” to “extremely” to indicate how they have felt over the past week or day 

depending on the version 92. An individual’s total mood disturbance is then calculated 

from adding the subcategories together, with the exception of vigor, in which the score is 

subtracted from the total 92. Although this assessment was originally developed nearly 50 

years ago, it is still commonly used in research as a valid assessment tool.  

 The POMS assessment has been utilized and validated for use with a variety of 

populations. Early versions of the POMS assessment were primarily tested in men and in 

clinical setting including through the Veteran’s Administration clinics 93. The participants 

in the first studies to test this assessment were all psychiatric patients. In one of these 

studies, 150 VA psychiatric outpatients were administered the POMS assessment before 

and after receiving four weeks of treatment 94. This data displayed that the POMS 

assessment could reliably be used to assess the six mood categories with a high retest 

consistency of 0.61-0.69 94. Furthermore, in analyzing the internal consistency of the tool 

as it was used in assessment of 1,000 male and female outpatients from the Boston 

University Medical Center Psychiatric clinic, McNair, Lorr & Droppleman found 

reliabilities for all of the 6 mood factors to be close to 0.90, or higher in some cases 93. 

The POMS has also been used and validated for use in cancer patient, drug trails, and in 

sports and exercise research 95-97. These studies helped to confirm that the Profile of 
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Mood States has a high internal consistency and can be used in wide variety of 

populations.  

  With the multitude of studies that have utilized POMS, normative data for various 

groups has been collects. In a study by Killen et al. that used the POMS to evaluate 2,360 

adults in a program to stop smoking, the total mood disturbance score for this population 

was found to be 48.4 (33.6) 98. Normative data has also been examined in college 

students. In looking at the six sub scores of the POMS, a study examining mood in 

healthy female college students from a large northwestern university showed that the 

mean and standard deviation for the tension and depression sub scores were 14.8 (11.4) 

and 13.9 (7.4), respectively 99.  However, this study did not specify total mood 

disturbance scores for the population. Based on the scores listed for each of the sub 

scores, total mood disturbance would have a mean of approximately 44.8 for this 

population of female college students 99. In yet another study by Nyenhuis et al. 

normative POMS scores for adult populations were assessed 100. These data, which 

consisted of 400 adult men and women, found the mean and standard deviation of POMS 

scores in adult women to be 20.3 (33.1) 100. In breaking down POMS scores by age 

group, Nyenhuis et al. also found that college students had a much higher mean (SD) 

POMS scores of 39.9 (37.1) 100. The data from these studies suggests that average POMS 

scores for college students is significantly higher than that of the average adult 

population, suggesting greater mood disturbances.  

 An abbreviated form of the POMS assessment, known as the Profile of Mood 

States-short form (POMS-SF) has also been developed as a validated tool for determining 

mood states. The POMS-SF was developed by Shacham in 1983 101. This version only 
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contains 37 of the 65 descriptive terms from the original, but still covers all six 

subcategories that are examined with the full length POMS assessment. Shacham 

developed this version by administering the assessment to 83 cancer patients and 

eliminating questions that compromised the internal consistency of each subscale 101. The 

resulting 37 item assessment was shown to be highly correlated (r= 0.81 to 0.95) with all 

subscales of the original POMS, as well as the total mood disturbance score (r= 0.92)  101, 

102. The high correlations found between the POMS and POMS-SF confirms the validity 

of the POMS-SF as an accurate tool for determining an individual’s mood. Furthermore, 

this shortened version can be more quickly completed, making in a slightly faster and 

easier alternative 102. While this form of the assessment has been proven as a valid 

measurement in comparison to the original, the POMS assessment is still preferred as it 

includes a broader range of questions to assess mood and still can be completed relatively 

quickly in approximately 3-7 minutes by health individuals 102.  

Beck Depression Inventory 

The Beck Depression inventory (BDI) is a tool specifically used as a diagnostic 

test to assess the severity of symptoms of clinical depression. The BDI assessment was 

developed by Beck et al. in 1961103. The BDI determines the presence of depressive 

symptoms through 21 self-reported items which are given a score of 0-3 for each item. 

For this assessment, scores range from 0-63, where a higher score indicates that 

symptoms of depression are present 103. A score of 0-10 indicates that the person being 

assessed is likely experiencing normal ups and downs. Scores from 11-16 may indicate 

that a person is experiencing mild disturbances in mood slightly outside of the normal 

range 103. If a person receives a score of 17-20, they are considered to be borderline 
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clinically depressed. Individuals with scores of 21-30 are diagnosed with moderate 

depression, while scores of 31-40 are considered severely depressed. Any scores above 

40 correspond to extreme depression 103. 

