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Abstract 

Background:  Recent research indicates that inadequate vitamin D status may incur increased 

cancer risk, particularly for breast and colon cancer.  Cutaneous generation of vitamin D through 

direct absorption of summer sunlight is considered the principal source of vitamin D; however, at 

latitudes above 40ºN, UVB rays are insufficient to permit cutaneous synthesis during winter.  

Vitamin D can also be obtained from natural and fortified dietary sources and through supplement 

use, although dietary reference intake values do not seem to compensate for restricted cutaneous 

synthesis in winter. 

 

Objectives:  To determine the prevalence of vitamin D insufficiency post-winter and post-

summer, to determine the seasonal variation in 25-hydroxyvitamin D (25(OH)D) levels, and to 

investigate determinants of 25(OH)D concentrations. 

 

Methods:  A cross-sectional study of vitamin D status post-winter and post-summer was 

conducted among 49 premenopausal rotating shift nurses at Kingston General Hospital.  In each 

season, vitamin D levels were measured using a radioimmunoassay to quantify serum 25(OH)D 

from fasting blood samples, and personal, lifestyle, and dietary factors potentially influencing 

vitamin D levels were assessed from a self-report questionnaire.  Nurses were classified as 

vitamin D sufficient (>30ng/mL) or insufficient (≤30ng/mL). 

 

Results:  A statistically significant difference was found between mean serum 25(OH)D 

concentrations post-winter (32.6ng/mL) and post-summer (42.5ng/mL) (p=0.0003). The 

prevalence of vitamin D insufficiency post-winter was 49% compared to 24% post-summer 
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(p=0.02).  Tanning bed use was associated with significantly higher winter serum 25(OH)D levels 

was tanning bed, while controlling for age, BMI, and vitamin D-fortified yogurt consumption 

(R2=0.41, p=0.007).  For summer, predictors of higher serum 25(OH)D levels were supplement 

use and tanning bed use in the past six months, while controlling for age, BMI, and beef/veal 

consumption (R2=0.53, p=0.001). 

 

Conclusions:  Vitamin D insufficiency was prevalent both post-winter and post-summer, but 

with much higher prevalence post-winter.  Controlling for age and BMI, tanning bed use was a 

determinant of serum 25(OH)D concentrations in both seasons, while fortified yogurt 

consumption also contributed in winter, and beef/veal consumption and supplement use 

contributed in summer.  These findings support the need to improve vitamin D status among this 

population, and to increase the dietary reference intake values and supplement recommendations.  
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Chapter 1 

Introduction 

1.1 Background & Rationale 

Vitamin D is a fat-soluble vitamin1  obtained primarily via cutaneous synthesis from 

ultraviolet B (UVB) radiation exposure, as well as from dietary sources and supplements.2-5  

Although vitamin D status has been linked to a number of illnesses, its impact on cancer risk has 

recently come to the forefront of cancer research.  Through both prospective and retrospective 

studies, levels of 25-hydroxyvitamin D (25(OH)D) below 20ng/mL have now been associated 

with a 30-50% greater risk for and mortality from colon, prostate, and breast cancers.4, 6  Large 

geographical variations in cancer incidence and mortality rates have been reported as 25(OH)D 

levels have been inversely related to latitude and positively related to sun exposure.7, 8  

Researchers mostly agree vitamin D sufficiency should be defined by serum 25(OH)D 

levels >30ng/mL, while vitamin D insufficiency is defined by serum 25(OH)D levels of 10-

30ng/mL, and deficiency occurs below 10ng/mL.4, 5, 9, 10  There have been a couple of 

observational studies conducted in Canada and the northern United States (US) examining the 

prevalence of vitamin D insufficiency.  All of these have reported a high prevalence of vitamin D 

insufficiency, with estimates ranging from 20-75%, depending on the definition of insufficiency 

used.2, 11-15  However, few of these studies have focused solely on premenopausal women, 

although this age group is likely relevant due to the time window when low vitamin D may be 

biologically effective in cancer development.     

Current dietary guidelines in Canada and US recommend daily consumption of 200IU of 

vitamin D for adults up to 50 years of age; however, evidence in favor of increasing this daily 

reference intake (DRI) is growing as vitamin D deficiency has reemerged as a significant health 

issue.16-18  Along with frequency of consumption of vitamin D supplements, and fortified and 
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natural food sources, there are a variety of factors that influence vitamin D levels in the body.  

Among these, season and latitude are extremely important as they have been strongly linked to 

variations in 25(OH)D levels.19  Research has demonstrated that at latitudes above 40ºN, vitamin 

D production is insufficient October through March.20  Maximum vitamin D levels are reached in 

late summer after abundant UVB exposure, and minimums are reached in late winter when 

vitamin D stores become depleted and cutaneous production cannot occur.21  Personal 

characteristics such as age21-28  and body mass index (BMI)14, 28-32  have been inversely related to 

25(OH)D levels, as has increasingly darker skin pigmentation.13, 15, 21, 22, 27, 33, 34  A variety of 

lifestyle factors such as time spent outdoors, clothing coverage,23, 35  sunscreen use,28 tanning bed 

use,4, 20, 36  and taking sun vacations,37  have also been shown to influence circulating vitamin D 

levels.   

A few observational studies have attempted to determine which vitamin D determinants 

are most important in a given season; however, the results have been highly variable.19, 36-39  

Further research is required in order to clarify which determinants of vitamin D status are most 

influential on levels in the body, as well as to what extent changes to DRI values need to be made 

in order to reduce the prevalence of insufficiency. 

 

1.2 Overview of Study Design 

 To evaluate seasonal variations in vitamin D status and determinants of this status, a 

cross-sectional study was conducted among premenopausal female rotating shift work nurses at 

Kingston General Hospital (KGH), in conjunction with a larger study.  Women were recruited 

beginning in April 2008 to participate in two seasonal data collections.  The first data collection 

occurred May-July 2008 and represented post-winter vitamin D levels; and, the second occurred 

October-December 2008 and represented post-summer vitamin D levels.  At each seasonal time 
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point, participants completed a questionnaire regarding determinants of vitamin D status, 

including personal, lifestyle, and dietary variables, as well as provided an eight-hour fasting blood 

sample.  Blood samples were used to quantify circulating vitamin D levels through the biomarker 

serum 25(OH)D using a radioimmunoassay.  Statistical analyses were stratified by season. 

 

1.3 Objectives 

 The primary objective of this thesis was to describe seasonal variations in vitamin D 

status and determinants of this status.  Specifically, in a population of pre-menopausal nurses, the 

objectives of this study were to: 

1. Describe the distribution of factors influencing vitamin D status. 

2. Examine the prevalence of vitamin D insufficiency, as measured through serum  

25(OH)D levels, post-winter and post-summer.  

3. Determine the seasonal variation in 25(OH)D levels within individuals and compare the  

prevalence of vitamin D insufficiency across seasons. 

4. Investigate determinants of serum 25(OH)D concentrations by season. 

 

1.4 Thesis Organization 

This thesis comprises six chapters including this introductory section.  Chapter 2 is the 

literature review, which summarizes the present state of knowledge on vitamin D metabolism, 

vitamin D’s relationship to cancer, vitamin D sufficiency status, guidelines for maintaining 

adequate levels in the body, and seasonal variations in and determinants of vitamin D status.   The 

third chapter provides a more detailed description of the methodological considerations that were 

important to this project and to the larger study to which this thesis was attached.  The fourth 
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chapter comprises the draft manuscript of this research to be submitted for publication.  It 

addresses the principal objectives of this thesis.  Chapter 5 highlights additional research results 

that were not included in the manuscript.  Specifically, it includes descriptive results and bivariate 

analyses of age and BMI with determinants of vitamin D levels, and provides information on the 

distribution of vitamin D determinants by sufficiency status, in each season.  Finally, chapter 6 

discussed the research findings and conclusions drawn, and highlights the strengths and 

weaknesses of this research, its contribution to knowledge, and its implications for future 

research. 
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Chapter 2 

Literature Review 

2.1 Biochemistry of Vitamin D 

 Vitamin D is a fat-soluble vitamin1  with five forms, D2 through D6, and a cholesterol-like 

precursor form, 7-dehydrocholesterol (7-DHC).1, 2  These five forms vary slightly in structure 

from D3 by addition of a methyl or ethyl group on the 24th carbon position.2  7-DHC is further 

differentiated by its steroidal ring structure whereas the other forms of vitamin D have an open B-

ring formation. The most common forms are vitamin D2 (ergocalciferol) and vitamin D3 

(cholecalciferol).2, 3  Figure 2.1 illustrates the structures of the principal forms of vitamin D.   

 

Figure 2.1: Chemical structures of vitamin D2 and vitamin D3. 

 Humans obtain vitamin D primarily via cutaneous synthesis from UVB radiation 

exposure, as well as from dietary sources and supplements.4-7  Vitamin D obtained from the skin 

is only of the D3 form, while both D2 and D3 can be obtained through diet and supplements.6  The 

basic metabolic pathway for vitamin D is displayed in Figure 2.2.   
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Figure 2.2: Metabolism of vitamin D from cutaneous synthesis and dietary sources. 

 Cutaneous synthesis occurs when sunlight of wavelengths of 290-315nm are absorbed by 

the skin converting 7-DHC, also known as pro-vitamin D3, to previtamin D3 (pre- D3).3, 7, 8  The 

subsequent thermally-induced isomerization of pre-D3 to vitamin D3 occurs in the basal layers of 

the epidermis and is followed by the binding of vitamin D3 to the vitamin D-binding protein 

(DBP) in the bloodstream, for the purposes of transport to the liver.6, 8, 9  In the situation of 

excessive sun exposure, excess pre-D3 and vitamin D3 is degraded into inactive photoproducts 

such as lumisterol and tachysterol.6, 8  Vitamin D acquired through the diet is absorbed in the 

intestine, brought to the bloodstream by chylomicrons, and transported to the liver via DBP.6, 8, 10  

Once in the liver, the enzyme vitamin D-25-hydroxylase converts all vitamin D to 25(OH)D, the 

major circulating form of the nutrient.2, 6-8, 10  When needed by the body, 25(OH)D can be further 

converted to 1,25-dihydroxyvitamin D (1,25(OH)2D), the hormonally active form, by the enzyme 

25(OH)D-1α-hydroxylase found in the kidneys.2, 6-8, 10  
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2.2 Vitamin D & Cancer 

Vitamin D status has been implicated in a wide variety of diseases including 

cardiovascular disease, diabetes, multiple sclerosis, osteoporosis, rickets, and many types of 

cancer.6, 8, 11-13  Recently, interest in the potential role of vitamin D in cancer prevention has 

grown,14  and research has begun to explore vitamin D as a preventative and therapeutic 

anticancer agent.10  Vitamin D deficiency, defined by low circulating levels of 25(OH)D in the 

bloodstream, is considered a risk factor for cancer development, with vitamin D status determined 

by a number of personal, lifestyle, and dietary factors which will be further discussed (Figure 

2.3).  For the purposes of this thesis, only implications of vitamin D status for cancer will be 

explored, although the research presented may have relevance to other diseases.  



Skin Synthesis 
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Figure 2.3: Some epidemiologic determinants of vitamin D cutaneous synthesis and dietary intake in association with vitamin D status and 

implications for cancer development. 
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2.2.1 Epidemiology 

In 2009, an estimated 171 000 new cancer cases and 75 300 cancer deaths will occur 

among Canadians.15  The most common cancers affecting men and women are prostate and breast 

cancer, respectively, while colorectal cancer for both genders is the second leading cause of death 

from cancer.15  Although risk factors and protective agents are varied between cancer sites, the 

impact of vitamin D on risk for these diseases has recently come to the forefront of cancer 

research.  It has long been understood that there are large geographical variations in cancer 

incidence and mortality rates, thus vitamin D was hypothesized to be of possible influence on 

these rates and subsequently 25(OH)D levels have been inversely related to latitude and 

positively related to sun exposure.13, 16, 17  Through both prospective and retrospective studies, 

levels of 25(OH)D below 20ng/mL have been shown to be associated with a 30-50% greater risk 

of development and mortality from colon, prostate, and breast cancer.6, 10   

Specifically among women, a randomized control trial with vitamin D and calcium 

supplementation found a decrease in all-cancer risk with improved vitamin D status.18  With 

respect to breast and colon cancers specifically, several studies have examined relationships with 

circulating 25(OH) D levels.  Two breast cancer case-control studies found significantly lower 

25(OH)D concentrations among cases compared to controls and that risk for breast cancer was 

greatest for women in the lowest 25(OH)D group compared to those in the highest.19, 20  A pooled 

analysis of these two studies by Garland and colleagues found that there was a 50% lower risk for 

breast cancer among those with 25(OH)D levels of 52ng/mL compared to those with <13ng/mL.21   

More recently, a German study found a significant inverse relationship between 25(OH)D 

concentrations and premenopausal breast cancer risk.22   For colorectal cancer, Feskanich and 

colleagues reported a significant inverse linear association between 25(OH)D levels and risk for 

this disease specifically among women,23  while Braun and colleagues found only a marginally 

significant lower risk for colon cancer among men and women with 25(OH)D levels ≥20ng/mL.24   
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A meta-analysis conducted in 2008 included seven studies of circulating 25(OH)D levels in 

relation to colon cancer and found a 30% decreased risk with high versus low levels.25  

2.2.2 Relevant Exposure Time Window 

 Very little is known about the biologically relevant exposure time window for vitamin D 

exposure in reference to cancer development.  Cancer is understood to be a long-latency disease 

with exposure to risk factors occurring many years prior to development of the disease,17  

therefore it is plausible that vitamin D exposure at earlier life-stages have the greatest 

implications for cancer later in life.  In the context of the premenopausal women in this study, it is 

likely that vitamin D exposure in this group is relevant to cancer; however, there has been 

conflicting evidence as to which age groups are most important.  Two studies published from 

Nurses Health Study (NHS) cohort data reporting an inverse relationship between 25(OH)D and 

breast and colon cancer risk both collected blood samples a maximum of 11 years prior to cancer 

development.19, 23  In the NHS breast cancer study, women 60 years of age or older with low 

levels of measured 25(OH)D were at highest risk for disease.19  However, a few studies have also 

reported greater protective effects of increased 25(OH)D levels and higher vitamin D intake for 

premenopausal breast cancer development.22, 26   Knight and colleagues found breast cancer cases 

had significantly lower frequency of vitamin D-related exposures, such as outdoor activities and 

cod liver oil consumption, between ages 10-19.27   Similar exposure patterns were also found in 

the 20-29 age group but associations were weaker further supporting that research into the 

etiologically relevant vitamin D exposure time window for cancer is still inconclusive. 

2.2.3 Biological Mechanism 

 The possible mechanism for the protective effect of vitamin D on cancer development 

has been previously described.  1,25(OH)2D is the vitamin D metabolite thought to exert a 

protective effect on cancer risk.  One plausible mechanism is through expression of the extra-

renal 1α-hydroxylase enzyme required for conversion of vitamin D in breast, prostate, colon, and 
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other human tissues from the major circulating form to the active form.6, 7, 28  1,25(OH)2D is 

therefore thought to act locally on these tissues through binding to the vitamin D receptor (VDR) 

to induce transcription of a variety of genes that regulate cell proliferation and differentiation 

through enhanced communication at intercellular junctions.2, 6, 7, 10, 13, 14, 28, 29  Evidence also 

suggests that through the same mechanism 1,25(OH)2D can induce apoptosis and inhibit 

angiogenesis if local cells become malignant.2, 6, 10, 14  However, once it has exerted its effect, 

1,25(OH)2D is not released into circulation for action on other tissues, but is degraded.6, 7  Non-

genomic actions of vitamin D have also been described.2, 10  Vitamin D is known to down-regulate 

parathyroid hormone (PTH), which has been associated with cancer cell growth.30  

 

2.3 Vitamin D Status 

2.3.1 Defining Vitamin Sufficiency Levels 

 Complete consensus as to the normal range of vitamin D in the body does not yet exist.31  

This is mainly due to the large number of determinants of vitamin D status, the wide range of 

health consequences of vitamin D deficiency, and the variability both within and between 

laboratories measuring 25(OH)D levels.29, 32, 33  Optimal serum 25(OH)D levels have been argued 

by some to correlate with minimal serum PTH concentrations while other researchers have been 

in favor of using more direct functional outcomes, such as calcium absorption or bone mineral 

density, as a measure for vitamin D adequacy.34  Studies have demonstrated an inverse 

relationship between 25(OH)D concentrations and PTH levels as this hormone stimulates renal 

production of 1,25(OH)2D, increasing calcium absorption6, 35 and is the most sensitive indicator of 

vitamin D deficiency.36  

Based on research considering these pathways, the majority of researchers now agree that 

vitamin D deficiency should be defined by serum 25(OH)D levels of <10ng/mL  
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(25nmol/L),6, 7, 35, 37  and insufficiency by levels 10-30ng/mL (25-75nmol/L)7, 37, 38  Ideally, the 

recommended level of serum 25(OH)D is >30ng/mL, however, an upper limit of >100ng/mL 

(250nmol/L) has been suggested before vitamin D toxicity occurs.6, 7, 37-39  Although, the clinical 

symptoms of vitamin D toxicity, such as hypercalcemia, tend not to present until circulating 

25(OH)D levels reach 250ng/mL (100nmol/L).39  While there are no immediate effects of not 

maintaining sufficient vitamin D levels in one day, when circulating levels of 25(OH)D become 

chronically deficient, acute symptoms of vitamin D deficiency can present as deep bone and 

muscle pain, poor bone mineralization, decreased calcium and phosphate absorption, and 

secondary hyperparathyroidism.6, 40  

2.3.2 Prevalence of Vitamin D Insufficiency & Deficiency 

 Most vitamin D sufficiency studies focus on elderly populations with little attention being 

paid to younger adults.  There have been only a couple of descriptive studies conducted in 

Canada and the northern US examining the prevalence of vitamin D deficiency and insufficiency.  

One study conducted in women age 18-35 in Toronto, Ontario (43ºN) found a prevalence of 

vitamin D insufficiency (defined by serum 25(OH)D levels <15ng/mL) of 20-28% in white 

women between December and April.41  A study conducted in Calgary, Alberta (51ºN) among 

Canadians over age 25, using the same definition of insufficiency, found 34% of participants had 

insufficient levels in at least one of the four seasonal sampling periods.4  A study in Boston 

(42ºN) reported the prevalence of insufficiency (25(OH)D <20ng/mL) at approximately 36%.42  

Gozdzik and colleagues found that almost 75% of subjects had serum 25(OH)D concentrations 

<20ng/mL in a study conducted in Toronto in winter amongst young adults.43  A study in Maine 

among women 19-35 years old found 38% of participants had serum 25(OH)D levels 

<20ng/mL.44  In African American women 15-49 years old, Nesby-O’Dell described a prevalence 

of vitamin D deficiency of 42% compared to 4% in white women.45  Therefore, previous studies 

have consistently shown that the prevalence of vitamin D insufficiency is high among healthy 
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young adults and that enough evidence exists to recognize vitamin D deficiency as a major health 

issue among women of childbearing age.36  

 These studies, however, are limited in several ways and therefore should be interpreted 

with caution.  One of the major limitations affecting several of these studies was the 

generalizablility of the results to the general population due to age restrictions placed on the study 

population, as well as to the low variability in ethnicity amongst recruited participants.4, 42, 44  

Volunteer bias was also likely present in a few of these studies.4, 41-43   The study by Nelson and 

colleagues was further subject to limitation as compliance with supplement treatments could not 

accurately be assessed.44  A few of the investigations did not capture information on all potential 

determinants of vitamin D and thus could not account for all the variability in vitamin D levels 

due to missing factors.41, 42, 45  

 

2.4 Guidelines for Maintenance of Adequate Vitamin D Levels 

2.4.1 Dietary Guidelines 

 In 1997, Canadian and American governmental agencies collaborated to establish DRI 

values, which include adequate intake (AI) of vitamin D and tolerable upper limit (UL) values.1  

The AI values established assume that cutaneous synthesis is not occurring due to the absence of 

sun exposure.34  According to guidelines from both Health Canada and the National Institutes of 

Health Office of Dietary Supplements, for both females and males, an AI of 200 IU/day 

(5μg/day) is recommended for ages 0-50, an AI of 400 IU/day (10μg/day) for ages 51-70, and an 

AI of 600 IU/day (15μg/day) for those over 70 years of age.34, 46, 47  The tolerable UL is 2000 

IU/day (50μg/day) for all age groups,34, 46, 47  with the exception of infants up to 1 year old who 

are recommended to stay below 1000 IU/day (25μg/day).46  These guidelines continue to be used 

in both countries; however, they will be updated in 2010.  Expectations are that DRI values will 
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increase due to the large body of evidence suggesting that these recommendations are inadequate 

for maintaining currently accepted levels of 25(OH)D associated with vitamin D sufficiency. 

