
University of Calgary

PRISM Repository https://prism.ucalgary.ca

The Vault Open Theses and Dissertations

2017

Pregnant Women with Inflammatory

Bowel Disease (IBD) are More Likely to

be Vitamin D Insufficient than Pregnant

Women without IBD

Lee, Sangmin

Lee, S. (2017). Pregnant Women with Inflammatory Bowel Disease (IBD) are More Likely to be

Vitamin D Insufficient than Pregnant Women without IBD (Master's thesis, University of Calgary,

Calgary, Canada). Retrieved from https://prism.ucalgary.ca. doi:10.11575/PRISM/27413

http://hdl.handle.net/11023/3725

Downloaded from PRISM Repository, University of Calgary



UNIVERSITY OF CALGARY 

 

Pregnant Women with Inflammatory Bowel Disease (IBD) are More Likely to be Vitamin D 

Insufficient than Pregnant Women without IBD 

 

by 

 

Sangmin Lee 

 

 

A THESIS 

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES 

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE 

DEGREE OF MASTER OF SCIENCE 

 

GRADUATE PROGRAM IN COMMUNITY HEALTH SCIENCES 

 

CALGARY, ALBERTA 

 

APRIL 2017 

 

© Sangmin Lee 2017



ii 

Abstract 

Vitamin D insufficiency is associated with adverse pregnancy outcomes. Since individuals with 

inflammatory bowel disease (IBD) are at risk for vitamin D insufficiency, studying vitamin D 

status in women with IBD is of importance as the peak incidence of IBD occurs between 18-35 

years of age. Currently there is no literature that evaluates vitamin D status in pregnant women 

with IBD. Therefore, the prevalence of vitamin D insufficiency in pregnant women with IBD 

was assessed. This study demonstrated that pregnant women with IBD are more likely to be 

vitamin D insufficient than those without IBD. Further, the current recommended daily dosage of 

vitamin D supplements for all pregnant women is not appropriate to achieve vitamin D 

sufficiency, particularly for those with IBD. Appropriate clinical practice guidelines for vitamin 

D supplementation during pregnancy are needed for optimal prenatal care of pregnant women 

with IBD to improve their pregnancy outcomes. 
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CHAPTER ONE: BACKGROUND 

1.1 Inflammatory Bowel Disease (IBD) 

Inflammatory Bowel Disease (IBD), consisting of Ulcerative Colitis (UC) and Crohn’s 

disease (CD), is characterized by chronic inflammation of the gastrointestinal tract caused by the 

interaction of genetic, immune, microbial and environmental factors.(1) UC is characterized by 

continuous inflammation of the mucosal lining of the colon, starting at the rectum with variable 

proximal involvement.(2,3) The Montreal Classification, the most commonly and widely 

accepted classification system for IBD, subtypes UC by the extent of the disease and severity 

(Table 1).(4)  

 
Table 1. Montreal Classification for Ulcerative Colitis (UC) 

Extent Anatomy 

E1 Ulcerative 
proctitis 

Involvement limited to the rectum (that is, proximal extent of 
inflammation is distal to the rectosigmoid junction) 

E2 Left sided UC 
(distal UC) 

Involvement limited to a proportion of the colorectum distal to the 
splenic flexure 

E3 Extensive UC Involvement extends proximal to the splenic flexure 

Severity Definition 
S0 Clinical remission Asymptomatic 

S1 Mild UC 
Passage of four or fewer stools/day (with or without blood), absence 
of any systemic illness, and normal inflammatory markers (ESR) 

S2 Moderate UC 
Passage of more than four stools per day, but minimal signs of 
systemic toxicity 

S3 
Severe UC 

Passage of at least six bloody stools daily, pulse rate of at least 90 
beats per minute, temperature of at least 37.5°C, haemoglobin of 
less than 10.5 g/100mL, and ESR of at least 30 mm/h 

 

In contrast, CD is characterized by discontinuous inflammation (classically referred to as 