This assessment has since been updated multiple times but is still commonly used 

to identify the presence and magnitude of depression. Since the development of this 

diagnostic assessment, a multitude of studies have been conducted that have confirmed 

the validity of the BDI. The BDI was first validated for use in psychiatric populations 

when it was developed over 50 years ago. One such study, reported by Beck et al. used 

this assessment for analyzing the depth of depression in 187 psychiatric patients and 

found a biserial correlation of 0.67 103. This study along with one other helped to initially 

confirm the validity of the assessment, promoting its use in future studies. 

Although the Beck Depression Inventory was initially used for psychiatric 

patients, it has since been validated for use with other populations. In a 1978 study, 

Bumberry, Oliver and McClure examined the validity of the BDI for use in university 

students 104. For this study, the original version of the BDI was administered to a total of 

56 male and female university students from two different schools in the midwestern 

region of the United States. In addition to receiving the BDI, participants were assessed 

by board certified psychiatrists to assess depth of depression 104. The results of the self-

administered BDI were compared to results of psychiatric assessment. The study found a 

biserial correlation coefficient of 0.77 104. The results of this study suggested that the BDI 

is a valid assessment for use in university students.  
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While other validated methods exist for determining mood state and depression, 

the POMS and Beck Depression Inventory are simple and effective tools that can be used 

in a wide variety of populations.  

After analysis of the current literature, there is an apparent lack of research 

connecting oral contraceptive use to diminished vitamin B6 status and the resulting effect 

on mood and symptoms of depression. Moreover, the question of whether or not vitamin 

B6 supplementation acts as a method of improving mood in those that use modern oral 

contraceptives has yet to be answered. The present study was therefore designed to 

address this paucity of research and determine if and to what degree supplementation of 

vitamin B6 impacts mood and symptoms of depression in oral contraceptive users.  
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CHAPTER 3 

METHODS 

Recruitment 

 Approval from the Arizona State University (ASU) Institutional Review Board 

was obtained prior to recruitment for the study (appendix A). Recruitment began in 

January 2019. Information about the study was sent to students via ASU Listservs. Flyers 

were also posted on the ASU Downtown Campus to increase reach. Potential participants 

were provided with a link to complete an online questionnaire designed using Qualtrics. 

Those that completed the survey and qualified for an in-person prescreening visit to 

further assess participant eligibility were contacted via email. During the initial in-person 

screening visit, participants that did not meet the inclusion criteria were excluded from 

the study. The remaining respondents that met inclusion criteria were notified of their 

eligibility and were invited begin the study. 

Participants 

Healthy, non-smoking females between the ages of 18-25 years old, who have 

taken a combined oral contraceptive (estrogen with progestin) consistently for at least one 

year prior to the start of the study, were recruited for this research study. Participants 

were non-vegetarians without food allergies and did not use prescription medicine, with 

the exception of oral contraceptives. Participants also did not use any type of supplements 

including mineral, herbal or B vitamin supplements prior to starting the study. Individuals 

that consumed at or below 200% of the RDA, or 2.6 mg vitamin B6 based on a food 

frequency questionnaire were eligible for the study. All participants provided written 
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voluntary consent after being informed about the purpose and requirements of the study. 

In total, 8 individuals were included in the study.  

Study Design 

This study was a 12-week, randomized, double-blinded crossover trial. After 

eligibility was confirmed through prescreening assessments, participants were stratified 

by age and BMI. Appendix B shows the extent of participation required for each visit. 

Once stratified, participants were randomized by a coin flip into the experimental group 

(B6 supplement) or control group (low does vinegar pill). Participants were instructed to 

take the provided pills once daily for four weeks. After a four week period, participants 

were instructed to continue their normal eating patterns and complete a four week 

washout period in which they did not receive any pills. After the four week washout 

period, participants were assigned to the opposite intervention/ placebo group. Therefore, 

participants that had initially been placed in the experimental group would now take a 

placebo vinegar pill once daily for four weeks, while those that had been in the control 

group at the start of the study would take the B6 supplement once daily for four weeks. 

Hence, participants acted as their own control in this crossover trial.   