2.4.2 Sun Exposure Guidelines 

Specific guidelines outlining safe amounts of sun exposure are not in place in Canada or 

the US.  This is mainly due to the number of factors influencing skin synthesis, including age and 

skin pigmentation (Figure 2.3).  Nevertheless, both the Canadian Cancer Society and the Centers 

for Disease Control and Prevention do suggest methods for protection from the damaging effects 

of UV exposure.48, 49  These include reducing sun exposure at peak hours of the day (10AM-4PM) 

or when the UV index is above 3, seeking shade, using sunscreens of SPF 15 or higher, wearing 

protective clothing, and avoiding the use of tanning equipment.48, 49  However, these suggestions 

have not prevented the Canadian Cancer Society from suggesting that Canadians would benefit 

health-wise from a few minutes of daily unprotected sun exposure in summer months.50   

It is difficult to infer equivalent doses of vitamin D from sun exposure compared to 

dietary consumption, as there are numerous factors influencing cutaneous synthesis.  These 

include the amount of UV radiation reaching the surface of the earth each day, the thickness of 

ozone through UV rays must travel, the solar zenith angle which is dependent on the latitude, 

season, and time of day, as well as on an individual’s characteristics such as skin pigmentation, 

sunscreen use, and time spent outside.51, 52  Studies have demonstrated that whole-body exposure 

to one erythemal dose of UVB in the average fair-skinned person (skin type II or III),53  causing 

slight pinkness in the skin, is approximately equivalent to orally consuming 10 000-25 000IU 

(250-625μg) of vitamin D.3, 52, 54  Researchers agree that a minimum of 1000IU is required daily 

to satisfy the body’s need for vitamin D and to maintain blood levels of 25(OH)D ≥30ng/mL,55, 56  

but other estimates suggest the body needs between 3000 and 5000IU per day.57  An adequate 

amount of vitamin D can be obtained with exposure of the hands, face, and arms or simply of the 
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arms and legs to 25% of a minimum erythemal dose, defined as 5-15 minutes of sun exposure 

between 11AM and 2PM.50, 53, 58  

 

2.5 Biomarkers of Vitamin D Status 

 Although individual assessments of the amount of vitamin D2 and D3 can be performed, 

vitamin D status is usually quantified in terms of total vitamin D metabolite concentration.32  

Upwards of 50 different vitamin D metabolites have been identified, however, 25(OH)D and 

1,25(OH)2D have been the focus of assay methods for quantifying this nutrient.32  25(OH)D is the 

major form of vitamin D circulating in the body and is the primary metabolite measured to define 

vitamin D status.9, 11, 38  This form represents vitamin D obtained collectively through dietary 

intake and cutaneous synthesis from sun exposure.11  The hormonal form 1,25(OH)2D facilitates 

the metabolic action of vitamin D.39  

 Half-life is one of the most important factors for determining the most appropriate 

metabolite for measuring vitamin D status.  Vitamin D itself has a half-life of about 24 hours in 

plasma,59 though in the body its half-life is in the order of 2 months.39  Circulating 1,25(OH)2D 

has a half-life of about four to six hours,37  while 25(OH)D circulating has the longest plasma 

half-life at about three weeks.37, 39  The difference between the half-lives of these metabolites 

results in 1000-fold greater levels of circulating 25(OH)D compared to 1,25(OH)2D.37    

The regulation of levels of these metabolites is also important to consider.  As circulating 

25(OH)D levels drop, PTH levels rise, which in turn increases levels of 1,25(OH)2D, which 

further down-regulates 1,25(OH)2D synthesis.37  The production of 25(OH)D is indirectly 

dependent on the availability of the substrate 7-DHC in the skin.32  In this way, levels of 

1,25(OH)2D are subject to tight regulation by other hormones affecting calcium homeostasis, 

whereas 25(OH)D levels are not.  Thus, measurement of serum 25(OH)D is the most clinically 

useful quantification of vitamin D status.32  
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2.6 Quantification of 25(OH)D 

Currently, several methods for quantifying 25(OH)D exist, each with their own 

advantages and disadvantages.  The three most common will be described here but additional 

methods are available such as enzyme-linked immunosorbent assays (ELISA) and 

chemiluminescent 25(OH)D assays.32  In 1971, the competitive protein-binding assay (CPBA) 

became the first measurement tool for quantifying 25(OH)D and is still used occasionally for 

laboratory-based research.32, 37, 60  Its advantage is in the use of DBP as the binding agent, which is 

able to recognize both D2 and D3 equally.37  However, the CPBA has reduced validity because it 

involves a complex purification step, is limited by the formation of lipid matrices that prevent 

DBP from associating with 25(OH)D, and is sensitive to interference from the polar metabolites 

of vitamin D.37, 60    

In 1985, the radioimmunoassay (RIA) was developed to measure total 25(OH)D in blood 

using an antigen to generate an antibody co-specific for 25(OH)D2 and 25(OH)D3.37, 60  Like the 

CPBA, RIA’s have a slight tendency to overestimate 25(OH)D levels due to inability to 

differentiate the polar metabolites; however, these make a relatively small contribution to the 

overall 25(OH)D measure (<6%).32, 37, 60  Several factors made this technique a preferred method 

of quantification of 25(OH)D for several decades, including elimination of the CPBA purification 

step and increased sensitivity due to use of the 125I-25(OH)D antibody. As a result, this technique 

became the first test clinically approved for vitamin D diagnostics.32, 37, 60, 61    

Finally, the technique considered to be the gold standard and most accurate at measuring 

25(OH)D is the highly sensitive liquid chromatography-tandem mass spectrometry (LC-

MS/MS).32, 62  This method quantifies 25(OH)D2 and 25(OH)D3 separately and is often used to 

validate the results of other methods.32, 60  The drawbacks of the LC-MS/MS method are its high 

costs, its lower throughput compared to other assays, and its inability to distinguish 25(OH)D3 

from the inactive isomer 3-epi-25(OH)D3, found in pediatric samples.60  
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2.7 Seasonal Variation in Vitamin D Levels 

One of the most influential environmental factors affecting vitamin D synthesis in the 

epidermis is season, which has been strongly linked to variations in 25(OH)D levels.63  As the 

pattern and duration of seasons is inherently linked to geography, latitude is also an important 

determinant of vitamin D status.  The solar zenith angle, which is the angle between the sun’s 

position in the sky and the vertical from a designated point on the ground, changes with latitude 

and season influencing UV radiation.64  Small solar zenith angles are associated with low 

latitudes, high UV, summer, and noon hour; large angles are linked to high latitudes, lower UV, 

winter, and early morning/late afternoon.64  The term “vitamin D winter” was coined to describe 

the period of time, varying by latitude, where solar UV radiation is insufficient thus restricting 

cutaneous synthesis.65  In 2005, Engelsen and colleagues described the duration of the vitamin D 

winter at a number of latitudes; through modeling techniques, latitudes above 51°N were 

highlighted as locations at which cutaneous synthesis of vitamin D would not occur during winter 

months.65  More recently, this latitudinal cut-off has been lowered as research has demonstrated 

that vitamin D synthesis is actually inhibited at latitudes above 40ºN from October through 

March.66  Kingston, Ontario fits within this range as it is situated at 44ºN latitude.  

Studies have clearly demonstrated a seasonal cycling of vitamin D status whereby 

maximum vitamin D levels are reached in the late summer, and minimums are reached in late 

winter when vitamin D stores become depleted and sun exposure does not yet elicit cutaneous 

vitamin D production.64  A lag-time of approximately 6-8 weeks has been demonstrated between 

peak UVB exposure in mid-summer and peak 25(OH)D reflected in blood in early fall.67  Since 

90-100% of vitamin D comes from sun exposure54  the principal way to avoid insufficiency in 

winter is to ensure maximal synthesis of vitamin D in summer to build large reserves for 

maintenance of vitamin D levels throughout winter.  In a study conducted in an elderly population 

in Montreal, Quebec (45ºN), a decrease in vitamin D concentrations at the end of March and a 

significant recovery of levels by December were observed.68  Several participants had insufficient 
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vitamin D status in the winter, but none were deficient in summer.68  These findings illustrate the 

physiology of vitamin D storage whereby vitamin D in fat stores are depleted by the end of the 

winter and replenished after high sun exposure throughout summer.68    

Another study conducted in Edmonton, Alberta (52ºN) demonstrated that vitamin D 

production halted between mid-October and mid-April, representing the “vitamin D winter”.52  

This study illustrated the impact of time of day within seasons on vitamin D synthesis: in July, 

conversion of 7-DHC to pre-D3 occurred as early as 7AM and as late as 5PM, whereas in the 

spring and fall, synthesis was between 10AM and 3PM.52  

 

2.8 Personal Characteristics as Determinants of Vitamin D Status 

2.8.1 Age 

Most attributes of an individual that are relevant to vitamin D status, such as age and skin 

pigmentation, are regarded as non-modifiable factors.54, 69  Research has demonstrated a reduced 

capacity for cutaneous vitamin D synthesis as people age, thereby leading to 25(OH)D 

deficiency.69, 70  A study conducted by MacLaughlin and Holick showed a two-fold decrease in 

the skin’s synthetic capacity for vitamin D among seniors compared to children.71  A reduction in 

the concentrations of 7-DHC in the epidermis with increasing age mediates this effect on vitamin 

D status.12, 51, 52, 64, 71, 72  The highest concentrations of 7-DHC are found in the stratum basale and 

stratum spinosum of the epidermis, thus these layers have the greatest capacity for vitamin D3 

production.9  An age-dependent decrease in 7-DHC in the stratum basale has been demonstrated 

to follow that seen in the epidermis as a whole.71    

2.8.2 Skin Pigmentation & Ethnicity 

Like age, skin pigmentation also limits production of vitamin D in the skin as melanin 

blocks UVB radiation from reaching 7-DHC. 3, 5, 51  53, 64, 73 Melanin acts as a filter competing for 

UVB rays in the same range as 7-DHC and thus determines how much UVB penetrates the 
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stratum basale and stratum spinosum to permit vitamin D production.9, 51, 74  In studies where skin 

pigmentation is measured by an objective instrument, darker skin types show reduced 25(OH)D 

concentrations compared to lighter ones, for a given amount of UVB exposure.3, 51, 73  These 

methods of objectively measuring skin pigmentation are done through reflectance colorimetry 

where a colorimeter is used to quantify the skin reflectance of light; higher values indicate lighter 

skin tones with less UV-absorbing melanin.3, 73  Numerous studies have found Caucasians to have 

significantly higher levels of 25(OH)D compared to non-Caucasians.43, 45, 54, 64, 69, 73  From an 

evolutionary standpoint, gradients of skin pigmentation across different races are understood to 

be a function of the geographical origins of their indigenous people.12, 64  Fair-skinned people 

originated from higher latitudes where pale skin helped them maximize the use of the limited 

UVB available for vitamin D synthesis.54, 64  Dark-skinned people originated from areas with high 

sun exposure, thus pigmentation was developed to protect skin from damage as vitamin D could 

be easily made given the intensity of UVB.54, 64  

2.8.3 BMI 

 Obesity is associated with disruption of the vitamin D-endocrine system.75-77  Research 

has demonstrated that high BMI,44, 70, 75, 76, 78, 79  large waist circumference,78  and increased 

number of skin folds78  are significantly associated with reduced 25(OH)D levels.  Percent total 

body fat (%TBF) has also been inversely related to serum 25(OH)D levels.44, 76  In addition, 

increases in PTH and 1,25(OH)2D have been observed among obese individuals,75-79  further 

substantiating the evidence that measures of body fat content are important determinants of 

vitamin D levels. 

There are several mechanisms that have been proposed to explain the inverse association 

between BMI and 25(OH)D concentrations.  Studies in rats have demonstrated that radiolabelled 

vitamin D is absorbed and stored in adipose tissue.80  Thus, as individuals with high BMI have 

larger pools of fat stores and greater number of chylomicrons transporting dietary vitamin D 
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around the body, they have greater potential for sequestration of fat-soluble vitamin D in adipose 

tissue.76-79  Obese individuals are also likely have reduced sun exposure due to limited mobility 

and greater clothing coverage.76, 78  Finally, a negative feedback system has been proposed 

whereby obese individuals have enhanced production of 1,25(OH)2D and increased PTH levels, 

which act indirectly to reduce 25(OH)D synthesis in the liver.76, 79   

 

2.9 UVB Exposure Determinants of Vitamin D Status 

2.9.1 Sunscreen Use 

All factors that alter the amount of UVB that penetrates the skin influence cutaneous 

vitamin D production.  Amount of time spent outdoors in a given season is the principal 

behavioral determinant of vitamin D levels, but is subject to influence by other variables.  The 

amount of vitamin D synthesized is a function of the dose of UVB obtained.64  The two main 

methods for protecting skin from UV radiation damage are sunscreen use and clothing cover.64  

With proper usage, sunscreen protects the skin by absorbing UVB and some UVA radiation 

before it enters the skin.12  Thus, sunscreen diminishes vitamin D production by reducing the 

UVB rays reaching the 7-DHC in epidermal cells.12  Studies have demonstrated that skin 

coverage with sunscreen of sun protection factor (SPF) 15 or SPF 8 reduces vitamin D synthesis 

by >99% and >95%, respectively.8, 12, 64  Chronic use of sunscreens has been linked to vitamin 

insufficiency and deficiency.52   

2.9.2 Clothing Coverage 

Epidemiological studies have also been conducted to assess the impact of clothing on 

cutaneous vitamin D synthesis.  In general, most clothing absorbs UVB rays to some degree 

thereby inhibiting vitamin D production.  The nature of the fabric texture, structure, and type of 

weave having been found to affect the SPF of the clothing.81  A study testing white and black 

cotton, wool, and polyester clothing and found no increase in vitamin D after sun exposure for 40 
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minutes.81  Another study demonstrated a high prevalence of below normal vitamin D levels 

among Saudi Arabian women who practiced complete skin coverage with clothing.52  Clothing 

protection from UVB has been shown to vary up to 1000-fold with darker colours and tighter 

weaves of fabric having the greatest potential for UVB protection.82  Like sunscreen use, 

extensive clothing coverage can contribute to vitamin D insufficiency and deficiency.81  

2.9.3 Environmental Factors 

In addition to season and latitude, other environmental factors play a role in cutaneous 

vitamin D synthesis.  High levels of cloud coverage, of air pollutants such as aerosols, and of 

ozone thickness all inhibit synthesis.3, 5, 52, 64, 65  Even at the equator, the duration of vitamin D 

synthesis can be completely suppressed in the presence of one or more of these environmental 

factors.65  The depletion of the ozone layer permits greater UVB ray transmission as there is less 

ozone available to absorb the rays.52  Similarly, at high altitudes vitamin D production is 

enhanced as there is less ozone to absorb the UVB radiation.55    

2.9.4 Tanning Beds 

Sunlight is not the only source of UVB radiation.  The UV radiation emitted by tanning 

beds is primarily of the UVA spectrum but also provides 2-6% UVB radiation, thus stimulating 

some cutaneous vitamin D synthesis.6  As the UV radiation emitted by tanning beds is similar to 

solar emissions, this method of exposure is falsely considered a safer method of tanning than 

being outdoors.83  Epidemiological evidence suggests that there is a relationship between tanning 

bed exposure and cutaneous malignant melanoma.83, 84  Similar to sun exposure, the effects of 

UVB radiation from tanning beds are varied depending on individual characteristics, thus proper 

guidelines for the use of tanning equipment are not very specific.  Health Canada has published a 

brief summary document for owners, operators, and users of tanning beds.85  

A few studies conducted in both Canada and the northern US have found the prevalence 

of tanning bed use to be high (11-20% in young adults):  this source of UVB exposure has 
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important implications for cutaneous vitamin D synthesis.83, 86  A few studies have found exposure 

to tanning beds, particularly in winter when solar radiation is inadequate, improves vitamin D 

status.66, 87  One of these studies noted that those who used a tanning bed at least once a week had 

a 90% higher serum 25(OH)D concentration than those who did not use tanning beds at all.87  

Tanning beds, as a method of improving the vitamin D status of those suffering from fat 

malabsorption syndromes such as Chron’s disease, have also been observed to increase serum 

25(OH)D levels after only 4 weeks of use.88  The general use of tanning beds, however, is 

controversial due to the extensive body of literature associating tanning bed usage with risk of 

skin cancers, among other dermatological issues.53  

2.9.5 Sun Vacations 

Winter sun vacations can boost vitamin D status for those who are insufficient and living 

at latitudes where UVB radiation is too weak to permit synthesis at that time of year.  Results 

from a study conducted among Swedish women found a 16% increase in serum 25(OH)D levels 

in those who had taken a sun vacation in the past 6 months compared to those who had not.89  For 

the purposes of this thesis, sun vacations refer to travel to southern latitudes ranging between 

about 30ºN and 30ºS. 

 

2.10 Dietary Determinants of Vitamin D Status 

2.10.1 Natural & Fortified Foods 

 Few foods naturally contain vitamin D.90, 91  Organ meats can be high in vitamin D, and 

mushrooms and eggs have variable content.1  This nutrient is most abundantly found in fish liver 

oils and in fatty fish such as herring, mackerel, and salmon.66, 90  A reported 360IU of vitamin D is 

obtained per serving of salmon, and approximately 200IU per serving of tuna.92  There are also 

several foods that are fortified with vitamin D.  In Canada, milk for consumption and milk 

products such as powdered milk are fortified with levels of about 0.3μg/100g.90  Milk provides 
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about 100IU of vitamin D per glass.92, 93  All margarines are also fortified at 0.25-0.75μg/100g.90  

Other fortified products with variable vitamin D content include cereals, breads, and orange 

juice.1, 91  Industrial milk, used in the production of dairy products such as sour cream, is generally 

not vitamin D-fortified.1, 91  It should be noted that food fortification with vitamin D was 

originally designed to eliminate rickets and not to optimize vitamin D levels for other functions.  

Even with the mandatory fortification of food products, most diets are low in vitamin D 

and many products are underfortified.64, 91  Current research is now focused on improving 

fortification and extending this to other food items.  One study found that fortifying hard cheeses 

with vitamin D significantly improved serum 25(OH)D levels in those consuming this product, 

and that the bioavailability of vitamin D from this source was identical to that in supplements.91    

2.10.2 Vitamin D Supplements 

Numerous studies worldwide have demonstrated that vitamin D supplementation 

increases serum 25(OH)D levels.90  A dose-response relationship has been observed where serum 

25(OH)D concentrations increase with higher supplement doses, however, dose was inversely 

related to baseline 25(OH)D levels.94  Research on supplementation has demonstrated an average 

increase of 12.4ng/mL in 25(OH)D when 10μg vitamin D doses are administered daily.94  The use 

of multivitamins containing vitamin D has been inversely related to insufficiency.42  Holvik and 

colleagues found no significant difference in the mean increase in serum 25(OH)D levels 

regardless of supplementation with fish oil capsules or multivitamins.94  Studies looking at the 

prevalence of vitamin D insufficiency have provided support for increased supplementation, 

especially in older adults.4  Vitamin D3 supplements have been shown to be more effective in 

raising blood levels of vitamin D than D2 supplements.95  A study conducted by Yendt and 

colleagues has further documented this difference in bioequivalency in osteopenic women in 

Kingston, Ontario.96  Recently, a study conducted among premenopausal women found that daily 

use of D3 supplements (20μg) lead to optimal vitamin D status in winter in 80% of the study 
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participants.44  Others claim that differences in biopotency are eliminated when vitamin D2 and D3 

are provided in combination daily.97  

2.10.3 Fat Malabsorption 

It is possible for dietary intake not to influence blood 25(OH)D levels.  The  

absorption of vitamin D, as with other fat-soluble nutrients, is dependent on healthy lipid 

uptake.88  In those people with problems of fat malabsorption such as with Crohn’s disease, 

Celiac Sprue disease, or issues of short or inflamed bowels, proper absorption of vitamin D 

acquired orally does not occur.55, 88, 98  In addition, many of these patients tend to avoid dairy 

products that may be fortified with vitamin D, altogether.88  

 

2.11 Factors Influencing Catabolism of Vitamin D 

Although not considered in detail in this thesis, there are also several factors that regulate 

catabolism of vitamin D in the body mainly through the conversion of 25(OH)D to 1,25(OH)2D 

in the kidneys.  Serum levels of PTH, phosphate, calcium, and fibroblast growth factor 23 (FGF-

23) all regulate the production of 1,25(OH)2D through their effect on 25(OH)D-1α-hydroxylase, 

the enzyme that converts 25(OH)D to its biologically active form (Figure 2.2).6  Circulating 

phosphate levels are regulated by FGF-23 such that high phosphate suppresses the hydroxylase 

enzyme to decrease 25(OH)D catabolism, while reduced levels of FGF-23 stimulate 1,25(OH)2D 

formation.99-101  1,25(OH)2D itself is also known to down-regulate its own synthesis by a negative 

feedback mechanism and by decreasing PTH concentrations, which acts to increase circulating 

calcium levels and ultimately halt 25(OH)D catabolism.6  There are also a number of drugs such 

as anticonvulsants, glucocorticoids, and antiretrovirals that increase vitamin D catabolism.6    
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2.12 Summary of Rationale 

Insufficient circulating 25(OH)D levels have been associated with a 30-50% increase in 

cancer risk, particularly for breast and colon cancers in women.6, 12, 21, 25  However, the 

etiologically relevant time window for low vitamin D exposure is not well understood as there 

has been a lack of consistency in the findings of studies examining vitamin D exposures at 

different ages.19, 22, 23, 26, 27  The long latency between exposures and cancer development provide 

rationale for research to focus on vitamin D exposures in premenopausal women as a risk factor 

for postmenopausal cancer development.   

Recent studies have also illustrated a high prevalence of vitamin D insufficiency in 

several different populations and at various latitudes.4, 41-45  Although only a few of these studies 

focus principally on women of childbearing age, the evidence from them is sufficient to consider 

vitamin D deficiency as a substantial health issue among premenopausal women.36  Studies that 

have examined significant determinants of 25(OH)D levels have been variable in their results 

showing that number of different factors, including supplement use, tanning bed use, and 

consumption of low-fat dairy foods, are predictive of higher 25(OH)D levels.63, 87, 89, 102, 103  

However, only one of these studies has compared vitamin D status at multiple time points 

representing the annual minimums and maximums in 25(OH)D levels or compared determinants 

of vitamin D levels accordingly.103  Further research investigating seasonal fluctuations in vitamin 

D levels and determinants, particularly among premenopausal women, is needed in order to 

understand when vitamin D insufficiency occurs, what factors influence this status most, and how 

these levels might be implicated for long-latency diseases like cancer. 
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Chapter 3 

Methods 

3.1 Objectives 

The overall objective of this thesis was to describe seasonal variations in vitamin D status 

and the determinants of this status.  In a population of premenopausal nurses, the specific 

objectives of this study were to: 

1. Describe the distribution of factors influencing vitamin D levels. 

2. Determine the prevalence of vitamin D insufficiency, as measured through serum 

25(OH)D levels, post-winter and post-summer. 

3. Examine the seasonal variation in 25(OH)D levels within individuals and compare the 

prevalence of vitamin D insufficiency across seasons. 

4. Investigate determinants of serum 25(OH)D concentrations by season. 

To address these questions a cross-sectional study of these nurses working at KGH was 

undertaken in conjunction with a larger study funded by the Ontario Workplace Safety and 

Insurance Board (WSIB). 

 

3.2 Hypothesis 

 The hypothesis for this thesis was that there would be a statistically significant difference 

in the mean serum 25(OH)D concentrations between seasons.  It was also expected that the 

prevalence of vitamin D insufficiency would be high post-winter (around a quarter of nurses) but 

that post-summer very few, if any, of the participants would be vitamin D insufficient.   
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3.3 WSIB Study 

3.3.1 Study Population 

The purpose of the WSIB study was to determine the association between light at night, 

physical activity, and other determinants of melatonin levels among rotating shift work nurses.  

The study used cross-sectional data from sixty-four female nurses who worked rotating shifts at 

KGH for at least one year prior to enrolment in the study.  The standard pattern of shift rotation at 

KGH is two 12-hour days (7AM – 7PM), then two 12-hour nights (7PM – 7AM), followed by 

five days off.  Nurses meeting these inclusion criteria were recruited between April and July 2008 

via advertisements displayed throughout the hospital, notices delivered to specific nursing floors 

of the hospital, information booths held in the cafeteria over lunchtime hours, and information 

sessions directed by the principal investigator of the WSIB study, Dr. Kristan Aronson.  Although 

the WSIB study considered both pre- and post-menopausal women, only those who were 

premenopausal were asked to provide a blood sample due to budgetary constraints.  Nurses were 

asked to self-exclude if they used melatonin supplements or had been pregnant or lactating in the 

past 6 months.  These inclusion and exclusion criteria were implicated in order to maintain a 

uniform population in terms of the type of shift-work the nurses perform (full-time versus part-

time) and to restrict the influence of factors known to influence melatonin levels (e.g. pregnancy).  

Nurses were the target population due to the hypothesized impact of the rotating shift work 

pattern on exposure to light at night and subsequent alteration in melatonin levels resulting in a 

possible predisposition for breast cancer development among these women. 

3.3.2 Data Collection 

The data collection periods for the WSIB study were conducted over 2 years, 2008 and 

2009.  In 2008 the nurses recruited participated at two time points, May-July 2008 and October-

December 2008.  The group of nurses recruited to participate in 2009 did so between January-

March 2009 and again between May-July 2009.  The 2009 nurses were independent from those 
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who participated in 2008 and not included in this thesis.  The two annual collection periods for 

each group of nurses were scheduled to approximate winter and summer seasons according to the 

winter and summer solstices.  At each seasonal data collection nurses participated on one day and 

one night shift.  Nurses were randomly assigned to commence study participation on either their 

day or night shift and data collection occurred over 48-hours starting at the beginning of their 

shift (Figure 3.1). 