All participants were instructed to keep exercise and eating patterns consistent 

throughout the duration of the study. Additionally, participants were instructed not to 

start any new medications or supplements. To ensure compliance, participants were 

provided calendars and were instructed to check off each day that the pills were 

consumed during the treatment periods.  

Anthropometric data was collected and blood draws were performed at weeks 0, 

4, 8 and 12. Participants completed a health history questionnaire which included the 
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Godin Leisure-Time Exercise questionnaire to assess physical activity levels at week 

zero. A vitamin B6 food frequency questionnaire was also completed at all five visits. 

Additionally, mood assessments, including the Profile of Mood States and the Beck 

Depression Inventory were administered at weeks 0, 4, 8 and 12 (appendix B). 

Study Variables  

The independent variable for this study was supplementation of vitamin B6. 

During the experimental period of this study, participants received 100 mg of B6 in the 

form of pyridoxine hydrochloride (Vitamin B6 100 mg Tablets, Nature Made, 

Northridge, CA) 105. Participants were instructed to take one pill daily for four weeks (28 

days). During the control period, participants received a low dose vinegar pill that 

contained less than 23 mg of acetic acid per tablet (Apple Cider Vinegar Tablets, NOW 

Foods, Bloomingdale, IL) 106. Detailed supplement information can be found in appendix 

C. Participants were instructed to take one pill once daily for four weeks.  

The dependent variable examined in this study was mood state. Mood state was 

quantified using the Profile of Mood States assessment (POMS). The presence of 

depressive symptoms was also assessed through administration of the Beck Depression 

Inventory. The POMS and BDI are both validated assessments for use in a variety of 

populations 93-97, 101-104. B6 status in terms of plasma PLP levels was examined as a 

secondary dependent variable to identify the changes in body levels of vitamin B6 with 

supplementation.  

 

 

 



  35 

Protocol Procedures  

Prescreening: Survey and Visit 1 

Potential participants were prescreened to assess for eligibility through a Qualtrics 

survey sent out via ASU Listservs. Individuals that met inclusion criteria from the 

prescreening survey were asked to come in to be further assessed for eligibility using a 

health history questionnaire, anthropometric data and food frequency questionnaire to 

assess baseline B6 status. Anthropometric data was collected by a trained staff member. 

Those meeting all requirements and consumed at or below 2.6 mg B6 based on the food 

frequency questionnaire were included in the study (n=8). Potential participants were 

informed of the length of study and study details including participation requirements and 

number of visits. Possible risks and benefits involved with participation were explicitly 

outlined. Visits 2-5 were scheduled for those that were found to meet all requirements.  

Start of Study (Week 1-4) 

Participants came in for their second visit on day 1 of the study. Prior to the 

second visit, eligible participants were stratified by BMI and age, then randomized by 

coin flip into either the experimental or control group to begin the study. Basic 

anthropometric data, including weight, was collected and recorded first for all 

participants by a trained staff member. Next, blood draws were performed to measure 

baseline plasma PLP status. Blood draws were completed by a phlebotomist. 

Next, the Profile of Mood States assessment was administered to all participants 

to address their level of mood disturbance, as well as the subcategories: anger-hostility, 

fatigue, tension-anxiety, depression-dejection, confusion-bewilderment, and vigor 92. A 

Likert scale from “not at all” to “extremely” was used for each term in the assessment 92. 
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If participants were unfamiliar with any terms in the list, they were provided a definition 

of the term by a trained staff member. Participants were then instructed to complete the 

Beck Depression Inventory (BDI). After completion of the BDI, participants completed a 

questionnaire to address any potential factors that could impact mood including 

significant life events, conflicts with peers, perceived sleep quality from the night prior to 

assessment, and recent illness. Answers to questions were quantified to assess risk of 

altered mood based on these factors. Lastly, participants filled out a food frequency 

questionnaire based on their approximate intake over the previous 7 days. 

At the end of the visit, participants were provided with their appropriate 

supplement or control treatment based on their assigned group. Both groups were 

instructed to take one tablet (B6 supplement or vinegar pill) daily for four weeks. 

Additionally, participants were provided with a compliance calendar to assist in tracking 

of the days that they took the supplement (or placebo). Participants were also instructed 

to continue their normal eating patterns and exercise regimes throughout the entire 12 

weeks. Email reminders were sent out weekly to participants to encourage compliance.  