  Winter 2008                      Summer 2008 
 
  Day Shift Nurses*             Night                      Day*              Night 
 
  Night Shift Nurses             Day*                      Night              Day*                                       
  

Figure 3.1: Data collection (2008) timeline for WSIB study.  Asteriks (*) denotes time when 

blood sample was given by premenopausal nurses.  

Several forms of data were collected from each participant.  Firstly, all nurses were 

required to complete a short questionnaire recording personal characteristics such as date of birth, 

weight, height, smoking history, and alcohol use.  During the 48-hours of participation subjects 

completed a one-day diary recording physical activity, sleeping habits, and other covariates; wore 

a light meter to record ambient light exposures; and provided urine and saliva samples for 

measurement of melatonin metabolites.  Women who defined themselves as premenopausal were 

asked to provide an eight-hour fasting blood sample when participating on their day shift.  Each 

of these elements was collected from every subject at each of the seasonal time points (Figure 

3.1). 

Participants were assigned anonymized study identification numbers so to ensure 

confidentiality of the information collected.  Questionnaires were stored in a locked filing cabinet 

and biological samples were labeled with study identification numbers only.  Only three members 

of the WSIB study team, including the Project Coordinator, had access to all information 

including the study identification number key. 
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3.4 Vitamin D Study 

For in-depth details refer to the explanations above on the larger WSIB-funded study to 

which this thesis is attached.   

3.4.1 Study Population 

 This project used the cross-sectional information collected from premenopausal nurses 

enrolled in the larger WSIB study who met the inclusion and exclusion criteria and who provided 

informed consent for all parts of data collection.  This sample of convenience was used due to the 

timing of study commencement, the availability of information and blood samples, and the 

feasibility for a two-year Master’s program.  The inclusion and exclusion criteria for the larger 

study were not of importance for this project.  Although the WSIB study considers both pre- and 

post-menopausal women, for financial reasons only those who were premenopausal provided a 

blood sample and as such were included in this project. 

A total of forty-nine premenopausal nurses were recruited and provided full consent for 

the 2008 data collections.  Two nurses were lost to follow-up for both seasons.  For the post-

winter data collection, serum samples for three nurses were lost and thus these subjects were 

excluded from the analysis.  A total of forty-three participants had complete information and were 

included in this analysis, a response rate of 87.8%.  For the post-summer data collection, one 

nurse moved to part-time status, one became pregnant, four withdrew from the study, and two did 

not give their serum samples on time to be included in the analysis.  Consequently, thirty-eight 

nurses were included in this analysis, a response rate of 77.6%.  The principal reason for 

participants withdrawing from the study was the large time commitment required due to the 

onerous nature of biological sample collection for the WSIB study, coupled with the nurses’ 

workload. 
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3.4.2 Data Collection 

For this thesis, only the 2008 data collection of the larger WSIB study was considered 

due to time restraints.  In an attempt to capture the seasonal minimum and maximum vitamin D 

concentrations in the body reached in late winter and late summer due to the 6-8 week lag period 

between peak exposures and reflected changes in circulating vitamin D levels, the May-July 2008 

collection period was designated to represent post-winter data and the October-December 2008 

period represented post-summer data.1-4  

At both time points, all participants completed a vitamin D-specific questionnaire seeking 

information on diet and lifestyle-related sources of vitamin D that may determine serum vitamin 

D status.  All consenting participants completed these questionnaires at the commencement of the 

collection periods with the exception of two individuals in each season for which one had a full 

questionnaire and one had a dietary section sent to them a second time as they were not initially 

completed and submitted.   

Nurses providing blood samples did so on the second of their consecutive day shifts.  The 

eight-hour fasting blood samples were collected in 3.5mL serum separator tubes so that serum for 

vitamin D analysis could be isolated, separated into 100μL aliquots, and stored in the dark in a     

-80 ºC freezer until the laboratory analyses were conducted.  Those tubes with serum designated 

for vitamin D analysis were wrapped in aluminum foil until they could be aliquoted in order to 

protect the 25(OH)D present in the samples from light degradation.  Serum analysis for the winter 

samples was performed in a single batch on October 1st, 2008.  Summer samples were also 

analyzed in a single batch on February 6th, 2009. 

 

3.5 Vitamin D Measurement 

The main outcome of interest in this thesis was vitamin D status, determined objectively 

from measurements of serum 25(OH)D concentrations, post-winter and post-summer.  Serum 
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25(OH)D concentrations were measured using the DiaSorin 25(OH)D RIA, the most widely used 

assay for this purpose and the first clinically approved test for vitamin D status diagnostics.5  In 

this method, a rapid 25(OH)D extraction with acetonitrile was used, followed by radiolabelling 

with the antibody 125I-labelled 25(OH)D co-specific for identifying both 25(OH)D2 and 

25(OH)D3 equally by an equilibrium RIA procedure.6-8  A gamma-counter determined the counts 

of radiation for each calibrator, control, and participant sample.  The counts per minute (CPM) 

values for the calibrators of known concentration were plotted on logarithmic graph paper to 

generate a standard curve from which control and subject sample concentrations were 

determined.  Thus, the standard curve from the RIA was used to find a value for total 25(OH)D 

levels, a combined measure of 25(OH)D2 and 25(OH)D3, in ng/mL.   

The results of the RIA permitted the classification of subjects based on their vitamin D 

status into one of two categories defined from literature guidelines.  Subjects were considered to 

be sufficient in vitamin D if the RIA measurement of total 25(OH)D was >30ng/mL, and were 

classified as insufficient in vitamin D if levels were ≤30ng/mL.8-10  According to procedural 

guidelines for the RIA, all calibrator, control, and subject samples were run in duplicate within 

the same RIA kit such that the consistency of measurements obtained for each participant could 

be assessed. 

 

3.6 Vitamin D Determinants 

3.6.1 Variable Assessment 

 To determine which variables were significantly associated with seasonal vitamin D 

status in the nurses participating in this study, a questionnaire was created to obtain information 

on personal, lifestyle, and dietary factors.  The dietary assessment section of the questionnaire 

was adapted from the dietary questionnaire of a study examining vitamin D status of Swedish 

women in winter, conducted at the Karolinska Institute in Stockholm, Sweden.11  The sun 
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exposure questions were adapted from the Sun Sensitivity and Sun Exposure section of the 

Environmental Questionnaire used in the Australian Multi-Centre Study of Environmental 

Factors and Immune Function conducted at the Australian National University in Canberra, 

Australia.   

A standard validated questionnaire does not yet exist to accurately measure sun exposure 

variables.12  Research has shown statistically significant correlations between self-reported and 

objective measures of UVB exposure, although these correlations still leave a large amount of 

unexplained variation in exposure.12  In addition, differences in clothing fabrics and colours, as 

well as sunscreen application, SPF, and water resistance require a large number of questions to 

properly quantify these factors.12  Previous research suggests that questionnaires focusing on 

shorter, more recent periods of time to recall sun exposure variables have greater accuracy.12  

Because the questionnaire in this study focused on a time frame of only a few months, recall 

issues were expected to be minimized.   

Skin pigmentation was the only personal variable that could have been measured 

objectively using a spectrophotometer; however, for the exploratory purposes and time 

constraints of this thesis, self-reported questionnaire information was considered sufficient.  

Fitzpatrick’s classification system was used whereby nurses identified themselves as having skin 

type I (always burns, never tans), type II (usually burns, tans with difficulty), type III (sometimes 

burns mildly, gradually tans), or type IV (rarely burns, always tans).13  Evidence to suggest that 

one of these methods (objective versus subjective) is better than the other has yet to be 

produced.12, 14  BMI was the only variable considered in the analysis, which was not based on self-

report from the questionnaire.  This variable was calculated from height (in cm) and weight (in 

kg) values measured by the study’s Project Coordinator, thereby increasing the accuracy of the 

BMI measure and eliminating the possibility of misclassification. 

Finally, a short dietary information section was included on the vitamin D questionnaire 

with questions focusing on the most commonly consumed natural and fortified food sources of 
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vitamin D.  These questions were not included for the purpose of estimating the amount of 

vitamin D consumed, but rather to investigate the patterns of food item consumption and 

supplement use that may be relevant to seasonal variations in vitamin D status.  Since vitamin D 

is present in appreciable concentrations in a limited number of natural foods (e.g. fatty fish, eggs, 

liver) and fortified foods (e.g. milk, margarine, orange juice), the dietary section of the 

questionnaire is short.  Analyzing the nutrient content of food items consumed to estimate 

vitamin D intake requires a nutrient database.  More research is needed to determine whether the 

correlation between questionnaire intake estimates and 25(OH)D levels improves with the use of 

nutrient databases for standard referencing.15  A more descriptive approach to dietary influence 

was used here as studies have shown that a minimum three-month time window is needed in 

order to capture less commonly consumed food items.15  For the purposes of this thesis, data 

collection over three months was not feasible due to the pre-established timelines of the larger 

study to which this project was attached.  Participants filled out the questionnaire and gave a 

blood sample at approximately the same point in time.  They were asked to answer based on their 

dietary consumption patterns over the past two months which approximately corresponded to the 

same 6-8 week lag time between sun exposure patterns being reflected in the blood obtained at 

the time of data collection.4   

3.6.2 Classification into Variable Levels 

  The age of each participant was determined from their reported date of birth and was 

defined as their age as of April 1st, 2008.  Each participant’s age was kept consistent for both 

seasonal data analyses as there was only about 6 months time elapsed between them.  Most data 

analysis was performed using age as a continuous variable; however, for descriptive purposes age 

categories were defined in years as follows: 20-29, 30-39, 40-44, ≥45.  Participants were divided 

according to decade of life with the exception of the final category as there were too few 
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individuals ≥50 years old to form a new age group.  Therefore, participants ≥40 years old were 

split up into 40-44 and ≥45 age groups. 

With the exception of two participants who self-reported their height to the Project 

Coordinator via telephone interview, all height and weight measurements were taken by the study 

Project Coordinator.  BMI (in kg/m2) was directly calculated from these measurements.  Standard 

BMI classification categories were followed, however, normal (BMI 18.5-24.9) and underweight 

(BMI<18.5) categories were combined due to low numbers in the underweight group.  

Overweight and obese categories were represented by BMI’s of 25-29.9 and ≥30, respectively.     

 Several steps were taken to sort dietary variables into levels of consumption for analysis.  

Firstly, the frequency of each level of a variable was determined.  Food items with only five or 

fewer nurses ever consuming it were removed from the analysis as they had insufficient 

variability to explore in relation to the outcome.  The dietary factors removed for this reason were 

liver and shitake mushrooms.  For the remaining foods, any frequency of consumption level with 

less than 5 participants was automatically collapsed into an adjacent category to approximate 

monthly, weekly, and daily consumption groups.16  An attempt was made to keep these food 

consumption levels consistent across seasons whenever possible.  The dietary determinants for 

which data was collected and analysis could be performed for both seasons included fortified 

milk, yogurt, margarine, low-fat margarine, orange juice, cereal, bread, eggs, beef/veal, and fish.  

All the variables had either three or four levels of consumption with the exception of low-fat 

margarine, which was split into ‘ever’ or ‘never’ consumption groups. 

 Similar to the classification of dietary variable levels, the frequency of occurrence of 

lifestyle levels was determined.  Those included in both seasonal analyses were supplement and 

tanning bed use in the past 6 months, and skin pigmentation.  The supplement use variable 

included all forms including tablets and multivitamins, as well as cod liver oil.  For skin 

pigmentation in each season, skin types I and II were collapsed together in the linear regressions 

due to small numbers in the skin type I category.  Sun vacations, defined as travel to southern 
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latitudes (between 30°N and 30°S), taken in the 6 months prior to data collection was the only 

variable considered solely in the winter analysis as too few individuals responded positively to 

include this variable in the summer analysis.  Variables for sunscreen use and time spent outdoors 

during peak hours of the day (11AM to 3PM), on working days, and on days off were described 

only for summer, as cutaneous vitamin D synthesis does not occur between the months of 

October and March at latitudes above 40ºN and thus these variables were not relevant to the 

winter analysis.1, 17  Additional variables on fat malabsorption problems and clothing coverage 

while outdoors were excluded due to little variation in responses. 

 

3.7 Statistical Analysis 

All statistical analyses were performed using SAS (Version 9.1, SAS Institute, Cary, 

North Carolina) 

3.7.1 Descriptive Analysis 

The initial analysis completed was a univariate description of the study population with 

respect to variables under study including 25(OH)D concentrations and factors influencing 

vitamin D status.  The baseline characteristics of the study population in each season were 

described by the proportion of individuals in each level of the determinant variables.  Means and 

standard deviations were also reported for age and BMI as continuous variables. 

A bivariate analysis was conducted by season comparing the mean and standard 

deviations of the continuous variables age, BMI, and serum 25(OH)D concentration within each 

level of the determinant.  The serum 25(OH)D level was also adapted to a dichotomous outcome 

(25(OH)D ≤30ng/mL or >30ng/mL) representing vitamin D sufficiency status.  Personal 

characteristics and sun exposure and food consumption patterns of nurses were also described by 

age and BMI category, as well as by vitamin D sufficiency status for each season. 
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3.7.2 Analysis of Seasonal Variations 

The prevalence of vitamin D insufficiency was determined in each season by dividing the 

number of women with 25(OH)D levels ≤30ng/mL by the total number of women for which 

25(OH)D levels were measured.  Prevalence of vitamin D insufficiency, was then presented 

graphically, by season.  As the populations being compared consisted of the same individuals, 

comparisons performed between seasons considered a match-paired sample situation.  A paired t-

test was performed to determine whether seasonal variation in 25(OH)D level existed within 

individuals.  McNemar’s test was used to calculate seasonal differences in the prevalence of 

vitamin D insufficiency given the paired sample conditions. 

3.7.3 Minimum Detectable Effect Calculation 

Given the set sample size of 49 nurses, in order to determine whether this study had 

enough power to detect a significant difference in mean serum 25(OH)D levels between seasons, 

using a paired t-test, a minimum detectable effect calculation was done.  To date, there has only 

been one other study conducted solely among pre-menopausal women at a similar latitude.18   

From this study means and standard deviations for 25(OH)D concentrations in winter and 

summer were 23.2ng/mL ± 9.6 and 30.4ng/mL ± 11.2 respectively.18  These were obtained to 

calculate the standard deviation of the paired difference in 25(OH)D levels across seasons.  The 

correlation coefficient for the association between winter and summer for 25(OH)D was also 

required to calculate this standard deviation; however, this value could only be obtained from a 

study of healthy Japanese women (37ºN) which reported it as 0.46.19   Thus, with 80% power and 

a significance level of 0.05, this study was able to detect a minimum t value of ±4.22. 

3.7.4 Exploratory Analysis 

Generalized linear modeling was used to assess the relationship between serum 25(OH)D 

levels and determinants of this status.  Because the underlying dependent variable for this model, 

25(OH)D concentration in ng/mL, was a continuous measure, the use of a linear model was 
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warranted.  This linear regression models were stratified by season to identify which variables 

were significant determinants of 25(OH)D concentrations in each season independently.  An 

unadjusted model considering serum 25(OH)D with each individual vitamin D determinant was 

run to establish which variables had significant variation in 25(OH)D among the levels of the 

determinant in each season.  P-values and R-squared (R2) values were reported.  A priori, age and 

BMI were defined as factors that would confound the relationship between the various lifestyle 

and dietary determinants and the outcome.  As a result, an age and BMI-adjusted generalized 

linear model was constructed for each season.  However, due to the difference in the variability of 

the determinants in each season the multivariate regressions were approached slightly differently 

for each season.   

In winter, all determinants were put into a model with age as a continuous variable and 

BMI as a categorical variable to determine the association of each determinant to serum 25(OH)D 

while accounting for these confounders.  Due to the small sample size p<0.15 was set as a liberal 

cut-off for variables considered significantly associated with the outcome when controlling for 

age and BMI.  As all variables being considered were significant by this cut-off, they were then 

split into lifestyle and dietary variable sub-categories.  A backward elimination process was 

performed to deduce the most parsimonious model among the dietary and lifestyle groups, 

separately by considering changes in the R2 value and in the model significance (p<0.05) when 

variables were removed.  The remaining dietary and lifestyle variables were combined in the 

same overall model.  Confounder assessment was then carried out and variables that changed the 

generalized linear model parameter estimates of any other variable by more than 10% were 

considered to confound the relationship between that variable and serum 25(OH)D concentration, 

while age and BMI were in the model.20  The final model included all significant variables and 

their confounders.  Chi-square and Fisher’s exact tests (when there were cells<5) were performed 

between all variables to describe any correlations that existed between variables in and out of the 

model (p<0.05). 
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In summer, all variables were again assessed individually for association with serum 

25(OH)D while age (continuous) and BMI (categorical) were controlled for.  The cut-off of 

p<0.15 was used to define determinants significantly associated with the outcome.  As only a few 

variables remained, a backward elimination process was performed to deduce the overall most 

parsimonious model using R2 values and model significance (p<0.05).  The same criteria as for 

the winter model were then considered for confounder assessment on the remaining variables.  

The final model included all significant variables and their confounders.  Correlations between 

variables in and out of the model were again considered (p<0.05). 

3.7.5 Vitamin D Measurement Reliability 

Finally, intra-assay correlation coefficients were computed to assess the accuracy of the 

vitamin D laboratory measurements.  For the radioimmunoassay, as each participant’s samples 

were run in duplicate, two CPM values for each sample were produced within each assay.  The 

counts were examined to determine whether they were significantly correlated and thus if 

approximately the same serum 25(OH)D concentration could be obtained from either duplicate 

result.  The intra-assay correlation coefficient for each season was reported. 
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Chapter 4 

Manuscript 

Seasonal Vitamin D Status and its Determinants Among Premenopausal Female Nurses 

 

BACKGROUND 

Vitamin D is a fat-soluble vitamin which humans obtain primarily through cutaneous 

synthesis from ultraviolet B (UVB) radiation exposure in summer as well as from dietary sources 

and supplements.1 2-5  Vitamin D3 is made in the skin after exposure to UVB wavelength 290-

315nm by converting 7-dehydrocholesterol to vitamin D3.5-7  This product can then be converted 

in the liver to the major circulating metabolite of vitamin D, 25-hydroxyvitamin D3 (25(OH)D3), 

and then to the hormonally active form 1,25-hydroxyvitamin D3 (1,25(OH) 2D3), in the  

kidneys.4, 6, 8  Vitamin D2, the artificial dietary form of the vitamin can be converted into an 

analogous set of metabolites: 25(OH)D2 and 1,25(OH) 2D2. 

One of the most influential environmental factors affecting variations in 25(OH)D levels  

is season.9  As the pattern and duration of seasons is inherently linked to geography, latitude is an 

important determinant of vitamin D status.  Even with exposure to UBV radiation, vitamin D 

production does not occur from October through March at locations above 40ºN due to the solar 

radiation angle.10-13  A lag-time of approximately 6-8 weeks is also evident between peak UVB 

exposure in mid-summer and peak 25(OH)D reflected in blood in early fall.14  Thus, the term 

“vitamin D winter” has been coined to describe the period of time, varying by latitude, when solar 

UV radiation exposure is not sufficient to permit cutaneous synthesis of vitamin D.15  

  A number of other variables have also been shown to influence 25(OH)D 

concentrations in the body.  Increasing age11, 12, 16-21  and body mass index (BMI),21-26  as well as 

darker skin pigmentation12, 16, 20, 27-30  have been inversely related to 25(OH)D levels.  Sun 

exposure variables like cloud coverage and air pollution,7, 12, 15, 28  as well as lifestyle habits like 
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clothing coverage11, 31  and sunscreen use,31  have all been linked to decreased capacity for 

cutaneous vitamin D synthesis.  UVB radiation obtained from tanning bed use4, 10, 32  and sun 

vacations33  have been linked to increases in 25(OH)D levels, particularly in winter when 

cutaneous synthesis is not possible outdoors at northern latitudes.  Along with natural and 

fortified food consumption,1, 34, 35  supplement use is another source of vitamin D that raises 

25(OH)D levels.32, 34, 36  

Vitamin D status has been implicated in a wide variety of diseases including 

cardiovascular disease, diabetes, multiple sclerosis, osteoperosis, rickets, and cancer.4, 6, 19, 37, 38  

Research has begun to explore vitamin D as a preventative and therapeutic anticancer agent.39  

Through both prospective and retrospective studies, levels of 25(OH)D below 20ng/mL have 

been associated with a 30-50% greater incidence risk of colon, prostate, and breast cancers as 

well as with mortality from these cancers.4, 39    

Vitamin D deficiency is generally defined by serum 25(OH)D levels of  

<10ng/mL,4, 5, 40, 41  with insufficiency classified as 10-30ng/mL.5, 40, 42  Ideally, the recommended 

level of 25(OH)D is >30ng/mL, and vitamin D toxicity can occur if levels approach or exceed 

100ng/mL.4, 5, 40, 42  Previous studies have consistently shown that the prevalence of vitamin D 

insufficiency is high among healthy young adults.2, 21, 23, 29, 30  Vitamin D deficiency is now 

becoming recognized as a major potential health problem among premenopausal women.43   

The primary objectives of this study were to measure and describe the seasonal variation 

in serum 25(OH)D concentrations and prevalence of vitamin D insufficiency among 

premenopausal women in Kingston, Ontario, Canada (44ºN).  The secondary objective was to 

investigate lifestyle and dietary determinants of serum 25(OH)D concentrations. 
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MATERIALS & METHODS 

Study Population & Design 

 A cross-sectional study was conducted of 49 premenopausal nurses from Kingston 

General Hospital who volunteered to participate.  They were recruited beginning in April 2008 

through posters, notices, and information sessions. Participants were restricted to those working 

the routine shift work schedule of 2 12-hour days, followed by 2 12-hour nights, followed by 5 

days off for a minimum of a year.  Nurses were asked to self-exclude if they used melatonin 

supplements or had been pregnant or lactating in the past 6 months.  Only those providing 

informed consent for all sections of the data collection were included.  In both seasons, 2 nurses 

were immediately lost to follow-up.  For the post-winter data collection period, the serum 

samples of 3 nurses were lost so these subjects were excluded from the winter analysis, and an 

additional nurse was lost to follow-up.  A total of 43 participants gave complete information and 

were included in the winter analysis.  For the post-summer data collection, 1 nurse moved to part-

time status, 1 became pregnant, 5 withdrew from the study, and 2 did not give their blood samples 

on time to be included in the analysis; thus, 38 nurses were included in the summer analysis.  35 

nurses participated in both seasonal data collection periods. 

 

Data Collection 

 There were two seasonal data collection periods in this study, in May-July 2008 

(representing post-winter vitamin D levels) and in October-December 2008 (representing post-

summer vitamin D levels).  The time points were designated in an attempt to capture the 

anticipated seasonal minimum vitamin D concentrations in the body reached in late winter, and 

the seasonal maximum vitamin D concentrations in late summer.11-14  Participants completed a 

vitamin D-specific questionnaire and provided an 8-hour fasting blood sample at both time points.  

The questionnaire included questions regarding sources of vitamin D intake, both dietary and 
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lifestyle-related. Blood samples were collected in 3.5mL serum separator tubes.  Isolated serum 

was then separated into 100μL aliquots and stored in the dark in a -80 ºC freezer until the 

laboratory analyses were conducted. 