At the end of week 4, participants came in for their third visit. At this visit, 

anthropometric data was collected and a blood draw was performed by a phlebotomist to 

assess for changes in plasma PLP status. Participants completed the POMS assessment 

and Beck Depression Inventory at this time as well to assess any changes in mood state. 

The questionnaires on mood influencing factors and food frequency were also obtained. 

Participants also turned in their compliance calendars that they had been provided with at 

the start of week one. Participants were given instructions for weeks 5-8 of the study at 

the end of this visit.  
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Week 5-8 

 During weeks 5-8, participants were instructed to continue their normal eating and 

exercise patterns. Participants did not receive either the treatment or placebo tablets 

during this time period as this was a washout period. Tracking compliance was not 

necessary as no treatment was provided in this time period. A reminder email was sent 

out during week 6 and at the beginning of week 8 to remind participants of their fourth 

visit at the end of week 8. 

Week 9-12 

 When participants came in for their fourth visit at the end of week 8, the same 

procedure as their second visit was followed. Once anthropometric data, questionnaires, 

assessments, and blood draws were completed, participants were provided with the 

opposite treatment from their original assignment. Those that had received the control 

treatment during weeks 1- 4, were now given B6 supplements for weeks 9-12, while 

those that had been given the supplement during weeks 1- 4, were now given the vinegar 

tablets to take during weeks 9-12. Participants were unaware of whether they were 

receiving the vinegar tablets (placebo) or the B6 supplements (treatment). Again, both 

groups were instructed to take one of the provided tablets daily for four weeks. 

Compliance calendars were sent home to help participants remember to take their 

assigned tablet. Participants were again reminded to continue their normal exercise and 

eating patterns.  

At the end of week 12, participants came in for their fifth and final visit. The same 

procedure as the third visit was followed. Participants completed all assessments and 

final blood draws were performed. Compliance calendars were collected from all 
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individuals to help determine overall compliance throughout the duration of the study. 

Participants were compensated for their participation with a $50 Amazon gift card once 

the trial was complete.  

Laboratory Analyses 

 Participant blood samples were collected at visits 2 - 5 to assess vitamin B6 status 

of participants and changes with supplementation. Plasma PLP levels were quantified 

using a B6 Enzymatic Assay (KK-VB6-U, Bühlmann, Amherst, NH) 107. The protocol for 

this assay and the mechanism of action can be found in appendices D and E. Blood 

samples were tested in duplicate to ensure accuracy of measurements.  

Statistical Analysis 

In analyzing the data, both questionnaire and laboratory data were assessed. 

Results are expressed as the mean  the standard deviation. A significance level of p 

0.05 was set for this study. A sample size of approximately 25 participants was calculated 

to provide 80% power to observe differences in POMS scores between the supplement 

and placebo treatments 108-113 (appendix F). All data were analyzed using Statistical 

Package for Social Sciences (SPSS) version 25 for Mac. Descriptive statistics were 

performed using the data collected to find the mean and standard deviations during the 

control and treatment portions of the study. All variables were tested for normality using 

the Shapiro-Wilk test for normality. Data that was not normally distributed was log 

transformed to create normal curves. Additionally, data were checked for outliers (3 

standard deviations from the mean). No outliers were identified. Dietary B6 intake and  

life stressor values were analyzed using repeated measures ANOVA. Change data were 

calculated for the outcome variables and analyzed using a paired t-test.  
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CHAPTER 4 

RESULTS 

In recruiting for the study, 54 individuals completed the Qualtrics screening 

survey (Figure 3). Of these individuals, 25 did not qualify based on their survey 

responses. Six did not qualify as they were either vegetarian or vegan; six did not qualify 

as they had not been taking oral contraceptives for at least 12 months; two were on oral 

contraceptives that were non-combined forms; nine were on prescription medications 

other than oral contraceptives; and two did not qualify because they were already taking 

either B6 or B complex supplements. Qualifying respondents were sent invitation emails 

on three occasions. Of the 29 individuals that did qualify, only 11 responded to 

invitations to participate in the study. One person did not attend the initial screening visit. 

One individual did not qualify based on initial screening assessment due to clinical 

diagnosis of depression, and one individual did not continue the study after the initial 

visit. The 8 remaining participants attended all 5 visits and completed the study (Figure 

3).  

Figure 3. Recruitment of study participants from initial n=54 screened via Qualtrics 

survey, to n=8 included in the study.  

 



  40 

 

The 8 participants that were included in the study were stratified by age and BMI 

and randomly assigned to receive either the B6 supplement or control pill for a 4-week 

period. All participants completed a 4-week washout period before receiving the alternate 

treatment for the last four weeks of the study. Thus, all participants received the vitamin 

B6 treatment and served as their own control. All participants were between the ages of 

18-24 years old with an average age of 21.0 ± 2.0 years (Table 4). At baseline, the mean 

and standard deviation of the BMI of participants was 21.4 ± 2.5 kg/m2. Activity level 

was also assessed at baseline to ensure that participants were not exercising excessively 

in their day to day routines.  Using the Godin Leisure-Time Exercise questionnaire to 

assess activity levels of participants, the mean score was 52.3 ± 30.7 metabolic 

equivalents (MEQ)/week. Of the eight women that completed the survey, seven (87.5%) 

were Caucasian and one was Hispanic. All participants were undergraduate or graduate 

students at Arizona State University and were primarily in nutrition (37.5%) or other 

health related majors (50.0%); 12.5% were in non-health related majors. Three (37.5%) 

of the participants were in graduate school, 25% were sophomores, 12.5% were juniors, 

and 25% were seniors (Table 4).  
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Table 4. Description of participant characteristics at baseline. 

 Participant Characteristics 

Characteristic   n (%) 

Ethnicity 

     Caucasian 

     Hispanic 

 

7 (87.5%) 

1(12.5%) 

Major 

      Health Sciences 

      Kinesiology 

      Medical Studies 

      Nursing 

      Nutrition 

      Architecture 

 

1 (12.5%) 

1 (12.5%) 

1 (12.5%) 

1 (12.5%) 

3 (37.5%) 

1 (12.5%) 

Grade level  

      Freshman 

      Sophomore 

      Junior 

      Senior  

      Graduate  

 

- 

2 (25.0%) 

1 (12.5%) 

2 (25.0%) 

3 (37.5%) 

 N=8, M (SD) 

Age (years) 21.0 (2.0) 

Weight (kg) 55.6 (6.0) 

Height (cm) 161.5 (4.8) 

BMI (kg/m2) 21.4 (2.5)  

Activity level (MEQ/week) 52.3 (30.7)  

 

 

Based on compliance calendars completed by participants, all participants took 

their assigned control pill or supplements every day throughout the two 4-week 

intervention periods. All participants completed vitamin B6 focused food frequency 

questionnaires (FFQ) at each of the five study visits. At baseline, the mean intake of 

vitamin B6 based on the questionnaires was 1.46 ± 0.75 mg/day (Table 5). The intake of 

B6 from foods did not change significantly throughout the duration of the study (p= 

0.317).  
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Table 5. Intake of vitamin B6 based on FFQs throughout at baseline, pre- and post- 

control, and pre- and post-B6 supplementation (p= 0.317, repeated measures ANOVA). 

 

Statistic 

 FFQ B6 intake (mg/day) 

Baseline Pre Control Post Control Pre B6 Post B6 

Mean 

 

1.46 1.31 1.29 1.15 1.38 

SD 

 

0.75 0.74 0.97 0.66 1.02 

 

Participants completed a brief questionnaire to assess for the presence of stressors 

at each of the 5 visits. For this assessment, each “yes” answer was quantified as a value 

of 1, while “no” responses were given a value of 0. Responses were totaled at each visit 

and had a possible score range of 0-17. The presence of stressors based on this 

assessment did not significantly differ between treatment periods (p= 0.634) (Table 6).  

Table 6. The perceived presence of stressors in participant lives pre- and post- control vs 

pre- and post- vitamin B6 supplementation. Data presented as mean and standard 

deviation; means did not differ significantly during the study (p=0.634; repeated 

measures ANOVA). 

 Life Stressors Score 

Statistic Pre Control Post Control Pre B6 Post B6 

Mean 

 

6.6 7.1 6.1 5.1 

SD 

 

3.6 3.6 2.8 3.2 

 

Plasma PLP was measured to assess vitamin B6 status in participants before and 

after each supplement period. For the periods before each treatment, the plasma PLP 

levels of participants did not differ significantly. After four-week supplementation of 100 

mg of vitamin B6 daily, the plasma PLP levels of participants increased by more than 

193% (Table 7). This increase differed significantly from the change noted after 

supplementation with the control pill (+29%; p=0.003). The measured values of plasma 

PLP post B6 supplementation were capped at 209 nmol/L as these values were higher 

than the range that the B6 assay could detect.  
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Table 7. Plasma PLP values of participants pre and post control or B6 supplementation 

periods (p=0.003 for the change by treatment; paired T-test). *All plasma PLP levels 

were above 209.0 nmol/L after consumption of 100 mg B6 supplements. 