 

Vitamin D Measurement 

 The primary outcome of this study was vitamin D status. In order to objectively measure 

the vitamin D levels at each seasonal time point, the biomarker serum 25(OH)D was quantified.  

The principal assay used for this measurement was the DiaSorin 25(OH)D radioimmunoassay 

(RIA). All samples were run in duplicate within each assay.  The results produced by the RIA 

represented the total serum 25(OH)D concentration (ng/mL) in the sample.  These values were 

used as a continuous outcome variable, and subjects were also dichotomized into vitamin D status 

categories: >30ng/mL was defined as vitamin D sufficient, and ≤30ng/mL was defined as vitamin 

D insufficient.4, 40, 42  

 

Determinant Assessment 

In order to determine which variables were associated with seasonal vitamin D status, 

most information was obtained via self-report questionnaire. Age was determined from reported 

date of birth. For BMI (in kg/m2), with the exception of 2 participants self-reporting their height 

via telephone interview, height and weight were measured by the Project Coordinator. The 

dietary portion of the questionnaire focused on frequency of consumption of natural and fortified 

food sources of vitamin D in an average week, in the past 2 months.  Food items with 5 or fewer 

nurses reporting consumption were removed from the analysis (liver and shitake mushrooms). 

For the remaining items, any level of consumption with less than 5 participants was automatically 

collapsed into an adjacent category to approximate monthly, weekly, and daily consumption 

groups.  Whenever possible, food consumption categories were kept consistent across seasons. 
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Lifestyle-related information included the frequency of supplement (including tablets, 

multivitamins, and cod liver oil) and tanning bed use in the past 6 months, time spent outdoors, 

clothing coverage, and sun vacations referred to travel to southern latitudes taken within the last 6 

months (only included in the winter analysis since too few subjects reported this in the summer 

season).  Nurses self-classified their skin type by Fitzpatrick’s skin pigmentation scale,44  and skin 

types I and II were collapsed together for the regressions due to small numbers in the type I 

group.  Sunscreen use and time spent outdoors during peak hours of the day (11AM to 3PM), on 

working days, and on days off were described for summer.  Due to the inability to synthesize 

cutaneous vitamin D in the winter at latitudes above 40º, these variables were only relevant in the 

summer and were excluded from the winter analysis.10, 11  

 

Statistical Analysis   

A paired t-test was performed to determine whether seasonal variation in 25(OH)D level 

existed within individuals.  McNemar’s test was used to calculate seasonal differences in the 

prevalence of vitamin D insufficiency given the paired sample conditions (n=35). General linear 

regression modeling was used to assess associations between potential determinants and serum 

25(OH)D levels for winter and summer separately and always including age (continuous) and 

BMI (categorical) to control for confounding.45  As a result, modeling 25(OH)D levels while 

controlling for age and BMI was performed for the purpose of screening variables that should be 

explored as determinants of serum 25(OH)D levels. For the winter analysis, all potential 

determinants from among the dietary and lifestyle groups separately were subjected to a 

backward elimination process based on the level of significance of the variable, removing 

variables one at a time from largest to smallest p-value and retaining those at p<0.05.  The 

remaining dietary and lifestyle variables were combined in the same overall model.  Confounder 

assessment was then carried out: variables that changed the generalized linear model parameter 

estimates of any other variable by more than 10% were considered to confound the relationship 
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between that variable and serum 25(OH)D concentration, while age and BMI were in the model.46  

The final multivariate model included all significant variables and confounders.  Chi-square and 

Fisher’s exact tests when there were cells<5 were performed to describe any associations between 

the independent variables (p<0.05). 

For summer, all variables were individually assessed for association with serum 

25(OH)D in a model adjusted for age and BMI.  Again, the cut-off of p<0.15 was used to defined 

factors significantly associated with the outcome.  As only a few variables remained, a backward 

stepwise elimination process was then performed to find the most parsimonious model using R-

squared (R2) values and model significance (p<0.05).  The same criteria as for the winter model 

were considered for confounder assessment and for associations between independent variables.  

The final multivariate model included all significant predictors and confounders. All statistical 

analyses were preformed using SAS (Version 9.1, SAS Institute, Cary, North Carolina). 

 

RESULTS 

Table 1 describes the characteristics of the population with respect to the vitamin D 

variables of interest, for winter.  Table 2 describes the population for summer.  The study 

population consisted of 43 premenopausal nurses with a mean age (± SD) of 37.7 years ± 7.4 

participating in the post-winter data collection and 38 premenopausal nurses with a mean age of 

38.1 years ± 7.4 participating in the post-summer data collection. The mean BMI (± SD) of 

participants was 27.6 ± 6.2 and 27.9 ± 6.3 for winter and summer, respectively.  In addition, 

among the youngest individuals in the population (≤29 years) the mean BMI was highest of all 

the age groups.  All nurses identified themselves as Caucasian.  For winter, within the past 6 

months, 42% had used supplements, 28% had ever used a tanning bed, and 49% had taken a sun 

vacation.  Post-summer, 42% had used supplements, 21% had ever used tanning beds, and 8% 

had taken a sun vacation. 

 64



A seasonal comparison of vitamin D status was conducted among the 35 nurses who 

participated in both data collection periods.  Post-winter, the mean serum 25(OH)D (± SD) 

concentration was 32.6ng/mL ± 10.5 (range 11-54ng/mL), compared to 42.5ng/mL ± 19.0 post-

summer (range 6.4-100ng/mL).  Within individuals, there was a significant difference in mean 

25(OH)D concentrations between seasons (p=0.0003).  Figure 1 displays individual data for the 

proportion of nurses who were insufficient and sufficient in vitamin D, by season.  The 

prevalence of insufficiency post-winter was 49% compared to 24% post-summer.  When 

considering the paired data only, the prevalence of insufficiency was significantly different 

between these 2 seasons. (p=0.02).  Among participants who were insufficient in vitamin D post-

winter (n=21), their mean serum 25(OH)D concentration was 24.7ng/mL ± 4.6, mean age was 

37.7 years ± 7.7, and mean BMI was 29.6 ± 6.7; and among those sufficient post-winter these 

comparable values are: mean serum 25(OH)D concentration of 40.1ng/mL ± 7.5, mean age of 

37.8 years ± 7.3, and mean BMI of 26.2 ± 5.6.  Nurses insufficient post-summer (n=9) had a 

mean serum 25(OH)D level of 23.5ng/mL ± 7.0, mean age of 35.6 years ± 9.3, and mean BMI of 

29.9 ± 7.0, compared to those sufficient post-summer who had a mean serum 25(OH)D level of 

48.2ng/mL ± 16.7, mean age of 38.9 years ± 6.7, and mean BMI of 26.9 ± 5.9. 

General linear modeling of serum 25(OH)D concentration was then performed to assess 

which determinants were significantly associated with the outcome in winter (Table 3) and 

summer (Table 4) in unadjusted, age and BMI-adjusted, and multivariate models.  For winter, the 

only variable significantly associated with serum 25(OH)D levels in the unadjusted model was 

tanning bed use (p=0.02).  There was a significant difference in the mean (±SD) serum 25(OH)D 

level of women who used tanning beds in the past 6 months (38.2ng/mL ± 9.2), compared to 

those who did not use them (30.5ng/mL ± 9.5).  For summer, both supplement use (p=0.03) and 

tanning bed use (p=0.0008) in the past 6 months were significantly associated with the outcome 

in the unadjusted model.  The mean serum 25(OH)D level among participants who ever used 

supplements was 49.6ng/mL ± 22.3, compared to 37.1 ± 12.9 for never users.  Among those who 
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used tanning beds the mean (±SD) serum 25(OH)D concentration was 60.6ng/mL ± 25.3, 

compared to those who did not (37.5ng/mL ± 12.5). 

 Seasonal models adjusted for age and BMI were then constructed.  When screening for 

variables to be explored as determinants of serum 25(OH)D levels in winter, all were significant 

at p<0.15 in the model adjusted for age and BMI (Table 3).  When all factors were considered in 

an all-possible backward elimination processes the final winter multivariate model included 

tanning bed use as a significant predictor of higher serum 25(OH)D concentrations while 

controlling for age, BMI, and consumption of vitamin D-fortified yogurt.  This model explained 

41% of the variation in the outcome (Table 3).  Yogurt consumption and tanning bed use 

confounded each other. 

For summer, beef/veal consumption (p=0.10), supplement use (p=0.09), and tanning bed 

use in the past 6 months (p=0.01) were related to serum 25(OH)D concentration in the model 

adjusted for age and BMI (Table 4).  From the results of the backward elimination, the final 

summer multivariate model included supplement use and tanning bed use as significant predictors 

of higher serum 25(OH)D levels while controlling for age, BMI, and beef/veal consumption.  

53% of the variation in the outcome was explained by this model (Table 4). 

 

DISCUSSION 

The principal objectives of this study were to describe the seasonal variation in vitamin D 

concentrations and to determine the prevalence of insufficiency post-winter and post-summer 

among a population of premenopausal nurses.  This study also investigated various lifestyle and 

dietary factors as potential determinants of serum 25(OH)D concentrations. 

This study found that mean serum 25(OH)D concentrations post-winter and post-summer 

for this study population were above the vitamin D sufficiency guideline of 30ng/mL, but that 

there was a significant difference between these means across seasons.  These results are 
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consistent with previous research that has illustrated significant seasonal variation in vitamin D 

levels at latitudes above 40ºN.9, 10  As the data collection periods representing post-winter and 

post-summer status followed the expected timing of annual minimums and maximums in vitamin 

D levels, these findings support the concept of a “vitamin D winter”15  and the physiology of 

vitamin D storage, whereby cutaneous synthesis from sun exposure does not occur in winter 

causing stores to become depleted, only to be replenished after high sun exposure in the 

summer.12, 13  A large range in serum 25(OH)D levels was observed in each season, but was more 

pronounced post-summer.  This variation in serum 25(OH)D levels observed within each season 

can be explained by the wide array of factors that contributed to an individual’s circulating 

25(OH)D levels.  The larger range of serum 25(OH)D values for summer compared to winter can 

be explained by a greater number of variables influencing levels in summer.  For example, due to 

the inability to synthesize vitamin D cutaneously in the winter at latitudes above 40º, sun 

exposure and sun protection variables were only relevant to the summer analysis, and should not 

have influenced winter results.10, 11  

The prevalence of vitamin D insufficiency, as defined by serum 25(OH)D concentrations 

≤30ng/mL, was measured for post-winter and post-summer, independently.  As expected, a 

significant difference in the prevalence of insufficiency was found between seasons; however, the 

high prevalence of insufficiency was unexpectedly seen post-winter and post-summer.  Previous 

investigations of similar populations and latitudes have mainly focused on describing the 

prevalence of insufficiency at a specific point in time, usually towards the end of  

winter.2, 21, 23, 29, 30, 47, 48  Results of these studies have been highly variable with one study reporting 

the prevalence of insufficiency as low as 20-28%,49  while another reported it as high as 75%,29  

depending on the definition of insufficiency used. 

For winter, higher serum 25(OH)D concentrations were found to be best predicted by 

tanning bed use in the previous 6 months, while controlling for the effects of age, BMI, and 

vitamin D-fortified yogurt consumption.  For summer, supplement use and tanning bed use in the 
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past 6 months were associated with higher serum 25(OH)D level, while controlling for age, BMI, 

and beef/veal consumption.  The R2 values for the winter and summer multivariate models were 

41% and 53%, respectively.  Despite the small sample size and some misclassification that may 

have occurred, both models accounted for a high degree of variability in the outcome. 

Overall the population of nurses studied here were relatively healthy women as they were 

able to work, however, a high proportion of these nurses, particularly the younger ones, were 

overweight or obese.  An inverse relationship between BMI and serum 25(OH)D 

concentrations21-26  as well as between age and this outcome11, 12, 16-21  have been well 

characterized.  Although not statistically significant in this study, this association was apparent 

for BMI, but not for age.  An explanation for the age relationship not being as apparent here is 

that the participant population was largely comprised of women in a relatively narrow age range.  

BMI’s were relatively high among these generally young women and it appears that serum 

25(OH)D concentrations were most influenced by their behavioural patterns and physiology 

associated with their BMI status, rather than by their age.   

The body of research investigating determinants of vitamin D status has varied results.  

One study conducted among Swedish women identified consumption of fatty fish and of vitamin 

D fortified reduced-fat dairy products, regular supplement use, and taking sun vacations as 

significant predictors of winter serum 25(OH)D levels.33  Research among Danish 

perimenopausal women concluded that vitamin D insufficiency occurred predominantly among 

those who avoided summer sun exposure and did not take supplements.50  A study focusing on the 

impact of tanning bed use found regular use to be associated with higher serum 25(OH)D 

concentrations.32  Among women in Ontario, a study that looked at determinants of serum 

25(OH)D levels by season found higher concentrations predicted by age, sunlamp use, milk 

consumption, vitamin D-containing supplement use, and BMI in winter, while in summer the best 

predictors were skin colour, BMI, spending 0.5 hour outdoor every day, less coverage of limbs 

and increased milk consumption.51    
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The results of this study are consistent with past research exploring determinants of 

vitamin D status, particularly with respect to supplement and tanning bed usage.  Concerns exist, 

however, regarding these methods of vitamin D intake.  Vitamin D toxicity from 

overconsumption of supplements is a relevant concern, though evidence in favor of increasing 

vitamin D supplementation and food fortification and of raising the dietary reference intake (DRI) 

(currently 200IU/day in Canada for adults52 ) has grown.53  Guidelines for the safe operation and 

utilization of tanning beds in Canada do exist;54  however, these documents are insufficient in 

details regarding adverse effects of tanning beds, such as skin damage and melanoma,55  

especially given the high prevalence of tanning bed use among young women in particular.56  

Consequently, supplement use still appears to be a safer and more effective method of increasing 

vitamin D levels compared to tanning bed use especially considering tanning beds use lamps 

emitting large amounts of the damaging UVA light. 

 Vitamin D-fortified yogurt stood out as a dietary variable that best predicted serum 

25(OH)D levels post-winter.  This specific variable has not been previously recognized in the 

literature; however it is possible that it was actually a proxy for other determinants measured.  

Low-fat dairy products and milk consumption have been shown to be associated with vitamin D 

levels.33, 51  As some vitamin D-fortified yogurts are made using fortified skim milk, it is possible 

that yogurt consumption was a proxy measure for milk consumption. 

There are several strengths to this research.  The utilization of an objective measurement 

of vitamin D in the bloodstream, 25(OH)D, is a strength, as misclassification has been shown to 

occur when serum vitamin D levels are inferred from questionnaire data.57  Assays for the 

measurement of 25(OH)D have become a requirement for the accuracy and reliability of vitamin 

D quantification in epidemiological studies.40, 58, 59  This study also contributes observational 

evidence on seasonal variations in serum 25(OH)D concentrations and on the prevalence if 

insufficiency across seasons among premenopausal women.  Although vitamin D insufficiency 

has been studied to varying degrees worldwide, there are only a few studies conducted around the 
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same latitude as Kingston, Ontario, that include women of childbearing age.2, 23, 29, 30, 47, 48  Finally, 

the time points at which data collection occurred closely approximated the well-documented 

timing of annual minimums and maximums in vitamin D levels.10, 11, 13  Capturing these highs and 

lows in 25(OH)D concentrations increased power to detect a significant difference in levels 

between seasons by maximizing the variability in the outcome data.   

This study is also limited by several factors.  One limitation was the small sample size 

which may have influenced the ability of the study to detect significant effects of determinants of 

serum 25(OH)D levels, if they truly existed.  Some of the restriction posed by the small sample 

size was overcome by the increased variation in 25(OH)D levels due to the timing of the data 

collections.   

There was also potential for misclassification to have occurred with respect to the 

determinants of vitamin D status.  The study questionnaire was not validated and the information 

collected was self-reported by the participants, thus recall problems could have affected 

responses.  A standard validated questionnaire to accurately measure sun exposure variables does 

not currently exist; however, statistically significant correlations between self-reported and 

objective measures of UVB exposure have previously been described.57  Misclassification of skin 

type was possible as studies have suggested that the validity of the Fitzpatrick classification 

system may be compromised due to its self-report nature.44, 60  Also, a more descriptive approach 

to assessing dietary factor consumption was used to derive a sense of patterns of food and 

supplement consumption, rather than quantifying vitamin D from diet, as studies have shown that 

a minimum 3-month time window is needed in order to capture less commonly consumed food 

items.61  If misclassification of any variables did occur it would be expected to be non-differential 

in nature, biasing results towards the null as there is no reason to expect nurses reported 

information differently by vitamin D status or by season.   

Finally, the study population itself may be a limitation in terms of generalizability.  

Volunteer bias may be present in the research results as all participants were volunteers.  
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Generalizability of the study findings to the general public may be limited due to the nature of the 

rotating shift work pattern worked by the nurses who participated in this study and because the 

study population was strictly Caucasian and all were premenopausal. 

  This study contributes to the growing body of research suggesting that vitamin D 

insufficiency is a rapidly remerging health issue.  While this research suggests a high prevalence 

of vitamin D insufficiency exists among premenopausal women and that tanning bed use is a 

significant determinant of vitamin D levels in both winter and summer the results should be 

interpreted with caution.  Future studies should have larger populations and be expanded to 

examine the relationship between vitamin D levels and its determinants in different ethnic groups.  

This study contributes to existing literature suggesting that guidelines for the DRI of vitamin D 

need to be raised in order to reduce the prevalence of vitamin D insufficiency and prevent disease 

in this population in the future. 
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Table 1: Descriptive characteristics of nurses participating in winter. 

Variable Winter (n = 43) 
n (%) 

Personal Characteristics  
Serum 25(OH)D (mean ± SD) 32.6 ± 10.0 
    Insufficient (≤30ng/mL) 21 (49) 
    Sufficient (>30ng/mL) 22 (51) 
Age (mean ± SD) 37.7 ± 7.4 
    ≤29 years 6 (14) 
    30-39 years 15 (35) 
    40-44 years 15 (35) 
    ≥45 years 7 (16) 
BMI (mean ± SD) 27.9 ± 6.3 
    Normal/Underweight* (≤24.9) 17 (40) 
    Overweight (25-29.9) 14 (33) 
    Obese (≥30) 12 (28) 
Skin type  
    I - always burns, never tans 4 (9) 
    II - usually burns, tans with difficulty  12 (28) 
    III - sometimes burns mildly, gradually tans 19 (44) 
    IV - rarely burns, tans with ease 8 (19) 
  
Lifestyle factors (previous 6 months)  
Supplement use (including cod liver oil)  
    Yes 18 (42) 
    No 25 (58) 
Tanning bed use¥  
    Yes 12 (28) 
    No  31 (72) 
Taken a sun vacation§  
    Yes 21 (49) 
    No 22 (51) 
  

Dietary factors (frequency of serving consumption 
in previous 6 months) 

 
 

Milk  
    Never or ≤2 times/week 7 (16) 
    3-6 times/week 9 (21) 
    1 time/day 10 (23) 
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    ≥2 times/day 16 (37) 
    Missing 1 (2) 
Yogurt  
    Never or ≤3 times/month 7 (16) 
    1-2 times/week 7 (16) 
    3-6 times/week 9 (21) 
    ≥1 times/day 20 (46) 
Fortified margarine  
    Never or ≤3 times/month 28 (65) 
    1-6 times/week 7 (16) 
    ≥1 times/day 8 (19) 
Fortified low-fat margarine  
    Yes 9 (21) 
    No 34 (79) 
Fortified orange juice  
    Never 20 (46) 
    1-3 times/month 13 (30) 
    1-4 times/week 5 (12) 
  ≥5 times/week 5 (12) 
Fortified cereals  
    Never or ≤3 times/month 14 (33) 
    1-2 times/week 7 (16) 
    3-4 times/week 10 (23) 
    ≥5 times/week 12 (28) 
Fortified bread  
    Never or ≤3 times/month 20 (46) 
    1-6 times/week 12 (28) 
    ≥1 times/day 11 (26) 
Eggs (with yolk)  
   Never or ≤3 times/month 17 (40) 
    1-2 times/week 17 (40) 
    ≥3 times/week 9 (21) 
Beef/veal  
    Never or ≤3 times/month 13 (30) 
    1-2 times/week 23 (53) 
    3-4 times/week 7 (16) 
Fatty fish  
    Never 7 (16) 
    1-3 times/month 21 (49) 
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    1-4 times/week 15 (35) 
*Only 1 nurse in underweight BMI category so combined with normal BMI group 
¥Frequency of tanning bed use ranged from once a week to a few times in 6 months  
§Sun vacation durations ranged from 6-28 days in length  
 

Table 2: Descriptive characteristics of nurses participating in summer. 

Variable 
 

Summer (n=38) 
n (%) 

Personal Characteristics  
Serum 25(OH)D (mean ± SD) 42.4 ± 18.3 
    ≤30ng/mL 9 (24) 
    >30ng/mL 29 (76) 
Age (mean ± SD) 38.1 ± 7.4 
    ≤29 years 4 (11) 
    30-39 years 15 (39) 
    40-44 years 12 (32) 
    ≥45 years 7 (18) 
BMI (mean ± SD) 27.6 ± 6.2 
    Normal/Underweight* (≤24.9) 16 (42) 
    Overweight (25-29.9) 12 (32) 
    Obese (≥30) 10 (26) 
Skin type  
    I - always burns, never tans 3 (8) 
    II - usually burns, tans with difficulty  10 (26) 
    III - sometimes burns mildly, gradually tans 18 (47) 
    IV - rarely burns, tans with ease 7 (18) 
  
Lifestyle factors (previous 6 months)  
Supplement use (including cod liver oil)  
    Yes 16 (42) 
    No 22 (58) 
Time spent outdoors on work days  
  <1 hour/day 26 (68) 
  1-2 hours/day 12 (32) 
Time spent outdoors on days off  
  1-2 hours/day 9 (24) 
  2-3 hours/day 15 (39) 
  3-4 hours/day 7 (18) 
  >4 hours/day 7 (18) 
Time spent outdoors 11am-3pm  
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  <1 hour/day 5 (13) 
  1-2 hours/day 25 (66) 
  >2 hours/day 8 (21) 
Sunscreen Use  
  <50% of times out 17 (45) 
   ≥50% times out 13 (34) 
  Always 8 (21) 
Tanning bed use¥  
    Yes 8 (21) 
    No  30 (79) 
Taken a sun vacation§  
    Yes 3 (8) 
    No 35 (92) 
  

Dietary factors (frequency of serving consumption 
in previous 6 months) 

 
 

Milk  
    Never or ≤2 times/week 7 (18) 
    3-6 times/week 10 (26) 
    1 time/day 7 (18) 
    ≥2 times/day 14 (37) 
Yogurt  
    Never or ≤2 times/week 9 (24) 
    3-6 times/week 14 (37) 
    ≥1 times/day 14 (37) 
    Missing 1 (3) 
Margarine  
    Never or ≤3 times/month 19 (50) 
    1-6 times/week 11 (29) 
    ≥1 times/day 8 (21) 
Low-fat margarine  
    Yes 10 (26) 
    No 27 (71) 
    Missing 1 (3) 
Orange juice  
    Never 17 (45) 
    ≤2 times/week 12 (32) 
    ≥3 times/week 9 (24) 
Cereals  
    Never or ≤3 times/month 9 (24) 
    1-2 times/week 17 (45) 
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    3-4 times/week 5 (13) 
    ≥5 times/week 6 (16) 
  Missing 1 (3) 
Bread  
    Never or ≤3 times/month 12 (32) 
    1-6 times/week 16 (42) 
    ≥1 times/day 9 (24) 
    Missing 1 (3) 
Eggs (with yolk)  
    Never or ≤3 times/month 12 (32) 
    1-2 times/week 17 (45) 
    ≥3 times/week 9 (24) 
Beef/veal  
    Never or ≤3 times/month 12 (32) 
    1-2 times/week 18 (47) 
    ≥3 times/week 7 (18) 
    Missing 1 (3) 
Fatty fish  
    Never 9 (24) 
    1-3 times/month 17 (45) 
    1-6 times/week 12 (32) 
*Only 1 nurse in underweight BMI category so combined with normal BMI group 
¥Frequency of tanning bed use ranged from once a week to a few times in 6 months  
§Sun vacation durations ranged from 6-18 days in length  
 



Table 3: Associations between, personal, lifestyle, and dietary determinants of vitamin D and serum 25(OH)D concentrations (ng/mL) in 
winter (n=43). 