 Plasma PLP levels pre and post interventions (nmol/L) 

 

Statistic Pre 

Control 

Post 

Control 

% 

change 

Pre B6 Post B6 % change 

Mean 

 

59.9 77.4 29.3 71.3 

 

>209.0* 193.3 

SD 21.6 48.5  40.3 -  

 

 Total mood disturbance (TMD) scores assessed using the POMS assessment did 

not significantly change with intervention (p=0.720). While the sub scores of Anger and 

Depression decreased by 10.3% and 14.7%, respectively, from pre-intervention, these 

values were not statistically significant (Table 8). With B6 supplementation, the Vigor 

sub score did increase by 8.4%, however this increase was also not significant (p>0.05). 

The mean ± SD for the TMD scores pre control and pre B6 intervention were 43.5 ± 40.6 

and 30.1 ± 31.3, respectively. During the period of the control, TMD scores increased by 

9.8%. TMD scores for the B6 supplementation period were also slightly worse with a 

6.2% increase. There was no significant change in TMD scores throughout the duration 

of the study.  
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Table 8. Profile of Mood States sub scores and total mood disturbance before and after 

control and intervention periods. Higher scores, with the exception of vigor, are 

unfavorable. 

 POMS Total Mood Disturbance and sub score means and standard 

deviations: M (SD) 

Sub score Pre 

Control 

Post 

Control 

% 

change 

Pre B6 Post B6 % 

change  

P 

value 

Anger 

 

8.9  

(9.1) 

9.0 

(6.9)  

 

1.4 6.0 

(6.1) 

5.4  

(4.9) 

-10.3 0.627 

Fatigue  

 

13.3  

(7.7) 

11.6 

 (6.0) 

-12.2 8.6  

(4.5) 

9.5  

(5.9) 

 

10.1 0.307 

Tension 

 

12.5 

 (10.4) 

17.5 

 (8.5) 

 

40.0 10.9 

(7.0) 

14.5 

 (6.1) 

33.3 0.668 

Confusion 

 

9.5 

 (5.3) 

 

9.8  

(4.2) 

2.6 7.1 

 (3.6) 

8.6  

(3.1) 

21.0 0.272 

Depression 

 

9.6  

(11.0) 

10.1  

(10.6) 

 

5.2 9.4 

 (15.0) 

8.0  

(8.3) 

-14.7 0.566 

Vigor 

 

10.3 

 (6.8) 

 

10.3  

(6.3) 

 

0.0 11.9 

 (6.7) 

12.9 

(4.1) 

8.4 0.474 

TMD 43.5 

(40.7) 

47.8 

(33.3)  

9.8 30.1 

(31.3)  

32 .0 

(24.1) 

6.2 0.720 

 

 Presence of symptoms of clinical depression was also assessed using the Beck 

Depression Inventory. After log transformation of data to normalize, a significant 

decrease in presence of depressive symptoms was observed after periods in which 

participants had been consuming the vitamin B6 supplements compared to placebo 

treatment (p= .047) (Table 9). The mean BDI score post B6 intervention decreased by 

20.3%, while the mean BDI score increased by 10.7% in during periods in which 

participants consumed the control pill.   
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Table 9.  Beck Depression Inventory scores of participants pre and post 4 week control 

and intervention periods. Higher scores are unfavorable. The p value represents paired T-

test.   

 Beck Depression Inventory means and standard deviations 

Statistic Pre 

Control 

Post 

Control 

% 

change 

Pre B6 Post B6 % 

change 

P 

value 

Mean 

 

8.3 

 

9.1 10.7 8.0 6.4 -20.3 .047 

SD 

 

10.7 9.4  10.2 9.5   

 

 

Figure 4. Error bars use standard error. The Beck Depression Inventory scores decreased 

significantly (p= 0.047) compared to the control group. 
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CHAPTER 5 

DISCUSSION 

This study was conducted to identify the impact that vitamin B6 supplementation 

has on mood states in college age women that are more likely to have lower plasma PLP 

levels due to their use of oral contraceptives 4,73. Much of the current literature on this 

topic has primarily focused on either the link between low vitamin B6 status and 

depressed mood or on the diminished vitamin B6 status with oral contraceptive use 4-

7,73,74. However, little research has discussed the link between low vitamin B6 status 

related to oral contraceptive use and the relationship that has to depressed mood.  