Variable Unadjusted Adjusted¥ 
Multivariate 

(R2=0.41, p=0.007)§ 
25(OH)D 

(mean ± SD) 
Parameter 
Estimate 

R2 
 

p-value 
 

Parameter
Estimate 

R2 
 

p-value 
 

Parameter 
Estimate 

Personal Characteristics         
Age  -0.33 0.06 0.12 - - - -0.41 
    ≤29 years 33.1 ± 13.2 -   -   - 
    30-39 years 34.2 ± 9.8 -   -   - 
    40-44 years 33.5 ± 8.7 -   -   - 
    ≥45 years 27.1 ± 10.0 -   -   - 
BMI   0.11 0.10  - -  
    Normal/Underweight (≤24.9) 36.5 ± 10.7 7.49   -   8.35 
    Overweight (25-29.9) 31.0 ± 7.1 1.96   -   3.11 
    Obese (≥30) 29.0 ± 10.5 Referent   -   Referent 
Skin type*   0.05 0.38  0.2 0.12  
    I - always burns, never tans 33.8 ± 8.4 } -4.06 

  } -1.73 
  - 

    II - usually burns, tans with difficulty  28.6 ± 6.6     
    III - sometimes burns mildly,  
           gradually tans 34.4 ± 11.7 0.48   0.51   - 
    IV - rarely burns, tans with ease 33.9 ± 10.2 Referent   Referent   - 
         
Lifestyle Factors (previous 6 months)         
Supplement use (including cod liver oil)   0.0008 0.86  0.19 0.08  
    Yes 33.0 ± 9.7 0.57   0.64   - 
    No 32.4 ± 10.4 Referent   Referent   - 
Tanning bed use   0.12 0.02  0.27 0.02  
    Yes 38.2 ± 9.2 7.67   6.30   3.50 
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    No  30.5 ± 9.5 Referent   Referent   Referent 
Taken a sun vacation   0.02 0.42  0.19 0.08  
    Yes 33.9 ± 9.9 2.47   0.013   - 
    No 31.4 ± 10.1 Referent   Referent   - 
        
Dietary Factors (frequency of serving 
consumption in previous 2 months)          
Milk   0.02 0.84  0.27 0.07 - 
    Never or ≤2 times/week 30.5 ± 7.4 Referent   Referent   - 
    3-6 times/week 31.4 ± 12.9 0.94   4.81    
    1 time/day 34.7 ± 10.9 4.15   8.97   - 
  ≥2 times/day 33.3 ± 9.4 2.78   5.21   - 
Yogurt   0.17 0.06  0.39 0.004  
    Never or ≤3 times/month 25.6 ± 4.8 Referent   Referent   Referent 
    1-2 times/week 28.2 ± 9.2 2.57   3.18   3.73 
    3-6 times/week 34.0 ± 7.4 8.36   9.69   10.02 
    ≥1 times/day 36.0 ± 11.1 10.38   11.36   9.86 
Margarine   0.03 0.56  0.27 0.03  
    Never or ≤3 times/month 33.3 ± 11.2 Referent   Referent   - 
    1-6 times/week 28.9 ± 7.7 -4.48   -5.83   - 
    ≥1 times/day 33.5 ± 6.7 0.16   4.62   - 
Low-fat margarine   0.0008 0.86  0.19 0.08  
    Yes 32.1 ± 9.5 -0.67   0.53   - 
    No 32.8 ± 10.2 Referent   Referent   - 
Orange juice   0.05 0.55  0.23 0.13  
    Never 33.8 ± 10.4 Referent   Referent   - 
    1-3 times/month 32.8 ± 9.9 -1.06   -2.51   - 
    1-4 times/week 33.6 ± 12.5 -0.23   -0.89   - 
    ≥5 times/week 26.6 ± 4.9 -7.23   -6.22   - 
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Cereals   0.03 0.80  0.25 0.10  
    Never or ≤3 times/month 33.9 ± 10.8 Referent   Referent   - 
    1-2 times/week 32.1 ± 7.7 -1.82   6.12   - 
    3-4 times/week 30.1 ± 10.5 -3.84   0.49   - 
    ≥5 times/week 33.7 ± 10.4 -0.23   4.86   - 
Bread   0.05 0.37  0.21 0.11  
    Never or ≤3 times/month 32.7 ± 10.4 Referent   Referent   - 
    1-6 times/week 35.5 ± 9.5 2.78   2.97   - 
    ≥1 times/day 29.5 ± 9.6 -3.18   0.65   - 
Eggs (with yolk)   0.02 0.68  0.25 0.05  
    Never or≤3 times/month 31.0 ± 10.0 Referent   Referent   - 
    1-2 times/week 33.4 ± 9.7 2.44   2.44   - 
    ≥3 times/week 34.2 ± 11.0 3.22   6.91   - 
Beef/veal   0.01 0.79  0.20 0.12  
    Never or ≤3 times/month 33.4 ± 10.9 Referent   Referent   - 
    1-2 times/week 31.7 ± 9.3 -1.69   -0.66   - 
    3-4 times/week 34.4 ± 11.3 0.97   2.33   - 
Fatty fish   0.03 0.6  0.23 0.07  
    Never 29.6 ± 8.0 Referent   Referent   - 
    1-3 times/month 34.0 ± 9.9 4.36   5.97   - 
    1-4 times/week 32.1 ± 11.1 2.49     5.02      - 

*Skin type categories I and II combined for adjusted and multivariate models due to small numbers in type I group. 
¥General linear regression model used to test for a significant difference in mean serum 25(OH)D concentrations between variable levels, while adjusting for age 
and BMI (p<0.15). 
§General linear model for exploring significant determinants of serum 25(OH)D concentrations (p<0.05).  Tanning bed use in the past 6 months was a significant 
predictor of higher serum 25(OH)D while controlling for age, BMI, and vitamin D-fortified yogurt consumption.



Table 4: Associations between personal, lifestyle, and dietary determinants of vitamin and serum 25(OH)D concentrations (ng/mL) in 
summer (n=38). 

Variable Unadjusted Adjusted¥ 
Multivariate 

(R2=0.53, p=0.001)§ 
25(OH)D 

(mean ± SD) 
Parameter 
Estimate 

R2 
 

p-value 
 

Parameter
Estimate 

R2 
 

p-value 
 

Parameter 
Estimate 

Personal Characteristics         
Age  0.41 0.003 0.73 - - - 0.11 
    ≤29 years 34.9 ± 14.4 -   -   - 
    30-39 years 41.8 ± 19.8 -   -   - 
    40-44 years 48.2 ± 18.6 -   -   - 
    ≥45 years 37.8 ± 16.8 -   -   - 
BMI   0.11 0.14  - -  
    Normal/Underweight (≤24.9) 47.7 ± 17.3 14.67   -   13.23 
    Overweight (25-29.9) 43.1 ± 21.0 10.09   -   2.96 
    Obese (≥30) 33.0 ± 13.9 Referent   -   Referent 
Skin type*   0.05 0.38  0.14 0.42  
    I - always burns, never tans 34.5 ± 8.8 } -10.87 

 

  } -7.9 
 

  
- 

    II - usually burns, tans with difficulty  42.0 ± 22.7     
    III - sometimes burns mildly,    
           gradually tans 40.4 ± 14.6 10.70   -8.94   - 
    IV - rarely burns, tans with ease 51.1 ± 23.0 Referent   Referent   - 
         
Lifestyle Factors (previous 6 months)         
Supplement use (including cod liver oil)   0.12 0.03  0.21 0.09  
    Yes 49.6 ± 22.3 12.56   12.30   9.90 
    No 37.1 ± 12.9 Referent   Referent   Referent 
Time spent outdoors on work days   0.007 0.61  0.12 0.37  
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    <1 hour/day 43.4 ± 21.3 Referent   Referent   - 
    1-2 hours/day 40.1 ± 9.2 -3.32   -4.11   - 
Time spent outdoors on days off   0.03 0.76  0.13 0.58  
    1-2 hours/day 44.6 ± 25.8 Referent   Referent   - 
    2-3 hours/day 38.6 ± 11.1 -6.03   -4.27   - 
    3-4 hours/day 47.1 ± 26.0 2.47   3.88   - 
    >4 hours/day 42.9 ± 11.9 -1.74   -2.49   - 
Time spent outdoors 11am-3pm   0.08 0.22  0.18 0.24  
    <1 hour/day 33.6 ± 8.1 Referent   Referent   - 
    1-2 hours/day 41.3 ± 17.8 7.72   8.97   - 
    >2 hours/day 51.1 ± 22.4 17.46   18.09   - 
Sunscreen Use   0.005 0.91  0.12 0.53  
    <50% of times out 43.7 ± 19.9 Referent   Referent   - 
     ≥50% times out 40.7 ± 20.8 -3.02   0.47   - 
    Always 42.3 ± 10.8 -1.36   4.55   - 
Tanning bed use   0.27 0.0008  0.31 0.01  
    Yes 60.6 ± 25.3 23.07   21.10   19.93 
    No  37.5 ± 12.5 Referent   Referent   Referent 
         
Dietary Factors (frequency of serving 
consumption in previous 2 months)         
Milk   0.15 0.13  0.23 0.20  
    Never or ≤2 times/week 50.9 ± 22.2 Referent   Referent   - 
    3-6 times/week 36.0 ± 11.9 -14.93   -12.78   - 
    1 time/day 33.0 ± 13.7 -17.94   -16.06   - 
    ≥2 times/day 47.3 ± 20.0 -3.64   -1.80   - 
Yogurt   0.02 0.73  0.14 0.44  
    Never or ≤2 times/week 43.2 ± 23.5 Referent   Referent   - 
    3-6 times/week 39.8 ± 9.9 -3.47   -5.32   - 
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    ≥1 times/day 45.3 ± 22.1 2.09   -2.37   - 
Margarine   0.05 0.42  0.15 0.36  
    Never or ≤3 times/month 39.8 ± 20.2 Referent   Referent   - 
    1-6 times/week 41.2 ± 9.8 1.37   3.64   - 
    ≥1 times/day 50.0 ± 22.4 10.19   10.26   - 
Low-fat margarine   0.01 0.50  0.15 0.25  
    Yes 46.3 ± 23.2 4.77   8.55   - 
    No 41.5 ± 16.5 Referent   Referent   - 
Orange juice   0.11 0.16  0.21 0.16  
    Never 45.0 ± 20.1 Referent   Referent   - 
    ≤2 times/week 46.3 ± 19.9 1.22   2.70   - 
    ≥3 times/week 32.1 ± 6.2 -12.91   -13.59   - 
Cereals   0.07 0.48  0.2 0.33  
    Never or ≤3 times/month 37.8 ± 8.9 Referent   Referent   - 
    1-2 times/week 40.1 ± 20.4 2.31   9.28   - 
    3-4 times/week 47.0 ± 15.6 9.17   15.38   - 
    ≥5 times/week 51.5 ± 25.6 13.67   13.37   - 
Bread   0.09 0.22  0.21 0.17  
    Never or ≤3 times/month 40.0 ± 19.9 Referent   Referent   - 
    1-6 times/week 38.6 ± 14.8 -1.40   -3.24   - 
    ≥1 times/day 51.6 ± 21.4 11.60   14.96   - 
Eggs (with yolk)   0.001 0.98  0.11 0.55  
    Never or ≤3 times/month 43.1 ± 23.4 Referent   Referent   - 
    1-2 times/week 42.4 ± 17.8 -0.72   3.38   - 
    ≥3 times/week 41.4 ± 12.8 -1.69   3.18   - 
Beef/veal   0.10 0.16  0.25 0.10  
    Never or ≤3 times/month 40.4 ± 14.5 Referent   Referent   Referent 
    1-2 times/week 39.6 ± 18.5 -0.83   7.57   10.59 
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    ≥3 times/week 54.6 ± 21.9 14.23   19.44   22.35 
Fatty fish   0.02 0.69  0.14 0.40  
    Never 42.0 ± 9.7 Referent   Referent   - 
    1-3 times/month 45.0 ± 24.8 2.96   7.31   - 
    1-6 times/week 38.9 ± 11.9 -3.08     0.55     - 

*Skin type categories I and II combined for adjusted and multivariate models due to small numbers in type I group. 
¥General linear regression model used to test for a significant difference in mean serum 25(OH)D concentrations between variable levels, while adjusting for age 
and BMI (p<0.15). 
§General linear model for exploring significant determinants of serum 25(OH)D concentrations (p<0.05).  Supplement use and tanning bed use in the past 6 
months were significant predictors of higher serum 25(OH)D while controlling for age, BMI, and beef/veal consumption. 
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Figure 1: Prevalence of vitamin D insufficiency and sufficiency by season. 
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Chapter 5 

Additional Results 

This chapter presents additional research results not included in the manuscript, as they 

were either too detailed or not part of the objectives addressed in the manuscript. 

 

5.1 Descriptive Results of Age, BMI, & Serum 25(OH)D Concentrations 

5.1.1 Distributions by Season 

Of the variables considered in this project, age, BMI, and serum 25(OH)D levels were examined 

continuously.  Due to their biological affect on circulating levels of vitamin D in the body, a 

priori age1-7  and BMI7-11  were designated as potential confounders of the relationship between 

serum 25(OH)D levels and the given determinants of vitamin D status that were explored.  They 

were described univariately.  Age and BMI values were kept consistent between the two data 

collections, however, because some nurses participated in one season but not the other figures are 

presented by season.  The distribution of age among nurses participating in winter and in summer 

was somewhat normal (Figure 5.1) with participants ranging from 23 to 53 years old.  The 

distribution of BMI was also relatively normal in each season (Figure 5.2); BMI values ranged 

between 17.3-42.6.  Serum 25(OH)D concentrations were quite normally distributed for winter 

data, but less so for the summer (Figure 5.3).  In winter the serum 25(OH)D concentrations 

measured for the subjects ranged from 11ng/mL to 54ng/mL while in summer the range was 

wider, 6.4ng/mL to 100ng/mL.  A log transformation was applied to these three variables to see if 

the distributions could be normalized further; however, the transformation did not improve them 

so the variables were left untransformed.  In the generalized linear modeling that was adopted, 

BMI was utilized as a categorical variable to facilitate interpretation.    
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Figure 5.1: Distribution of age as a continuous variable. 
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Figure 5.2: Distribution of BMI as a continuous variable. 

a) In winter (n=43): 
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Figure 5.3: Distribution of serum 25(OH)D concentration as a continuous variable. 

a) In winter (n=43): 
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5.1.2 Age by Vitamin D Determinant Levels 

 As age was designated as an important potential confounder of serum 25(OH)D levels, 

the mean age in each level of determinants was explored, as was the frequency of the distribution 

of each determinant within age groupings.  Table 5.1 describes age for the post-winter data 

collection and Table 5.2 describes age in summer.  Some of the main observations from these 

tables are described.  In both seasons, the youngest mean age in the BMI categories was observed 

among participants classified as obese (34.2 years ± 8.9 and 35.5 years ± 8.5 for winter and 

summer, respectively).  In summer, among variables for sunscreen use and time spent outdoors 

on days off, the oldest mean age was found among nurses who used sunscreen ‘<50% of times 

outdoors’ and who spent ‘>4 hours outdoors on days off’ (39.4 years± 8.6 and 41.6 years ± 3.8, 

respectively).  Among variables for tanning bed and sunscreen use in summer, the youngest mean 

age was seen in nurses who ever used tanning beds in the past 6 months and who ‘always’ wore 

sunscreen (36.9 years ± 8.9 and 36.5 years± 6.9, respectively). 

 

Table 5.1: Bivariate description of age by vitamin D determinant variable for winter. 

Means and standard deviations are reported for age as a continuous variable.  Frequency 

distributions and percentages are given when age is considered categorically. 

Variable 
 

Age* 
(n=43) ≤29 30-39 40-44 ≥45 

mean ± SD n (%) n (%) n (%) n (%) 
Personal Characteristics      
BMI category      
    Normal/Underweight (≤24.9) 37.8 ± 6.4 2 (5) 5 (12) 9 (21) 1 (2) 
    Overweight (25-29.9) 40.7 ± 6.1 2 (5) 6 (14) 4 (9) 4 (9) 
    Obese (≥30) 34.2 ± 8.9 2 (5) 4 (9) 2 (5) 2 (5) 
Skin type      
    I – always burns, never tans 36.3 ± 8.2 1 (2) 1 (2) 2 (5) 0 (0) 
    II - usually burns, tans with difficulty  37.4 ± 8.7 2 (5) 4 (9) 3 (7) 3 (7) 
    III - sometimes burns mildly, gradually     
           tans 38.6 ± 6.6 2 (5) 7 (16) 8 (19) 2 (5) 
    IV – rarely burns, tans with ease 36.9 ± 8.1 1 (2) 3 (7) 2 (5) 2 (5) 
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Lifestyle Factors (previous 6 months)      
Supplement use (including cod liver oil)      
    Yes 37.2 ± 8.6 4 (9) 4 (9) 6 (14) 4 (9) 
    No 38.1 ± 6.6 2 (5) 11 (26) 9 (21) 3 (7) 
Tanning bed use      
    Yes 37.9 ± 8.8 2 (5) 4 (9) 3 (7) 3 (7) 
    No  37.6 ± 6.9 4 (9) 11 (26) 12 (28) 4 (9) 
Taken a sun vacation      
    Yes 38.0 ± 7.9 3 (7) 6 (14) 8 (19) 4 (9) 
    No 37.4 ± 7.0 3 (7) 9 (21) 7 (16) 3 (7) 
      
Dietary Factors (frequency of serving consumption in previous 2 months)  
Milk      
    Never or ≤2 times/week 35.6 ± 7.9 2 (5) 1 (2) 4 (9) 0 (0) 
    3-6 times/week 38.6 ± 8.1 1 (2) 4 (9) 2 (5) 2 (5) 
    1 time/day 40.6 ± 7.9 1 (2) 2 (5) 4 (9) 3 (7) 
    ≥2 times/day 36.1 ± 6.6 2 (5) 8 (19) 4 (9) 2 (5) 
    Missing    1 (2)  
Yogurt      
    Never or ≤3 times/month 35.1 ± 6.5 2 (5) 3 (7) 2 (5) 0 (0) 
    1-2 times/week 40.7 ± 5.8 0 (0) 2 (5) 3 (7) 2 (5) 
    3-6 times/week 35.2 ± 6.0 1 (2) 5 (12) 3 (7) 0 (0) 
    ≥1 times/day 38.7 ± 8.5 3 (7) 5 (12) 7 (16) 5 (12) 
Margarine      
    Never or ≤3 times/month 37.8 ± 7.0 3 (7) 10 (23) 11 (26) 4 (9) 
    1-6 times/week 34.9 ± 7.6 2 (5) 3 (7) 2 (5) 0 (0) 
    ≥1 times/day 40.1 ± 8.5 1 (2) 2 (5) 2 (5) 3 (7) 
Low-fat margarine      
    Yes 37.6 ± 6.3 1 (2) 3 (7) 4 (9) 1 (2) 
    No 37.8 ± 7.7 5 (12) 12 (28) 11 (26) 6 (14) 
Orange juice      
    Never 38.2 ± 6.9 1 (2) 9 (21) 6 (14) 4 (9) 
    1-3 times/month 36.4 ± 9.4 4 (9) 2 (5) 6 (14) 1 (2) 
    1-4 times/week 36.6 ± 3.1 0 (0) 4 (9) 1 (2) 0 (0) 
    ≥5 times/week 40.6 ± 7.4 1 (2) 0 (0) 2 (5) 2 (5) 
Cereals      
    Never or ≤3 times/month 36.4 ± 7.3 2 (5) 5 (12) 6 (14) 1 (2) 
    1-2 times/week 35.9 ± 6.3 1 (2) 3 (7) 3 (7) 0 (0) 
    3-4 times/week 39.1 ± 8.4 1 (2) 4 (9) 2 (5) 3 (7) 
    ≥5 times/week 39.2 ± 7.7 2 (5) 3 (7) 4 (9) 3 (7) 
Bread      
    Never or ≤3 times/month 36.2 ± 7.8 4 (9) 7 (16) 5 (12) 4 (9) 
    1-6 times/week 38.7 ± 5.5 1 (2) 4 (9) 7 (16) 0 (0) 
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    ≥1 times/day 39.5 ± 8.5 1 (2) 4 (9) 3 (7) 3 (7) 
Eggs (with yolk)      
    Never or ≤3 times/month 36.9 ± 7.5 3 (7) 5 (12) 8 (19) 1 (2) 
    1-2 times/week 37.4 ± 6.5 2 (5) 7 (16) 5 (12) 3 (7) 
    ≥3 times/week 39.9 ± 9.0 1 (2) 3 (7) 2 (5) 3 (7) 
Beef/veal      
    Never or ≤3 times/month 37.9 ± 7.4 1 (2) 6 (14) 4 (9) 2 (5) 
    1-2 times/week 37.6 ± 7.8 4 (9) 7 (16) 8 (19) 4 (9) 
    3-4 times/week 37.9 ± 7.1 1 (2) 2 (5) 3 (7) 1 (2) 
Fatty fish      
    Never 39.6 ± 4.9 0 (0) 2 (5) 5 (12) 0 (0) 
    1-3 times/month 36.7 ± 7.7 3 (7) 9 (21) 6 (14) 3 (7) 
    1-4 times/week 38.3 ± 8.1 3 (7) 4 (9) 4 (9) 4 (9) 

*Age in years. 
 

Table 5.2: Bivariate description of age by vitamin D determinant variable for summer. 

Means and standard deviations are reported for age as a continuous variable.  Frequency 

distributions and percentages are given when age is considered categorically. 

Variable 
 

Age* 
(n=38) ≤29 30-39 40-44 ≥45 

mean ± SD n (%) n (%) n (%) n (%) 
Personal Characteristics      
BMI      
    Normal/Underweight (≤24.9) 38.7 ± 6.5 1 (3) 5 (13) 8 (21) 2 (5) 
    Overweight (25-29.9) 39.6 ± 7.5 1 (3) 5 (13) 3 (8) 3 (8) 
    Obese (≥30) 35.5 ± 8.5 2 (5) 5 (13) 3 (8) 2 (5) 
Skin type      
    I - always burns, never tans 37.0 ± 5.3 0 (0) 2 (5) 1 (3) 0 (0) 
    II - usually burns, tans with difficulty  37.7 ± 9.2 2 (5) 3 (8) 3 (8) 2 (5) 
    III - sometimes burns mildly, gradually  
           tans 38.7 ± 6.6 1 (3) 8 (21) 6 (16) 3 (8) 
    IV - rarely burns, tans with ease 37.9 ± 8.6 1 (3) 2 (5) 2 (5) 2 (5) 
      
Lifestyle Factors (previous 6 months)      
Supplement use (including cod liver oil)      
    Yes 38.0 ± 8.0 3 (8) 5 (13) 5 (13) 3 (8) 
    No 38.2 ± 7.1 1 (3) 10 (26) 7 (18) 4 (11) 
Time spent outdoors on work days      
    <1 hour/day 38.3 ± 7.5 3 (8) 11 (29) 7 (18) 5 (13) 
    1-2 hours/day 37.7 ± 7.4 1 (3) 4 (11) 5 (13) 2 (5) 
Time spent outdoors on days off      
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    1-2 hours/day 37.0 ± 8.6 2 (5) 3 (8) 3 (8) 1 (3) 
    2-3 hours/day 39.0 ± 7.4 0 (0) 7 (18) 4 (11) 4 (11) 
    3-4 hours/day 34.3 ± 7.7 2 (5) 3 (8) 2 (5) 0 (0) 
    >4 hours/day 41.6 ± 3.8 0 (0) 2 (5) 3 (8) 2 (5) 
Time spent outdoors 11am-3pm      
    <1 hour/day 35.0 ± 9.1 1 (3) 2 (5) 1 (3) 1 (3) 
    1-2 hours/day 38.8 ± 7.2 2 (5) 11 (29) 7 (18) 5 (13) 
    >2 hours/day 38.0 ± 7.4 1 (3) 2 (5) 4 (11) 1 (3) 
Sunscreen Use      
    <50% of times out 39.4 ± 8.6 2 (5) 4 (11) 7 (18) 4 (11) 
     ≥50% times out 37.5 ± 6.0 1 (3) 6 (16) 4 (11) 2 (5) 
    Always 36.5 ± 6.9 1 (3) 5 (13) 1 (3) 1 (3) 
Tanning bed use      
    Yes 36.9 ± 8.9 1 (3) 4 (11) 2 (5) 1 (3) 
    No  38.5 ± 7.0 3 (8) 11 (29) 10 (26) 6 (16) 
      
Dietary Factors (frequency of serving consumption in previous 2 months)  
Milk      
    Never or ≤2 times/week 39.1 ± 4.8 0 (0) 3 (8) 4 (11) 0 (0) 
    3-6 times/week 35.2 ± 6.7 1 (3) 5 (13) 3 (8) 1 (3) 
    1 time/day 42.0 ± 9.9 1 (3) 1 (3) 2 (5) 3 (8) 
    ≥2 times/day 37.8 ± 7.2 2 (5) 6 (16) 3 (8) 3 (8) 
Yogurt      
    Never or ≤2 times/week 35.0 ± 5.4 1 (3) 6 (16) 2 (5) 0 (0) 
    3-6 times/week 35.9 ± 8.1 3 (8) 5 (13) 4 (11) 2 (5) 
    ≥1 times/day 41.7 ± 6.3 0 (0) 6 (16) 4 (11) 4 (11) 
    Missing     1 (3) 
Margarine      
    Never or ≤3 times/month 38.4 ± 7.5 2 (5) 7 (18) 6 (16) 4 (11) 
    1-6 times/week 35.4 ± 5.5 1 (3) 7 (18) 3 (8) 0 (0) 
    ≥1 times/day 41.4 ± 8.6 1 (3) 1 (3) 3 (8) 3 (8) 
Low-fat margarine      
    Yes 33.0 ± 7.3 3 (8) 4 (11) 3 (8) 0 (0) 
    No 40.3 ± 6.5 1 (3) 10 (26) 9 (24) 7 (18) 
    Missing   1 (3)   
Orange juice      
    Never 40.1 ± 6.5 0 (0) 6 (16) 7 (18) 4 (11) 
    ≤2 times/week 34.6 ± 8.9 4 (11) 4 (11) 3 (8) 1 (3) 
    ≥3 times/week 39.1 ± 5.4 0 (0) 5 (13) 2 (5) 2 (5) 
Cereals      
    Never or ≤3 times/month 38.3 ± 8.2 1 (3) 3 (8) 3 (8) 2 (5) 
    1-2 times/week 38.2 ± 7.7 2 (5) 8 (21) 4 (11) 3 (8) 
    3-4 times/week 32.2 ± 6.8 1 (3) 3 (8) 1 (3) 0 (0) 
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    ≥5 times/week 42.0 ± 3.4 0 (0) 1 (3) 3 (8) 2 (5) 
    Missing    1 (3)  
Bread      
    Never or ≤3 times/month 38.5 ± 6.8 1 (3) 4 (11) 5 (13) 2 (5) 
    1-6 times/week 34.8 ± 7.6 3 (8) 10 (26) 1 (3) 2 (5) 
    ≥1 times/day 43.2 ± 4.9 0 (0) 1 (3) 5 (13) 3 (8) 
    Missing    1 (3)  
Eggs (with yolk)      
    Never or ≤3 times/month 37.3 ± 8.4 2 (5) 4 (11) 4 (11) 2 (5) 
    1-2 times/week 39.2 ± 5.3 0 (0) 9 (24) 4 (11) 4 (11) 
    ≥3 times/week 37.2 ± 9.7 2 (5) 2 (5) 4 (11) 1 (3) 
Beef/veal      
    Never or ≤3 times/month 37.8 ± 8.8 2 (5) 4 (11) 4 (11) 2 (5) 
    1-2 times/week 37.0 ± 7.6 2 (5) 10 (26) 2 (5) 4 (11) 
    ≥3 times/week 40.4 ± 2.2 0 (0) 1 (3) 6 (16) 0 (0) 
    Missing     1 (3) 
Fatty fish      
    Never 35.7 ± 8.0 2 (5) 3 (8) 4 (11) 0 (0) 
    1-3 times/month 39.2 ± 7.4 1 (3) 8 (21) 4 (11) 4 (11) 
    1-6 times/week 38.5 ± 7.1 1 (3) 4 (11) 4 (11) 3 (8) 

*Age in years. 
 

5.1.3 BMI by Vitamin D Determinant Levels 

 Like age, BMI was also an important potential confounder, thus mean BMI in each 

determinant level was explored, as was the frequency of the distribution of each determinant 

within the BMI categories.  Table 5.3 describes BMI for the post- winter data collection and 

Table 5.4 describes BMI in summer.  Among the age categories used, mean BMI was highest in 

the ≤29 years old group, in both seasons (32.3 ± 10.4 and 31.3 ± 10.8 for winter and summer, 

respectively).   For both winter and summer respectively, for fatty fish and beef/veal intake levels, 

the lowest mean BMI was observed in the ‘never’ eats fatty fish group (24.1 ± 4.4 and 24.0 ± 

5.0), the ‘never or ≤3 times/month’ eats beef/veal group (25.8 ± 6.3 and 23.5 ± 5.0).  For winter, 

when considering tanning bed use and sun vacations taken in the past 6 months, the lowest mean 

BMI was seen among those who had ever used a tanning bed or had gone on a sun vacation (25.4 
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± 6.5 and 25.9 ± 5.5, respectively).  For summer, a lower BMI was seen among those who ever 

used a tanning bed in the past 6 months 24.4 ± 3.7 compared to those who hadn’t used them. 

 

Table 5.3: Bivariate description of BMI by vitamin D determinant variable for winter. 

Means and standard deviations are reported for BMI as a continuous variable.  Frequency 

distributions and percentages are given when BMI is considered categorically. 

Variable 
 

BMI* 
(n=43) Normal Overweight Obese 

mean ± SD n (%) n (%) n (%) 
Personal Characteristics     
Age   
    ≤29 years 32.3 ± 10.4 2 (5) 0 (0) 4 (9) 
    30-39 years 28.0 ± 5.8 5 (12) 6 (14) 4 (9) 
    40-44 years 25.5 ± 5.2 9 (21) 4 (9) 2 (5) 
    ≥45 years 28.7 ± 4.1 1 (2) 4 (9) 2 (5) 
Skin type     
    I - always burns, never tans 30.8 ± 7.2 1 (2) 1 (2) 2 (5) 
    II - usually burns, tans with difficulty  31.0 ± 6.4 2 (5) 4 (9) 6 (14) 
    III - sometimes burns mildly, gradually tans 25.6 ± 4.7 10 (23) 7 (16) 2 (5) 
    IV - rarely burns, tans with ease 26.8 ± 7.8 4 (9) 2 (5) 2 (5) 
     
Lifestyle Factors (previous 6 months)     
Supplement use (including cod liver oil)     
    Yes 27.7 ± 6.6 6 (14) 7 (16) 5 (12) 
    No 28.0 ± 6.3 11 (26) 7 (16) 7 (16) 
Tanning bed use     
    Yes 25.4 ± 6.5 7 (16) 3 (7) 2 (5) 
    No  28.8 ± 6.1 10 (23) 11 (26) 10 (23) 
Taken a sun vacation     
    Yes 25.9 ± 5.5 12 (28) 6 (14) 3 (7) 
    No 29.7 ± 6.7 5 (12) 8 (19) 9 (21) 
     
Dietary Factors (frequency of serving consumption in previous 2 months)  
Milk     
    Never or ≤2 times/week 24.9 ± 5.2 5 (12) 0 (0) 2 (5) 
    3-6 times/week 28.9 ± 6.0 3 (7) 3 (7) 3 (7) 
    1 time/day 29.5 ± 7.6 4 (9) 2 (5) 4 (9) 
    ≥2 times/day 27.9 ± 6.3 4 (9) 9 (21) 3 (7) 
    Missing     
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Yogurt     
    Never or ≤3 times/month 28.9 ± 8.4 3 (7) 1 (2) 3 (7) 
    1-2 times/week 26.7 ± 6.5 4 (9) 2 (5) 1 (2) 
    3-6 times/week 29.9 ± 5.8 2 (5) 3 (7) 4 (9) 
    ≥1 times/day 27.0 ± 5.9 8 (19) 8 (19) 4 (9) 
Margarine     
    Never or ≤3 times/month 26.9 ± 6.4 15 (35) 6 (14) 7 (16) 
    1-6 times/week 26.9 ± 4.7 1 (2) 5 (12) 1 (2) 
    ≥1 times/day 31.9 ± 6.6 1 (2) 3 (7) 4 (9) 
Low-fat margarine     
    Yes 28.5 ± 6.4 2 (5) 4 (9) 3 (7) 
    No 27.7 ± 6.4 15 (35) 10 (23) 9 (21) 
Orange juice     
    Never 27.9 ± 7.2 9 (21) 4 (9) 7 (16) 
    1-3 times/month 26.9 ± 5.3 6 (14) 4 (9) 3 (7) 
    1-4 times/week 28.0 ± 5.1 1 (2) 3 (7) 1 (2) 
    ≥5 times/week 29.9 ± 7.5 1 (2) 3 (7) 1 (2) 
Cereals     
    Never or ≤3 times/month 24.3 ± 4.2 10 (23) 3 (7) 1 (2) 
    1-2 times/week 33.1 ± 4.5 0 (0) 2 (5) 5 (12) 
    3-4 times/week 28.2 ± 6.4 3 (7) 5 (12) 2 (5) 
    ≥5 times/week 28.7 ± 7.3 4 (9) 4 (9) 4 (9) 
Bread     
    Never or ≤3 times/month 27.7 ± 6.5 10 (23) 4 (9) 6 (14) 
    1-6 times/week 25.0 ± 5.4 6 (14) 5 (12) 1 (2) 
    ≥1 times/day 31.3 ± 5.9 1 (2) 5 (12) 5 (12) 
Eggs (with yolk)     
    Never or ≤3 times/month 27.0 ± 7.0 8 (19) 4 (9) 5 (12) 
    1-2 times/week 27.5 ± 6.4 8 (19) 5 (12) 4 (9) 
    ≥3 times/week 30.1 ± 4.9 1 (2) 5 (12) 3 (7) 
Beef/veal     
    Never or ≤3 times/month 25.8 ± 6.3 6 (14) 5 (12) 2 (5) 
    1-2 times/week 28.4 ± 6.1 9 (21) 6 (14) 8 (19) 
    3-4 times/week 29.9 ± 7.1 2 (5) 3 (7) 2 (5) 
Fatty fish     
    Never 24.1 ± 4.4 5 (12) 1 (2) 1 (2) 
    1-3 times/month 28.8 ± 7.0 8 (19) 6 (14) 7 (16) 
    1-4 times/week 28.2 ± 5.8 4 (9) 7 (16) 4 (9) 

*Normal BMI category (includes one underweight individual) is BMI ≤24.9, overweight category is BMI 
25-29.9 and obese category is BMI ≥30. 
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Table 5.4: Bivariate description of BMI by vitamin D determinant variable for summer. 

Means and standard deviations are reported for BMI as a continuous variable.  Frequency 

distributions and percentages are given when BMI is considered categorically. 

Variable 
 

BMI* 
(n=38) Normal Overweight Obese 

mean ± SD n (%) n (%) n (%) 
Personal Characteristics     
Age     
    ≤29 years 31.3 ± 10.8 1 (3) 1 (3) 2 (5) 
    30-39 years 28.3 ± 5.9 5 (13) 5 (13) 5 (13) 
    40-44 years 25.0 ± 5.3 8 (21) 3 (8) 1 (3) 
    ≥45 years 28.5 ± 4.4 2 (5) 3 (8) 2 (5) 
Skin type     
    I - always burns, never tans 31.4 ± 7.1 0 (0) 2 (5) 1 (3) 
    II - usually burns, tans with difficulty  27.8 ± 6.2 4 (11) 4 (11) 2 (5) 
    III - sometimes burns mildly, gradually tans 28.2 ± 6.3 7 (18) 5 (13) 6 (16) 
    IV - rarely burns, tans with ease 24.3 ± 5.3 5 (13) 1 (3) 1 (3) 
     
Lifestyle Factors (previous 6 months)     
Supplement use (including cod liver oil)     
    Yes 27.0 ± 6.8 6 (16) 7 (18) 3 (8) 
    No 28.1 ± 5.8 10 (26) 5 (13) 7 (18) 
Time spent outdoors on work days     
    <1 hour/day 27.6 ± 6.2 10 (26) 9 (24) 7 (18) 
    1-2 hours/day 27.6 ± 6.4 6 (16) 3 (8) 3 (8) 
Time spent outdoors on days off     
    1-2 hours/day 27.0 ± 7.8 5 (13) 2 (5) 2 (5) 
    2-3 hours/day 28.9 ± 5.6 5 (13) 5 (13) 5 (13) 
    3-4 hours/day 26.7 ± 6.9 3 (8) 2 (5) 2 (5) 
    >4 hours/day 26.5 ± 5.2 3 (8) 3 (8) 1 (3) 
Time spent outdoors 11am-3pm     
    <1 hour/day 26.5 ± 4.2 1 (3) 3 (8) 1 (3) 
    1-2 hours/day 28.3 ± 6.2 10 (26) 8 (21) 7 (18) 
    >2 hours/day 26.1 ± 7.4 5 (13) 1 (3) 2 (5) 
Sunscreen Use     
    <50% of times out 25.6 ± 5.4 10 (26) 5 (13) 2 (5) 
     ≥50% times out 29.0 ± 6.5 4 (11) 5 (13) 4 (11) 
    Always 29.7 ± 6.7 2 (5) 2 (5) 4 (11) 
Tanning bed use     
    Yes 24.4 ± 3.7 5 (13) 3 (8) 0 (0) 
    No  28.5 ± 6.5 11 (29) 9 (24) 10 (26) 
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Dietary Factors (frequency of serving consumption in previous 2 months)  
Milk     
    Never or ≤2 times/week 24.2 ± 5.1 5 (13) 1 (3) 1 (3) 
    3-6 times/week 28.9 ± 5.9 3 (8) 4 (11) 3 (8) 
    1 time/day 29.5 ± 5.1 2 (5) 3 (8) 2 (5) 
    ≥2 times/day 27.5 ± 7.1 6 (16) 4 (11) 4 (11) 
Yogurt     
    Never or ≤2 times/week 30.4 ± 8.6 3 (8) 2 (5) 4 (11) 
    3-6 times/week 27.8 ± 6.0 5 (13) 5 (13) 4 (11) 
    ≥1 times/day 26.0 ± 4.3 7 (18) 5 (13) 2 (5) 
    Missing  1 (3)   
Margarine     
    Never or ≤3 times/month 27.2 ± 6.5 10 (26) 4 (11) 5 (13) 
    1-6 times/week 29.1 ± 7.3 3 (8) 4 (11) 4 (11) 
    ≥1 times/day 26.6 ± 3.3 3 (8) 4 (11) 1 (3) 
Low-fat margarine     
    Yes 30.3 ± 7.2 3 (8) 3 (8) 4 (11) 
    No 26.7 ± 5.7 13 (34) 8 (21) 6 (16) 
    Missing   1 (3)  
Orange juice     
    Never 26.1 ± 5.9 11 (29) 2 (5) 4 (11) 
    ≤2 times/week 29.0 ± 7.8 4 (11) 4 (11) 4 (11) 
    ≥3 times/week 28.7 ± 3.6 1 (3) 6 (16) 2 (5) 
Cereals     
    Never or ≤3 times/month 24.4 ± 3.1 5 (13) 4 (11) 0 (0) 
    1-2 times/week 30.0 ± 6.4 5 (13) 5 (13) 7 (18) 
    3-4 times/week 27.5 ± 7.2 2 (5) 1 (3) 2 (5) 
    ≥5 times/week 24.0 ± 3.6 4 (11) 2 (5) 0 (0) 
    Missing    1 (3) 
Bread     
    Never or ≤3 times/month 27.0 ± 6.0 5 (13) 4 (11) 3 (8) 
    1-6 times/week 28.6 ± 7.7 8 (21) 2 (5) 6 (16) 
    ≥1 times/day 27.3 ± 2.8 2 (5) 6 (16) 1 (3) 
    Missing  1 (3)   
Eggs (with yolk)     
    Never or ≤3 times/month 24.9 ± 7.3 9 (24) 1 (3) 2 (5) 
    1-2 times/week 28.6 ± 5.3 5 (13) 7 (18) 5 (13) 
    ≥3 times/week 29.5 ± 5.5 2 (5) 4 (11) 3 (8) 
Beef/veal     
    Never or ≤3 times/month 23.5 ± 5.0 9 (24) 2 (5) 1 (3) 
    1-2 times/week 30.3 ± 5.4 3 (8) 8 (21) 7 (18) 
    ≥3 times/week 28.5 ± 6.8 3 (8) 2 (5) 2 (5) 
    Missing  1 (3)   
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Fatty fish     
    Never 24.0 ± 5.0 6 (16) 2 (5) 1 (3) 
    1-3 times/month 29.8 ± 7.2 7 (18) 4 (11) 6 (16) 
    1-6 times/week 27.3 ± 4.1 3 (8) 6 (16) 3 (8) 

*Normal BMI category (includes one underweight individual) is BMI ≤24.9, overweight category is BMI 
25-29.9 and obese category is BMI ≥30. 
 

5.2 Description of Determinants by Vitamin D Sufficiency Status 

An alternative method for describing seasonal vitamin D levels was by classifying people 

into categories, based on their measured serum 25(OH)D concentrations.  Vitamin D sufficiency 

cut-offs have been previously described in the literature.12-15  For the purposes of this study, a 

dichotomous outcome of vitamin D insufficiency and sufficiency was considered as the study 

population size was small.  The characteristics of the study participants by vitamin D sufficiency 

status were described for winter (Table 5.5) and summer (Table 5.6) independently.  Results 

highlighted here are for those determinant variables that were in the final multivariate models for 

serum 25(OH)D concentrations in each season.   

In winter, 23% of all nurses had sufficient vitamin D and ever used tanning beds in the 

previous 6 months compared to 44% of them who were insufficient and never used them.  Also, 

33% of all nurses were sufficient in vitamin D and consumed fortified yogurt ‘≥1 times/day’, 

while 14% were insufficient and ate yogurt ‘never or ≤3 times/month’.  In summer, 37% and 21% 

of all participants were sufficient and ever used supplements and tanning beds, respectively, in 

the previous 6 months, while 18% and 24% were insufficient and never used supplements or 

tanning beds, respectively.  Additionally, considering all subjects in summer, 18% consumed 

beef/veal ‘≥3 times/week’ and were vitamin D sufficient compared to 8% who consumed 

beef/veal ‘never or ≤3 times/month’ and were insufficient. 
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Table 5.5: Characteristics of participants defined by serum 25(OH)D concentrations of 

≤30ng/mL post-winter 

Variable   
  

Insufficient 
(n = 21) 
n (%) 

Sufficient 
(n=22) 
n (%) 

Personal Characteristics   
Age   
    ≤29 years 4 (9) 2 (5) 
    30-39 years 7 (16) 8 (19) 
    40-44 years 6 (14) 9 (21) 
    ≥45 years 4 (9) 3 (7) 
BMI   
    Normal/Underweight (≤24.9) 6 (14) 11 (26) 
    Overweight (25-29.9) 7 (16) 7 (16) 
    Obese (≥30) 8 (19) 4 (9) 
Skin type   
    I - always burns, never tans 2 (5) 2 (5) 
    II - usually burns, tans with difficulty  6 (14) 6 (14) 
    III - sometimes burns mildly, gradually tans 9 (21) 10 (23) 
    IV - rarely burns, tans with ease 4 (9) 4 (9) 
   
Lifestyle factors (previous 6 months)   
Supplement use (including cod liver oil)   
    Yes 8 (19) 10 (23) 
    No 12 (28) 13 (30) 
Tanning bed use   
    Yes 2 (5) 10 (23) 
    No  19 (44) 12 (28) 
Taken a sun vacation   
    Yes 8 (19) 13 (30) 
    No 13 (30) 9 (21) 
   
Dietary Factors (frequency of serving 
consumption in previous 2 months)   
Milk   
    Never or ≤2 times/week 4 (9) 3 (7) 
    3-6 times/week 4 (9) 5 (12) 
    1 time/day 4 (9) 6 (14) 
    ≥2 times/day 8 (19) 8 (19) 
    Missing 1 (2)  
Yogurt   
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    Never or ≤3 times/month 6 (14) 1 (2) 
    1-2 times/week 5 (12) 2 (5) 
    3-6 times/week 4 (9) 5 (12) 
    ≥1 times/day 6 (14) 14 (33) 
Margarine   
    Never or ≤3 times/month 13 (30) 15 (35) 
    1-6 times/week 5 (12) 2 (5) 
    ≥1 times/day 3 (7) 5 (12) 
Low-fat margarine   
    Yes 4 (9) 5 (12) 
    No 17 (40) 17 (40) 
Orange juice   
    Never 8 (19) 12 (28) 
    1-3 times/month 7 (16) 6 (14) 
    1-4 times/week 2 (5) 3 (7) 
    ≥5 times/week 4 (9) 1 (2) 
Cereals   
    Never or ≤3 times/month 7 (16) 7 (16) 
    1-2 times/week 3 (7) 4 (9) 
    3-4 times/week 5 (12) 5 (12) 
    ≥5 times/week 6 (14) 6 (14) 
Bread   
    Never or ≤3 times/month 11 (26) 9 (21) 
    1-6 times/week 4 (9) 8 (19) 
    ≥1 times/day 6 (14) 5 (12) 
Eggs (with yolk)   
    Never or ≤3 times/month 10 (23) 7 (16) 
    1-2 times/week 8 (19) 9 (21) 
    ≥3 times/week 3 (7) 6 (14) 
Beef/veal   
    Never or ≤3 times/month 5 (12) 8 (19) 
    1-2 times/week 13 (30) 10 (23) 
    3-4 times/week 3 (7) 4 (9) 
Fatty fish   
    Never 4 (9) 3 (7) 
    1-3 times/month 8 (19) 13 (30) 
    1-4 times/week 9 (21) 6 (14) 
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Table 5.6: Characteristics of participants defined by serum 25(OH)D concentration of 

≤30ng/mL post-summer. 