The present study connected these ideas and aimed to determine a method of 

minimizing negative mood changes in oral contraceptive users through supplementation 

of vitamin B6. With this focus, the primary outcome investigated in this study was mood 

states. Participant mood states were quantified using the Profile of Mood States 

assessment. The results of the study indicated that mood states were not significantly 

changed with daily supplementation of 100 mg of vitamin B6 over a four week period. 

Therefore, the hypothesis was rejected. However, while mood states did not significantly 

improve, the presence of depressive symptoms in participants declined during the periods 

of vitamin B6 supplementation. Symptoms of depression were assessed with the Beck 

Depression Inventory (BDI), which is a validated measure used as a diagnostic test for 

clinical depression 103,104. For this assessment, a significant improvement in mean BDI 

score was observed after the vitamin B6 supplementation period (p= 0.047). This 

improvement suggests that supplementation of 100 mg of vitamin B6 may mitigate 

depressive symptoms in women that are taking a combined form of oral contraceptives. 
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This information is a crucial finding as it indicates that vitamin B6 supplementation may 

alleviate a major negative side effect that oral contraceptive users experience. The results 

of this study also provide valuable information for future researchers examining the 

impact that vitamin B6 has on depressive symptoms in various populations.  

 Although the BDI scores of participants decreased significantly with the 

supplementation period, it is important to note that the mean BDI scores pre- and post- 

intervention and control periods were all considered to be in the “normal” category, as 

the means were within the 0-10 score range 103. However, the post control mean BDI 

score was 9.1, which is on the high end of normal, while the post intervention (B6 

supplementation) mean was only 6.4, which is near the middle of the normal range 103. If 

this study were to be repeated, having greater variation, or higher BDI scores at baseline 

could potentially show more of an improvement with B6 supplementation.  

 A possible explanation for the mean BDI scores being in the normal range 

throughout the course of the study is that nearly all participants had an adequate plasma 

PLP status of above 30 nmol/L 16. While plasma PLP levels did significantly increase 

with supplementation of B6 by more than 193% (p=0.003), participants were not at 

marginal or deficient levels prior to supplementation and during the control periods. This 

lack of marginal vitamin B6 status likely contributed to the observed normal ranges for 

BDI scores as the participants were not at a high risk of B6 deficiency-related mood 

changes.  

Based on the literature, as many as 40% of oral contraceptive users have marginal 

B6 status1. However, this was not the case for the study sample. Only one participant 

(12.5%) was found to have a marginal B6 status with a plasma PLP level of <30 nmol/L 
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throughout the study, with the exception of the period post B6 supplementation. For all 

participants, the mean plasma PLP level prior to the B6 supplementation period was 71.3 

± 40.3 nmol/L and was 59.9 ± 21.6 nmol/L prior to placebo intake. These levels are 

consistent with adequate plasma PLP status as they are >30 nmol/L 16. The plasma PLP 

levels found in this study are also similar to the plasma PLP levels found in comparable 

samples. In an article by Deac et al. examining the differences in vitamin B6 status 

among various populations, the mean plasma PLP of 385 oral contraceptive users 

between 20-25 years old was 68.7 nmol/L 114. This suggests that the vitamin B6 status of 

the study sample is comparable to other oral contraceptive users.  

The normal plasma PLP levels of participants that were observed could have 

potentially been related to participant intake of foods containing vitamin B6. During the 

initial screening, participants completed a self-reported vitamin B6 food frequency 

questionnaire. For this study a FFQ cutoff of <200% of the RDA for vitamin B6 was 

chosen as an inclusion criteria, as studies have shown that women on oral contraceptives 

need as much as 20-25 mg B6/day to support proper tryptophan metabolism and adequate 

B6 status 5,115. Therefore, in setting the criteria for this study, it was presumed that 

women on oral contraceptives that were consuming less than 2.6 mg B6/day would still 

have a marginal B6 status. Moreover, the RDA of 1.3 mg B6/day was not used as it 

further restricted the eligible sample group. If resources permit, future studies on the 

topic should assess plasma PLP status prior to study completion to ensure that 

participants have marginal or deficient status at baseline. This could also help ensure that 

observed changes in mood or symptoms of depression are related directly to vitamin B6 

supplementation and improvement in plasma PLP status. 
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Limitations 

This study had multiple limitations that could have impacted the significance of 

study findings. Some of the limitations include the lack of regulation over participant 

diets and exercise patterns. Participants were instructed to keep diet and exercise 

consistent throughout the study however this was only controlled through self-reported 

food frequency questionnaires and interviewing participants at visits. Additionally, this 

study was limited to female students from Arizona State University which could limit the 

application of results to this geographical region.   