Variable  
  

Insufficient 
(n = 9) 
n (%) 

Sufficient 
(n= 29) 
n (%) 

Personal Characteristics   
Age   
    ≤29 years 2 (5) 2 (5) 
    30-39 years 4 (11) 11 (29) 
    40-44 years 1 (3) 11 (29) 
    ≥45 years 2 (5) 5 (13) 
BMI   
    Normal/Underweight (≤24.9) 3 (8) 13 (34) 
    Overweight (25-29.9) 2 (5) 10 (26) 
    Obese (≥30) 4 (11) 6 (16) 
Skin type   
    I - always burns, never tans 1 (3) 2 (5) 
    II - usually burns, tans with difficulty  4 (11) 6 (16) 
    III - sometimes burns mildly, gradually tans 4 (11) 14 (37) 
    IV - rarely burns, tans with ease 0 (0) 7 (18) 
   
Lifestyle factors (previous 6 months)   
Supplement use (including cod liver oil)   
    Yes 2 (5) 14 (37) 
    No 7 (18) 15 (39) 
Time spent outdoors on work days   
    <1 hour/day 7 (18) 19 (50) 
    1-2 hours/day 2 (5) 10 (26) 
Time spent outdoors on days off   
    1-2 hours/day 2 (5) 7 (18) 
    2-3 hours/day 4 (11) 11 (29) 
    3-4 hours/day 2 (5) 5 (13) 
    >4 hours/day 1 (3) 6 (16) 
Time spent outdoors 11am-3pm   
    <1 hour/day 2 (5) 3 (8) 
    1-2 hours/day 6 (16) 19 (50) 
    >2 hours/day 1 (3) 7 (18) 
Sunscreen Use   
    <50% of times out 3 (8) 14 (37) 
    ≥50% times out 5 (13) 8 (21) 
    Always 1 (3) 7 (18) 
Tanning bed use   
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    Yes 0 (0) 8 (21) 
    No  9 (24) 21 (55) 
   
Dietary Factors (frequency of serving 
consumption in previous 2 months)   
Milk   
    Never or ≤2 times/week 0 (0) 7 (18) 
    3-6 times/week 4 (11) 6 (16) 
    1 time/day 2 (5) 5 (13) 
    ≥2 times/day 3 (8) 11 (29) 
Yogurt   
    Never or ≤2 times/week 2 (5) 7 (18) 
    3-6 times/week 3 (8) 11 (29) 
    ≥1 times/day 3 (8) 11 (29) 
    Missing 1 (3)  
Margarine   
    Never or ≤3 times/month 7 (18) 12 (32) 
    1-6 times/week 1 (3) 10 (26) 
    ≥1 times/day 1 (3) 7 (18) 
Low-fat margarine   
    Yes 3 (8) 7 (18) 
    No 5 (13) 22 (58) 
    Missing 1 (3)  
Orange juice   
    Never 4 (11) 13 (34) 
    ≤2 times/week 2 (5) 10 (26) 
    ≥3 times/week 3 (8) 6 (16) 
Cereals   
    Never or ≤3 times/month 2 (5) 7 (18) 
    1-2 times/week 5 (13) 12 (32) 
    3-4 times/week 1 (3) 4 (11) 
    ≥5 times/week 1 (3) 5 (13) 
    Missing  1 (3) 
Bread   
    Never or ≤3 times/month 3 (8) 9 (24) 
    1-6 times/week 5 (13) 11 (29) 
    ≥1 times/day 1 (3) 8 (21) 
    Missing  1 (3) 
Eggs (with yolk)   
    Never or ≤3 times/month 4 (11) 8 (21) 
    1-2 times/week 2 (5) 15 (39) 
    ≥3 times/week 3 (8) 6 (16) 
Beef/veal   
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    Never or ≤3 times/month 3 (8) 9 (24) 
    1-2 times/week 5 (13) 13 (34) 
    ≥3 times/week 0 (0) 7 (18) 
    Missing 1 (3)  
Fatty fish   
    Never 1 (3) 8 (21) 
    1-3 times/month 5 (13) 12 (32) 
    1-6 times/week 3 (8) 9 (24) 

 

5.3 Assessment of Associations Between Independent Variables 

 Associations between all independent variables were explored.  The primary goal of 

examining these variables was to identify which were significantly related with the variables kept 

in the final multivariate models.  This analysis helped in the description and interpretation of the 

meaning of the determinants kept in the models and identified that variables may represent proxy 

measurements for others. 

In winter, variables that were significantly associated included, fortified yogurt 

consumption and tanning bed use (p=0.002); consumption of milk and cereal (p=0.008); and 

consumption of fortified margarine and orange juice (p=0.008), cereal (p=0.003), and bread 

(p=0.016) (Table 5.9).  In summer, significant associations were found between skin type and 

supplement use (p=0.035); time spent outdoors on days off and time spent outdoors between 

11am and 3pm (p=0.034); fortified milk consumption and time spent outdoors on work days 

(p=0.038); fortified milk consumption and time spent outdoors on days off (p=0.023); 

consumption of fortified milk and fatty fish (p=0.037); consumption of fortified margarine and 

bread (p=0.02); fortified bread consumption and time spent outdoors between 11am and 3pm 

(p=0.007); consumption of fortified orange juice and eggs (p=0.046); consumption of fortified 

orange juice and beef/veal (p=0.014); consumption of eggs and beef/veal (p=0.002); and fatty fish 

consumption and sunscreen use (p=0.014) (Table 5.10).



Table 5.7: P-values for associations among independent variables investigated for winter. 

  
  

Skin 
type 

Supplement 
use 

Tan bed 
use 

Sun 
vacation

 
Milk 

 
Yogurt 

 
Marg.

Low-fat 
marg. 

Orange 
juice 

 
Cereal 

 
Bread 

Eggs 
(w/ yolk) 

Beef/ 
veal 

Fatty 
fish 

Skin type  0.12 0.30 0.72 0.78 0.07 0.22 0.67 0.93 0.23 0.21 0.87 0.07 0.38 
Supplement 
use   0.17 0.90 0.68 0.29 0.90 0.56 0.42 0.77 0.62 0.58 0.34 0.23 
Tan bed use    0.15 0.41 0.002* 0.32 0.67 0.52 0.59 0.83 0.91 0.60 0.60 
Sun vacation     0.62 0.50 0.33 0.23 0.70 0.91 0.33 0.63 0.39 0.71 
Milk      0.49 0.31 0.09 0.11 0.008* 0.87 0.60 0.26 0.59 
Yogurt       0.59 0.75 0.41 0.38 0.85 0.23 0.67 0.25 
Margarine        0.36 0.008* 0.003* 0.02* 0.09 0.75 0.46 
Low-fat marg.         0.77 0.84 1.00 0.06 0.59 1.00 
Orange juice          0.18 0.22 0.70 0.12 0.98 
Cereal           0.25 0.75 0.18 0.21 
Bread            0.81 1.00 0.67 
Eggs (w/ yolk)             0.99 0.59 
Beef/veal              0.12 
Fatty fish               

*Chi-squared and Fisher’s exact test (when 1 or more cells <5) used to test for a significant relationship between independent variables considered in the winter 
regression (p<0.05).
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Table 5.8: P-values for associations among independent variables investigated for summer. 

 
  

Skin 
type 

Suppl.  
Use 

Out on 
work 
days 

Out on 
days  
off 

Out on 
11am-
3pm 

Sun 
screen 

use 

Tan 
bed 
use Milk 

  
Yogurt 

  
Marg. 

Low-
fat  

marg. 
Orange 
juice 

  
Cereal 

  
Bread 

Eggs 
(w/ 

yolk) 
Beef/ 
veal 

Fatty 
fish 

Skin type  0.04* 0.80 0.90 0.09 0.13 0.73 0.28 0.83 0.65 0.24 0.60 0.77 0.79 0.15 0.98 0.76 
Supplement 
use   0.46 0.50 0.23 0.64 0.24 0.94 0.91 0.91 0.48 0.12 0.71 0.41 0.41 0.91 0.77 
Outdoors  
work days    0.12 0.67 1.00 1.00 0.04* 0.59 0.28 1.00 0.82 0.73 0.75 0.55 0.36 0.61 
Outdoors  
days off     0.03* 0.37 0.34 0.02* 0.46 0.31 0.22 0.25 0.93 0.33 0.90 0.14 0.10 
Outdoors 
11am-3pm      0.09 0.85 0.74 0.94 0.63 0.55 0.40 0.12 0.007* 0.75 0.69 0.10 
Sunscreen 
use       0.17 0.07 0.07 0.23 0.8 0.20 0.68 0.63 0.31 0.55 0.01* 
Tan bed 
use        0.38 0.88 0.39 0.17 0.20 0.93 1.00 0.88 0.57 0.07 
Milk         0.71 0.22 0.46 0.71 0.49 0.32 0.71 0.46 0.04* 
Yogurt          0.54 0.90 0.98 0.42 0.41 0.22 0.90 0.05 
Margarine           0.89 0.18 0.67 0.02* 0.53 0.49 0.8 
Low-fat 
margarine            0.13 0.33 0.90 0.20 0.88 1.00 
Orange 
juice             0.23 0.47 0.05* 0.01* 0.43 
Cereal              0.23 0.75 0.11 0.58 
Bread               0.09 0.29 0.11 
Eggs (w/ 
yolk)                0.002* 0.24 
Beef/veal                 0.16 
Fatty fish                  

*Chi-squared and Fisher’s exact test (when 1 or more cells <5) used to test for significant relationship between the independent variables considered in the winter 
regression (p<0.05) 
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5.4 Assessment of Vitamin D Measurement Reliability 

All samples analyzed were run in duplicate for the purpose of assessing the accuracy of 

the RIA conducted in each season.  With the duplicates, two CPM values from each participant’s 

blood samples were produced.  The correlation between counts in a given seasonal assay was 

generated.  It was expected that the counts of duplicates would be approximately equal in order to 

maximize the accuracy of the results.  For winter, the counts were significantly correlated 

(p<0.0001) and the intra-assay correlation coefficient was 0.99.  The counts were also 

significantly correlated for summer (p<0.0001) with a correlation coefficient of 0.98. 
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Chapter 6 

General Discussion 

6.1 Summary of Main Findings 

 The objectives of this thesis were to describe seasonal variations in vitamin D 

concentrations and the prevalence of vitamin D insufficiency post-winter and post-summer 

among a group of premenopausal nurses.  In addition, this thesis explored the distribution of 

factors potentially influencing vitamin D status in this population and investigated which were 

significant determinants of vitamin D levels. 

6.1.1 Distribution of Variables Influencing Vitamin D Levels 

 Various personal, lifestyle, and dietary factors relevant to vitamin D were examined in 

participants for winter and summer.  The frequency of supplement use in the previous 6 months 

was identical across seasons.  As expected, sun vacations were more commonly taken in winter.  

Overall, the distribution of the majority of factors influencing vitamin D levels in each season 

was similar. 

6.1.2 Seasonal Variations in Serum 25(OH)D Concentrations 

This study found that mean serum 25(OH)D concentrations post-winter and post-summer 

were slightly above the literature cutoff of 30ng/mL for vitamin D sufficiency.  However, a 

significant difference between these means was observed across seasons.  The results of this 

thesis were consistent with previous research that has illustrated significant seasonal variation in 

vitamin D levels above 40ºN latitude.1, 2  As the data collection periods representing post-winter 

and post-summer vitamin D status followed the expected timing of annual minimums and 

maximums in vitamin D levels, these findings are consistent with the concept of a “vitamin D 
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winter”3  and with the physiology of vitamin D storage whereby cutaneous synthesis from sun 

exposure in winter does not occur, thus stores become depleted only to be replenished after high 

sun exposure in the summer.4, 5  There was also a wide range in serum 25(OH)D levels measured 

in each season, but this range was particularly pronounced for post-summer.  The large range of 

serum 25(OH)D levels observed within each season can be explained by the array of factors that 

contribute to an individual’s circulating vitamin D levels.  As different combinations of factors 

contribute to determining these levels in an individual, vitamin D levels are highly variable from 

one person to the next.  The wider range of serum 25(OH)D values post-summer compared to 

post-winter can be explained by the contribution of a greater number of variables to determining 

levels in this season.  Due to the inability to synthesize cutaneous vitamin D in the winter at 

latitudes above 40ºN, sun exposure and sun protection variables were only relevant to the summer 

analysis and should not have influenced winter results.1, 6  

6.1.3 Seasonal Prevalence of Vitamin D Insufficiency  

 The prevalence of vitamin D insufficiency, as defined by serum 25(OH)D concentrations 

≤30ng/mL, was calculated for each season separately.  As expected, a significant difference in the 

prevalence of insufficiency was found between seasons; however, a high prevalence of 

insufficiency was observed not only in the post-winter sampling period (49%), but unexpectedly 

post-summer (24%) as well.  Previous investigations in similar populations and at comparable 

latitudes have focused mainly on describing the prevalence of insufficiency at one specific point 

in time, usually towards the end of winter.7-13  Results of these studies have been highly variable 

with one study reporting insufficiency as low as 20-28%,14  while another reported it as high as 

75%,9  depending on the definition of insufficiency used. 

In the context of cancer development, previous studies particularly of breast and colon 

cancer among women, have demonstrated greater risk (30-50%) for cancer at these sites with low 
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vitamin D levels.15-21  Although little is known about the biologically relevant time window for 

low vitamin D exposure on cancer development, previous research has suggested low 25(OH)D 

levels among premenopausal women may result in increased postmenopausal cancer risk.17, 20, 22  

The results of this study indicate vitamin D insufficiency is highly prevalent in this 

premenopausal study population, and in the context of vitamin D and cancer research could 

therefore have implications for postmenopausal cancer development.  As cancer is a long-latency 

disease,23  chronic rather than acute vitamin D insufficiency is likely to lead to cancer 

development.  Thus, the cross-sectional measurement of serum 25(OH)D levels and the resultant 

high prevalence of insufficiency observed across two time points in this study, may provide an 

indication of potentially chronic low vitamin D exposure, if diet and lifestyle factors remain 

constant over time, among individuals who were insufficient at both points.    

6.1.4 Determinants of Serum 25(OH)D Concentrations 

 For winter, higher serum 25(OH)D levels were best predicted by tanning bed use in the 

previous 6 months, while controlling for age, BMI, and vitamin D-fortified yogurt consumption.  

For summer, supplement use and tanning bed use in the past 6 months were associated with 

higher serum 25(OH)D levels while controlling for age, BMI, and beef/veal consumption.  

Several other personal, lifestyle and dietary factors were explored but not associated with serum 

25(OH)D in either season, including self-reported skin pigmentation, sun vacations in winter, 

time spent outdoors and sunscreen use in summer, as well as a number of other dietary variables.  

Overall, the R2 values for the winter and summer multivariate models were 41% and 53%, 

respectively.  Despite the small sample size and possible non-differential misclassification, both 

models accounted for a high degree of the variability observed in the outcome. 

 The results of existing research investigating determinants of vitamin D status are varied.  

One study conducted among Swedish women showed fatty fish, vitamin D fortified reduced-fat 



 

 119

dairy products, regular supplement use, and taking sun vacations as significant predictors of 

winter serum 25(OH)D levels.24  Tanning bed use, however, was rare among this study population 

(3%), and therefore could not be examined for an association with 25(OH)D levels.24  A study 

among Danish perimenopausal women concluded that vitamin D insufficiency occurred most 

readily among those who avoided summer sun exposure and did not take supplements,25  while a 

study focusing on the impact of tanning bed use on vitamin D levels found that regular use was 

associated with higher serum 25(OH)D concentrations.26  Among women in Ontario, a study 

looking at determinants of serum 25(OH)D levels by season found that higher serum 25(OH)D 

concentrations were predicted by age, sunlamp use, milk consumption, vitamin D-containing 

supplement use, and BMI (marginally associated) in winter, while the predictors in summer were 

skin colour, BMI, spending 0.5 hours outdoors every day, less coverage of limbs, and increased 

milk consumption.27    

The results of this study are consistent with previous studies exploring determinants of 

vitamin D status, particularly with respect to associations between supplement and tanning bed 

use and higher vitamin D levels.  Concerns exist, however, regarding the safety of obtaining 

vitamin D by these methods.  With respect to supplements, vitamin D toxicity from 

overconsumption of supplements is a relevant concern, although recently evidence has grown in 

favor of increasing vitamin D supplementation, food fortification, and of raising the DRI value.28  

Due to evidence showing vitamin D deficiency is reemerging as a significant health concern, the 

current daily DRI of 200IU of vitamin D daily for adults up to 50 years old29-31  will likely be 

increased by 2010.  Guidelines for safe operation and utilization of tanning beds do exist; 

however, these guidelines are insufficient in their acknowledgment of the adverse effects of 

tanning beds on skin damage and melanoma risk, and are not explicit regarding how much time 

should be spent exposed.32  As in the case of direct sun exposure, there is no designated safe 
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amount of tanning bed exposure, as there are many factors specific to an individual that influence 

reactions to UVB exposure.  Research has suggested not only that the prevalence of tanning bed 

use among Canadian and American adults 18-30 years old is over 20%, but also that there are 

many false beliefs regarding tanning equipment as a safer form of tanning than direct sun 

exposure outdoors.33, 34  Consequently, although tanning beds as a form of UVB exposure do 

permit cutaneous synthesis of vitamin D, supplement use still appears to be a safer and more 

effective method of increasing vitamin D levels in winter, especially considering tanning bed 

lamps predominantly emit large amounts of damaging UVA rays. 

Overall the population of nurses studied here were relatively healthy women as they were 

able to work, however, a high proportion of these nurses, particularly the younger ones, were 

overweight or obese.  An inverse relationship between BMI and serum 25(OH)D concentrations10, 

13, 35-38  as well as between age and this outcome5, 6, 13, 39-43  have been well characterized.  Although 

not statistically significant in this study, this association was apparent for BMI, but not for age.  

An explanation for the age relationship not being as apparent here is that the participant 

population was largely comprised of women in a relatively narrow age range.  BMI’s were 

relatively high among these generally young women and it appears that serum 25(OH)D 

concentrations were most influenced by their behavioural patterns and physiology associated with 

their BMI status, rather than by their age.   

 Consumption of yogurt fortified with vitamin D was the only dietary variable that was 

borderline significantly predictive of high serum 25(OH)D levels in winter.  This specific variable 

has not been previously recognized as a significant determinant and it is possible that it was a 

proxy for other measured determinants.  Low-fat dairy products and milk consumption have been 

shown to be associated with vitamin D levels in other studies.24, 27  Many, although not all, types 

of vitamin D-fortified yogurt are made using vitamin D-fortified skim milk (indicated on 
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“Ingredients” and “Nutrition Facts” label).  As a result, it is possible that yogurt consumption in 

this study was actually a proxy measure for milk consumption. 

 

6.2 Strengths & Limitations 

The main strength of this research was the utilization of an objective measurement of the 

major circulating form of vitamin D in the bloodstream, 25(OH)D, as inferring serum vitamin D 

levels from questionnaire information has been shown to leave potential for misclassification.44  

Assays for the measurement of 25(OH)D have existed since 1971, and although several different 

types are used, quantitative methods have proven a requirement for the accurate and reliable 

measurement of vitamin D in epidemiologic studies.45-47  In combination, objective laboratory 

measures and questionnaires provide a thorough means of describing both vitamin D status and 

potential determinants. 

 Secondly, this study contributes observational evidence on the seasonal variation in 

25(OH)D concentrations and on the prevalence of insufficiency across seasons among 

premenopausal women.  Only a few studies conducted at a similar latitude as Kingston, Ontario 

include women of childbearing age.7-12  These studies focus on a sole measurement of vitamin D 

to determine prevalence of insufficiency, usually representing vitamin D status towards the end of 

the winter, rather than comparing sufficiency across seasons. 

 Finally, the time points at which data collection occurred for this project approximated 

the annual time points where the peak and trough in vitamin D levels were expected to occur.  It 

has been well documented that above 40ºN latitude vitamin D production does not occur between 

October and March.1, 4, 6  The seasonal cycling in vitamin D status has also been well 

demonstrated whereby minimums are reached in late winter when vitamin D stores have been 

depleted, and maximums are reached in late summer, 6-8 weeks after peak UVB exposure 
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occurs.5, 48  Capturing close to these highs and lows in serum 25(OH)D concentrations gave the 

study more power to detect a significant difference in levels between seasons, if one truly existed, 

by maximizing the variability in the outcome data.    

Although this study had a number of strengths, it also had several limitations that must be 

considered.  One limitation of this research was the small sample size.  Small sample sizes affect 

a study’s ability to detect an effect if one truly exists in the data.  The limiting effects of a small 

sample size influenced this study’s ability to assemble predictive models for each season of 

determinants that were significantly associated with serum 25(OH)D concentrations.  The 

multivariate models were not sufficiently powered to detect the effects of each of the 

determinants on serum 25(OH)D concentrations while controlling for others.  However, some of 

the restrictions posed by the small sample size were overcome by the large variation in serum 

25(OH)D levels. 

Secondly, there was potential for misclassification of determinants of vitamin D status, as 

the questionnaire used to collect this information was not validated and the information was self-

reported by participants.  The accuracy of the information obtained via the questionnaire was 

dependent on the ability of the participants to accurately report on their personal characteristics, 

UVB exposure patterns, and consumption of vitamin D-containing foods over the past 2 months.  

Any recall problems could have led to exposure misclassification.  If misclassification did occur, 

it was expected to be non-differential in nature, biasing estimates towards the null, as there is no 

reason to expect that nurses reported information differently by season or actual vitamin D status.  

Currently, a standard validated questionnaire to accurately measure sun exposure 

variables does not exist.44  Research has shown statistically significant correlations between self-

reported and objective measures of UVB exposure; however, not without leaving a large amount 

of variation in exposure unexplained.44  Previous research suggests that questionnaires focusing 
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on shorter and more recent periods of time to recall sun exposure variables have greater 

accuracy.44  Misclassification of skin type was possible, as studies have suggested that the validity 

of the Fitzpatrick classification system may be compromised due to its self-report nature and to 

the tendency for tanning ability to be over-reported and for burning tendency to be under-

reported.49, 50  Also, the variable used to represent supplement use simply categorized nurses as 

ever or never users; however, there was likely a great deal of variation in the types of 

supplements used.  Differences in the frequency of use and in the dose consumed by supplement 

users were likely to have affected whether or not supplements significantly contributed to 

circulating vitamin D levels.  Thus, misclassification would have been present if supplement use 

in small amounts was reported but did not greatly influence blood levels; these “users” would 

then be more similar to non-users.  In terms of diet-related questions, past research has shown that 

a minimum 3-month time window is needed in order to capture less commonly consumed food 

items and accurately quantify vitamin D from this information.51  For the purposes of this thesis, 

data collection over 3-months was not feasible due to the pre-established timelines of the larger 

study to which this project was attached.  Consequently, the dietary questions in the questionnaire 

for this thesis were not included for the purpose of estimating the amount of vitamin D consumed 

over the data collection period, but rather to derive a sense of the patterns of food item 

consumption and supplement use that may be relevant to seasonal variation in vitamin D status.  