 Perhaps the most significant limitation of this study was the small sample size. 

The calculated sample size for observable differences to provide 80% power was 25 

participants 108-113 (appendix F). Difficulties in recruiting individuals that met all 

inclusion criteria and that were willing to complete all visits contributed to a limited 

sample size of 8 individuals. Many of the individuals that expressed interest in the study 

by completing the screening survey did not qualify as they followed a vegan or 

vegetarian diet, were taking other medications or supplements, or had not been on a 

combined form of oral contraceptives (Figure 1). Another large portion of potential 

participants did not respond to email invitations to be screened in person. The small 

sample size that was obtained makes it difficult to apply study outcomes to the general 

population. However, although the sample size was small, study adherence was 100% 

based on compliance calendars that were completed by participants throughout the course 

of the study.  
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Generalizability 

The results of this study are primarily generalizable to young college women that 

are on a form of oral contraceptives that contains both estrogen and progestin. Women 

over the age of 25 were not included in this study so these results may not accurately 

reflect mood changes and depressive symptoms in oral contraceptive users that are 

outside of the specified 18-25 year old age range. This study also excluded individuals 

that are vegan or vegetarian and therefore results may not be as generalizable to these 

individuals.  
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CHAPTER 6 

CONCLUSION AND APPLICATIONS 

With the results of the present study indicating a significant decrease in the 

presence of depressive symptoms but not an improvement in mood states, this study may 

act as a starting point for future research on the relationship between vitamin B6 

supplementation and symptoms of depression in oral contraceptive users. Further, the 

results of this study provide valuable information for both future researchers and those 

taking oral contraceptives as depressive symptoms in this population is one of the 

primary reasons that women choose to discontinue use of the medication 72. With the 

possibility that supplementation could mitigate these unfavorable symptoms, further 

research should be conducted to confirm the validity of these results and investigate the 

use of vitamin B6 supplementation with larger sample sizes.  

With the large proportion of college women using oral contraceptives and the 

common side effect of depressed mood, it is imperative that researchers continue to 

examine methods for minimizing the associated risks. Further studies could continue to 

investigate the effectiveness of vitamin B6 supplementation in reducing symptoms of 

depression in this susceptible population. Additionally, research on appropriate dosage 

for vitamin B6 supplementation would also be appropriate and beneficial to the scientific 

community as this could help determine the optimal dose for mood and symptom 

improvement with oral contraceptive use. Researchers could additionally examine the 

impact that various types of contraceptives have on the severity of mood changes. 

This study confirms that there is a potential for vitamin B6 supplementation to 

alleviate mental health side effects of oral contraceptives and provides a framework for 
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future studies to advance on the topic. The outcomes of this study also necessitate a focus 

on minimizing the risks of depression in college women to support mental health and the 

utilization of safe and effective forms of contraceptives.  
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The IRB approved the protocol from 12/31/2018 to 12/30/2019 inclusive. Three weeks 

before 12/30/2019 you are to submit a completed Continuing Review application and 

required attachments to request continuing approval or closure.  
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Study Design Flow Chart 
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Control treatment: Now Foods, vinegar tablets 

Experimental treatment: Nature Made Vitamin B6 tablets  

Tablet type Picture of bottle Supplement Facts 

NOW Foods, 

Apple Cider 

Vinegar 

Tablets 450 

mg. 

Bloomingdale, 

IL. 

 

 

 

 

 
 

Nature Made- 

Vitamin B6 

100 mg 

Tablets. 

Northridge, 

CA. 
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B6 ASSAY PROTCOL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  71 

Vitamin B6 Enzymatic Assay (#KK-VB6-U, Bühlmann, Amherst, NH) 
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APPENDIX E 

B6 ASSAY SCHEMATIC 
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Mechanism of action of vitamin B6 assay 
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APPENDIX F 

SAMPLE SIZE CALCULATION CHART 
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Sample Size Calculations 
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