Misclassification of dietary variables was possible but, because the questionnaire focused on a 

time frame of only a few months, issues with participant recall should have been minimized. 

There are also some limitations in the accuracy of the RIA that was used for quantifying 

serum 25(OH)D concentrations as there is a great deal of variability within and between assays.  

It has been well established that the antibody used in the RIA procedure recognizes some of the 

polar metabolites of vitamin D and cannot differentiate between these and 25(OH)D2 and 
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25(OH)D3.45-47  As a result, RIA’s have a slight tendency to overestimate 25(OH)D levels; 

however, the contribution of the polar metabolites to the overall measure of 25(OH)D in 

circulation is rather small (≤6%).45  If the RIA did overestimate the results, this would have 

underestimated the prevalence of insufficiency in each season, making it more difficult to detect 

significant differences in the proportion of individuals who were insufficient across seasons.  It is 

expected that if this source of potential error occurred that it would have applied to all subjects 

and to both seasons equally. 

All participants in this study were volunteers, thus volunteer bias may have been present 

in the research results.  Volunteer bias occurs when those who volunteer to participate in a study 

are systematically different from those who do not.  Nurses who participated in the study may 

have been generally healthier and more aware of seasonal variations and sources of vitamin D 

and thus may have been more likely to use supplements, consume foods containing vitamin D, or 

seek alternative sources of UVB radiation in the winter months.  If this were the case, then 

variability in serum 25(OH)D concentrations, particularly for the post-winter data collection, 

would have been reduced, perhaps making these serum 25(OH)D concentrations more similar to 

those post-summer.  As a result, the ability of the study to detect seasonal differences in serum 

25(OH)D levels and in the prevalence of insufficiency would have been reduced.  However, 

because the objectives of this thesis were not originally included in the original larger study and 

were not advertised during study recruitment, it is unlikely that this type of volunteer bias 

affected vitamin D results specifically. 

Finally, the generalizability of the study results to the general public may be poor due to 

the nature of the nurses’ rotating shift work pattern.  These types of nurses may have had altered 

sun exposure and dietary consumption patterns than we would expect from the general public.  

These nurses may differ from the general population in their seasonal vitamin D levels and with 
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respect to the determinants explored, due to the nature of their work and to their leisure habits.  

Recent preliminary data from the Canadian Health Measures Survey (CHMS), a population-based 

survey with participants from all parts of Canada, showed a mean plasma 25(OH)D concentration 

of 26.6ng/mL among female participants 20-39 and 40-59 years old.52   The CHMS results 

represent data from many locations across Canada at various times of the year, so although they 

differ slightly from the results in this thesis, they are likely to be more similar if locations and 

dates of blood collections are considered in the future analyses of CHMS data.  Ideally, it would 

have been advantageous to use a population-based sample in the CHMS to examine vitamin D 

levels, however, as this vitamin D research was originally unfunded and an add-on to an on-going 

larger study these scenarios were not possible. 

 

6.3 Future Directions 

The prevalence of vitamin D insufficiency among the women in this study can be judged 

as high post-winter (49%) and post-summer (24%).  Results also suggest that tanning bed use is a 

strong determinant of serum vitamin D in summer and winter, and that vitamin D-fortified yogurt 

consumption also contributes to winter levels whereas beef/veal consumption and supplement use 

contribute to serum levels in summer.  These results, however, should be interpreted with caution 

as the population of study was a group of rotating shift nurses working at a specific latitude.  The 

study findings should be applicable to other populations above 40ºN latitude but the external 

validity of these results could be affected by the work schedule of the subjects.  Small sample size 

limited the ability of this study to identify other determinants of serum 25(OH)D concentrations if 

they exist. 
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Future research focusing on vitamin D levels among premenopausal women should be 

expanded outside a population of nurses and should consider a more diverse population, including 

women of various ethnic backgrounds.  This would help assure the generalizability of study 

results to a more diverse population.  Larger populations would improve study power to detect 

and label as statistically significant true predictors of vitamin D levels in each season.  Also, 

monthly data collections, although onerous for study participants, would help increase study 

power and further describe changes in circulating 25(OH)D levels in the body throughout the 

entire year, not just at the annual peak and trough.  In order to evaluate the usefulness of one-time 

25(OH)D measurements for predicting long-term exposures, future research should explore 

cancer risk associated with circulating 25(OH)D concentrations measured at different time points, 

especially given the results of this study that levels vary significantly with season. 

The development of standard validated sun exposure questionnaires is pivotal to the 

elimination of misclassification of information obtained on sun exposure-related determinants of 

vitamin D status.  Future research should couple a validated sun exposure questionnaire with a 

validated dietary questionnaire in order to achieve the most accurate vitamin D determinant 

information possible.  This would also improve the ability of new studies to observe associations 

of these factors with vitamin D concentrations when stratified analyses are conducted by season. 

As discussed briefly, the RIA used to quantify serum 25(OH)D levels also has some 

limitations.  A validation of these results by reanalyzing a subset of participant samples using the 

gold-standard method of quantifying 25(OH)D, LC-MS/MS, was previously proposed for this 

thesis, however, was not feasible given the timing of completion of this work.  In the future, this 

analysis should be conducted to provide support for the validity of the serum 25(OH)D 

measurements taken in this study. 
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6.4 Contributions of Research & Conclusions 

The main objective of this thesis was to describe seasonal variations in vitamin D status 

and determinants of this status in a group of premenopausal women.  The objective quantification 

of subjects’ vitamin D levels by RIA, rather than by inference from questionnaire information, 

greatly increased the precision of the outcome results, whereas questionnaire data has been 

limited.44, 51, 53  The validity of the RIA measurement was further explored by estimating the 

reliability of the RIA results through exploring the correlation coefficients between sample 

duplicates in the assay. 

The proximity of sampling close to the anticipated annual minimums and maximums in 

vitamin D levels gave the study sufficient power to detect significant differences in serum 

25(OH)D concentrations between these annual time points, despite a small sample size.  The 

difference in vitamin D concentrations in the peak and trough of annual fluctuations has not been 

well described previously.  Also, this population of premenopausal women has not been targeted 

often as an important group in which to explore this relationship.  Most studies have examined 

serum 25(OH)D concentrations at one specific time point rather than comparing two seasons.7-10, 

10-12  As a result, this study identified a significant difference in vitamin D levels between winter 

and summer, as well as high prevalence of vitamin D insufficiency in both seasons for the study 

population. The finding of 24% prevalence of insufficiency post-summer was particularly 

unexpected. 

Finally, this research confirmed research that tanning bed exposure and supplement use 

are significant determinants of higher serum 25(OH)D concentrations when controlling for 

factors such as age and BMI.  Several other personal, lifestyle and dietary factors were not 

associated with serum 25(OH)D levels, including self-reported skin pigmentation, sun vacations 

in winter, time spent outdoors and sunscreen use in summer, as well as a number of other dietary 
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variables.  However, the study was likely underpowered to detect all potential determinants due to 

the small sample size. 

In conclusion, this study contributes to the growing body of research suggesting that 

vitamin D insufficiency is a rapidly reemerging health issue among premenopausal women, 

whose exposure during mid-life may increase breast and colon cancer risk decades later.  This 

research suggests a high prevalence of vitamin D insufficiency exists among premenopausal 

women and that tanning bed use is a significant determinant of vitamin D levels both in winter 

and in summer.  This study contributes to literature suggesting that DRI values for vitamin D 

need to be raised in order to reduce the prevalence of vitamin D insufficiency and prevent disease 

in this population in the future.  Future research on seasonal variations in vitamin D and its 

determinants will clarify which factors are most influential in each season, and how this 

information should be directed to the general population in order to diminish the prevalence of 

vitamin D insufficiency.  These studies will also help us clarify if changes to the DRI levels are 

truly needed in order to improve vitamin D status and if so, which determinants should be 

targeted from a policy perspective to elicit change. 
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Appendix B 

DiaSorin RIA Protocol 

25-HYDROXYVITAMIN D 125I RIA KIT 

 

REAGENTS PROVIDED IN THE KIT 

25-OH-D Calibrators  
25-OH-D NSB/Addition Buffer 
25-OH-D Antiserum 
25-OH-D Tracer 
25-OH-D DAG Precipitating Complex 
25-OH-D Controls 
25-OH-D Acetonitrile 

6 vials/1 mL 
1 bottle/70 mL 

1 bottle/105 mL 
1 vial/6 mL 

2 vials/30 mL 
2 vials/1 mL 
2 vials/15 mL 

Number of tests 100 
 

STORAGE: Upon receipt, the kit should be stored at 2-8°C. After opening, store each reagent at 

2-8°C until the expiration date on the label. Reagents should not be used past the expiration date. 

The expiration date of the kit is reported on the external label and corresponds to the expiration 

date of the tracer. Reagents from different batches must not be mixed. 

 

1) 25-OH-D NSB/Addition Buffer: ready to use reagent 

Phosphate-gelatin buffer containing 0.1% sodium azide. This component has a dual function. It 

will serve both as the NSB buffer and as the Addition buffer. 

2) 25-OH-D3 Calibrators: ready to use reagent 

Six (25-OH-D3) calibrators at concentrations ranging from 0-100 ng/mL are prediluted 

in processed human serum containing 0.1% sodium azide. Handle these reagents with 

care. The kit calibrators are calibrated using UV 

quantitation and have been verified by HPLC analysis. The kit calibrators demonstrate 

commutability with patient samples when used with reagents and operating procedure 

of this in vitro diagnostic test as recommended. 

NOTE: If desired, an “Optional” calibrator (2.5ng/mL) can be created by diluting the kit 

calibrator “1” 1:2 in the kit zero calibrator (i.e. 100 uL “1” + 100 uL “0”). This dilution 

should be performed prior to extraction and then extracted as per product insert. 

3) 25-OH-D Antiserum: ready to use reagent. 
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Goat anti-25-OH-D serum is diluted in phosphate-gelatin buffer containing 0.1% sodium azide. 

4) 25-OH-D3 Tracer: ready to use reagent. 

An iodinated [125I] analog of 25-OH-D3 is diluted in an ethanol-phosphate buffer. Handle this 

reagent with care. 

5) Donkey Anti-Goat (DAG) Precipitating Complex: ready to user reagent. 

Donkey anti-goat serum, normal goat serum, and polyethylene glycol are diluted in a BSA-borate 

buffer containing gentamycin sulfate and 0.1% sodium azide. Mix for 5-10 minutes before and 

during use to ensure that a homogeneous suspension is achieved. 

6) 25-OH-D Controls: ready to use reagent. 

Human serum containing 0.1% sodium azide is spiked with the appropriate amounts of 25-OH-

D3 to obtain control concentrations within specified ranges. Mix thoroughly and treat as an 

unknown samples. Control 1 represents a low-normal range and Control 2 represents a high-

normal range. Expected ranges, as determined by DiaSorin, are stated on the vial labels. Handle 

these reagents with care. 

7) Acetonitrile: ready to use reagent. 

Acetonitrile. Qualified for use with this kit. Handle this reagent with care. This product contains 

dry natural rubber. 

 

EQUIPMENT AND MATERIALS REQUIRED, BUT NOT SUPPLIED 

- Disposable borosilicate glass tubes, 12 x 75 mm. 

NOTE: Plastic tubes are not suitable for use with this kit. 

- Temperature controlled centrifuge to accommodate 12 x 75 mm tubes. 

- Gamma counter capable of counting 125-iodine. 

- Vortex mixer. 

- Pipetting devices 

a. Micropipettors calibrated to deliver 25 μL and 50 μL (imprecision less than or equal to ± 1%). 

b. Repeating dispensers using tips that are calibrated to deliver 50 μL, 500 μL and 1.0 mL 

(imprecision less than or equal to ± 1%). 

NOTE: For extraction and assay procedures below, refer to “Equipment and Materials Required 

but not Supplied” for pipette specifications. 
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EXTRACTION PROCEDURE 

1) Set up labeled 12 x 75 mm disposable glass tubes for each calibrator, control and patient 

sample. 

2) Add 500 μL of acetonitrile to each tube. 

3) Place pipet tip containing 50 μL of calibrator, control or patient sample below the surface of 

the acetonitrile and SLOWLY add into the acetonitrile. 

4) Vortex for 10 seconds. 

5) Centrifuge using 1200 x g* for 10 minutes at 20-25°C. 

6) Pipette duplicate 25 μL aliquots from the supernatant into separate appropriately labeled 12 x 

75 mm tubes. CAUTION: Take care not to disturb pellet. 

7) Assay supernatants according to the assay procedure. 

 

ASSAY PROCEDURE 

1) Allow all reagents and samples to equilibrate to room temperature. Do not allow reagents to 

reach temperatures above 25°C. 

2) Set up labeled 12 x 75 mm disposable glass tubes in duplicate according tothe Scheme of the 

Assay on the last page. 

3) Add reagents as follows: 

a. Total count tubes 

50 μL of 125I 25-OH-D 

1.0 mL of NSB/Addition buffer 

b. Nonspecific binding tubes (NSB) 

25 μL of 0 calibrator (extracted) 

50 μL of 125I 25-OH-D 

1.0 mL of NSB/Addition buffer 

c. Calibrators, controls, and unknown samples 

25 μL of calibrator, control, or unknown sample (extracted) 

50 μL of 125I 25-OH-D 

1.0 mL of 25-OH-D antiserum 

4) Vortex gently without foaming and incubate for 90 (+/- 10) minutes at 20-25°C. 

5) Add 500 μL of DAG precipitating complex (DAG precipitating complex should be mixed 

thoroughly before and during use) to all tubes except the total count tubes. 
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6) Mix tubes well and incubate for 20-25 minutes at 20-25°C. 

7) Add 500 uL of NSB/Addition buffer to all tubes except the total count tubes. Vortex gently to 

mix tubes well. Use caution when performing this step to avoid splashing due to high liquid 

volume in tube. 

8) Centrifuge all tubes for 20 minutes at 20-25°C at 1800 x g*, except the total counts. 

9) Decant the supernatants, except the total count tubes, using a foam rack tube holder or 

equivalent by inverting the rack into an appropriate waste container. Place the inverted rack onto 

absorbent paper for 2-3 minutes. Blot the tubes gently to ensure all liquid is removed. 

10) In a gamma scintillation counter, count each tube for a minimum of 1 minute. Each tube 

should be counted for a sufficient time to achieve statistical accuracy. (See results section: 

Limitation of the Procedure.) 

*g = (1118 x 10-8) (radius in cm) (rpm)2 

 

CALCULATION OF RESULTS 

There are many methods in existence for calculating results of RIAs. Each is based on obtaining a 

calibration curve by plotting the extent of binding against stated concentrations of the calibration 

calibrators. This graph may be either a linear or logarithmic scale. Each of these methods gives 

essentially the same values for controls and samples, although certain assays may “fit” better into 

one particular method versus another. The calculation method for the DiaSorin Quality Control 

Laboratory is % B/B0 versus log concentration. 

1) Calculate the average CPM for each calibrator, control, and unknown sample. 

2) Subtract the average CPM of the NSB tubes from all counts. 

3) Divide the corrected CPM of each calibrator, control, or unknown sample by the corrected 

CPM of the 0 calibrator. 

B/B0 (%) = CPM of Calibrator or Unknown Sample – CPM of NSB x 100 

CPM of 0 Calibrator – CPM of NSB  

4) Using 2 cycle semi-log or log-logit graph paper, plot percent B/B0 for 

25-OH-D calibrators (vertical axis) versus the concentration (horizontal axis). 

5) Draw a best-fit line through the points. 

6) Interpolate the levels of 25-OH-D in the unknown samples from the plot. 

7) If an unknown sample has been diluted, correct for the appropriate dilution factor. 
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8) Calculate maximum binding by dividing CPM of 0 calibrator by the average total counts 

obtained in the total count tubes. *g = (1118 x 10-8) (radius in cm) (rpm)2 

9) Automated data reduction programs may also be utilized to analyze data. DiaSorin utilizes 

RIACalc (Pharmacia) with a %B/B0 versus log concentration, smooth-SPLINE fit program. 

Other data reduction methods must be validated before incorporating for regular use. 

 

SCHEME OF THE ASSAY 

1) Extract samples: Dispense 500 μL of acetonitrile into a glass tube and slowly add 50 μL of 

calibrator, control or patient sample below the surface of the acetonitrile. Vortex for 10 seconds 

and centrifuge using 1200 x g* for 10 minutes at 20-25°C. 

2) Dispense reagents according to the following scheme: 

Tubes/Reagents Total Counts NSB Cal 0-6 Controls and  
unknown samples 

Extracted 0 Calibrators 
Extracted Calibrators 
Extracted Controls 
Extracted Unknown Samples 
Tracer 
NSB/Addition Buffer 
25-OH-D Antiserum 

- 
- 
- 
- 

50 μL 
1.0 mL 

- 

25 μL 
- 
- 
- 

50 μL 
1.0 mL 

- 

- 
25 μL 

- 
- 

50 μL 
- 

1.0 mL 

- 
- 

25 μL 
25 μL 
50 μL 

- 
1.0 mL 

 

3) Mix well; incubate for 90 minutes (+/- 10 minutes) at 20-25°C. 

4) Dispense 500 uL of DAG precipitating complex into all wells, except the total count tubes. 

5) Mix well; incubate for 20-25 minutes at 20-25°C. 

6) Dispense 500 uL of NSB/Addition Buffer into all well, except the Total Count tubes. 

7) Centrfuge using 1800 x g* for 20 minutes. 

8) Decant the supernatants. 

9) Count each tube in a gamma counter for 60 seconds or longer. 

*g = (1118 x 10-8) (radius in cm) (rpm)2 
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Appendix C 

Vitamin D Questionnaire 

1a) On average, how many times have you eaten a serving of the following food items in the past 
2 months? 

Pick the category that best matches how frequently you consume each of the items below.  Please 
tick only one box per food item. 
 
NOTE:  "fortified" refers to food items that have had vitamin D specifically added. 
 

 

Food Item 

Times per day Times per week Times per month 

1 2 3+ 1-2 3-4 5-6 0 1-3 

Milk  
1 serving = 1 cup or 250mL 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Yogurt 
1 serving = ¾ cup or 175mL 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Fortified margarine 
1 serving = 1 tablespoon 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Fortified low fat margarine 
1 serving = 1 tablespoon 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Fortified orange juice 
1 serving = ½ cup or 125mL 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Fortified cereals 
1 serving = ¾ cup  - 1 cup 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Fortified bread 
1 serving = 1 slice 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Eggs (with yolk) 
1 serving = 1 whole egg 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Beef/veal 
1 serving = ~75g 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Liver 
1 serving = ~75g 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Fatty sea fish (i.e. tuna, 
salmon, mackerel, herring, 
sardines, cod) 
1 serving = ~75g 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

Cod liver oil 
1 serving = 1 tablespoon 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Shitake mushrooms 
1 serving = ½ cup 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
1b) Please indicate what type of milk you drink most often (e.g. homogenized, 2%, 1%,  

skim, or soy).  _________________ 
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2) Have you ever taken any vitamin D supplements or multivitamins/drugs containing  
vitamin D? 

 No (go to next question) 
  Yes 

Please provide details.  Fill in the type, strength, number of tablets per week, date started, date 
stopped and duration if possible.  If you don’t remember the month, please fill in the year.  In 
calculating total duration, please include only the time periods that you used the specific 
supplement. 

 
Brand Name Supplement 

Type 
Amount of 

Vitamin D (IU) 
Number 

Taken/Week 
Date Started 
& Stopped 

Total 
Duration 

Ex. Centrum Tablet 400 7 Jan-2003 to  
Nov-2003 11 months 

 
 

     

 
 

     

 
 
3) Please indicate whether you have any of the following conditions:  

(please tick all boxes that apply) 
 Crohn’s disease 
 Inflammatory bowel disease (IBD) 
 Celiac Sprue disease (i.e. gluten allergy) 

 
 
4) How would you describe your skin type? (please tick one box) 

 Type I – always burns and never tans 

 Type II – usually burns and tans with difficulty 
 Type III – sometimes burns mildly and gradually tans 
 Type IV – rarely burns and tans with ease 
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5a) During the summer (May-Sept.), on average how much time do you spend outside  
 during the day? (please tick one box for each time period) 
 

Summer <1hr a day 1 to 2 hrs per 
day 

2 to 3 hrs 
per day 

3 to 4 hrs per 
day ≥ 4 hrs a day 

On workdays      

On days off      

 
5b) How many of these hours spent outdoors are between the hours of 11:00am and  
 3:00pm? (please tick one box) 

 <1hr a day 

 1 to 2 hrs per day 
 2 to 3 hrs per day 
 3 to 4hrs per day 

 
 
6) During the summer (May-Sept.), whenever you are outside in the sun, how often do  
 you wear: (please tick one box for each item) 
 

Summer Never 
Less than 

50% of the 
times out 

50% of the 
times out or 

more 
Always 

Sunglasses     

Brimmed hat (e.g. 
baseball hat, straw hat) 

 
 

 
 

 
 

 
 

Sunscreen     

Clothes that exposed half 
arms (forearms)             
(e.g. t-shirt) 

 
 

 
 

 
 

 
 

Clothes that exposed legs 
up to knees (e.g. skirt, 
shorts) 
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7a) During the fall/winter (Oct.-Apr.), on average how much time do you spend outside  
 during the day? (please tick one box for each time period) 
 

Winter <1hr a day 1 to 2 hrs per 
day 

2 to 3 hrs 
per day 

3 to 4 hrs per 
day ≥ 4 hrs a day 

On workdays      

On days off      

 
7b) How many of these hours spent outdoors are between the hours of 11:00am and 3:00pm? 

(please tick one box) 
 <1hr a day 

 1 to 2 hrs per day 
 2 to 3 hrs per day 
 3 to 4hrs per day 

 
 
8) During the fall/winter (Oct.-Apr.), whenever you are outside in the sun, how often do  
 you wear: (please tick one box for each item) 
 

Winter Never 
Less than 

50% of the 
times out 

50% of the 
times out or 

more 
Always 

Sunglasses     

Brimmed hat (e.g. baseball 
hat, straw hat) 

    

Sunscreen     

Clothes that exposed half 
arms (forearms)             
(e.g. t-shirt) 

 
 

 
 

 
 

 
 

Clothes that exposed legs 
up to knees (e.g. skirt, 
shorts) 
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9) How often have you used a tanning bed in the past 6 months? (please tick one box) 
 Several times a week 

 Once a week 
 A few times a month 
 Once a month 
 A few times in 6 months 
 Never 

 
 
10) In the past 6 months, have you been on a sun vacation (i.e. to a sunny/warm  
 destination)? 

 No 

 Yes 
 
Please provide details.  Fill in the location, the month and year, and the duration of your trip(s) in 
the table below. 
 

Location Month/Year Duration (in days) 

Ex. Punta Cana, Dominican Republic Oct-2007 14 days 
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