‘skip lesions’) involving any part of the gastrointestinal tract from the oropharynx to the anus, 

but most commonly involving both the small and large intestine with a transmural pattern of 
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inflammation.(3) The Montreal Classification subtypes CD by the age at diagnosis, anatomic 

location and behaviour (Table 2).(4)  

Table 2. Montreal Classification for Crohn’s Disease (CD)  

Age at diagnosis 
A1 <16 years  
A2 17 ≤ years ≤ 40 
A3 >40 years 

Location 

L1 Ileal 
L2 Colonic 
L3 Ileocolonic 
L4 Isolated upper diseasea 

Behaviour 

B1 Non-stricturing, non-penetrating 
B2 Stricturing 
B3 Penetrating 
p Perianal disease modifierb 

aL4 is a modifier that can be added to L1-L3 when concomitant upper gastrointestinal disease is 
present 
bAdded to B1-B3 when concomitant perianal disease is present 
 
 

IBD is emerging as a global disease with its incidence and prevalence increasing 

worldwide.(5) In 2012, Canada was reported as having one of the highest incidence and 

prevalence rates of IBD in the world, with approximately 0.6% of the Canadian population 

affected with IBD.(5,6) Since IBD is a chronic disease with no known cure and is commonly 

diagnosed in individuals between 18 and 35 years of age, it leads to significant life-long 

morbidity.(7,8) This creates long-term health-related costs (i.e. due to the medications, 

hospitalization and surgery) to the patient, society and the health care system.(7)  

IBD is associated with various debilitating symptoms, including abdominal pain, 

diarrhea, weight loss, fatigue and anemia.(7) Therefore, individuals with IBD have an impaired 

health related quality of life (HRQOL), which is a measurement for the individual’s physical, 
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social and emotional wellbeing.(9,10) Studies have shown that HRQOL for patients with IBD 

are poorer in women than men with one of the most important factors being the complex issues 

related to pregnancy in the setting of chronic disease.(10–13)  

 

1.2 IBD and Pregnancy  

Materno-fetal outcomes in women with IBD primarily depends on the disease activity at 

the time of conception.(14) Women with active disease at the time of conception are at increased 

risk of ongoing or worsening disease activity, which can lead to poorer outcomes during their 

pregnancy.(14,15) The relapse rate for pregnant women with inactive IBD at the time of 

conception is similar to that of a non-pregnant woman with IBD.(16) Further, women with 

quiescent IBD throughout their pregnancy have similar risks of spontaneous abortion, 

pregnancy-related complications and adverse perinatal outcomes to that of the general 

population.(17–19) However, women with active IBD are at increased risk of adverse pregnancy 

outcomes when compared to women in remission at time of conception.(17–19) Miscarriage, 

increased fetal loss after 20 weeks (i.e. stillbirth), increased rates of preterm birth and small for 

gestational age infants are some of the reported adverse outcomes in pregnant women with active 

disease at the time of conception.(15,17,20–23) Preterm birth is a major risk factor for mortality 

and among survivors, preterm birth is associated with severe morbidity, impaired growth and 

neurodevelopmental deficits.(24–26) Small for gestational age infants are predisposed to 

diseases later in life including diabetes, coronary heart disease, stroke or chronic bronchitis.(27–

29) Therefore, optimizing the mother’s disease activity is imperative for the well-being of the 

child as active IBD can impair both the intake and the absorption of proteins and vitamins in the 
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gastrointestinal tract. This in turn can alter embryogenesis, growth of the fetus and epithelial 

differentiation.(20,30)  

 

1.3 Malnutrition and IBD 

Deficiencies in macronutrients and/or micronutrients, such as vitamins, minerals and 

trace elements, commonly occur in individuals with IBD.(31,32). Multiple factors contribute to 

this deficiency state including; 1) debilitating symptoms including abdominal pain and diarrhea 

that may lead to a reduction in the intake of certain food types;(31–33) 2) active inflammation, 

bleeding or resection of certain sections of the gastrointestinal tract resulting in enteric loss of 

nutrients;(31,32) and 3) potential interactions with medications used to treat IBD, which can alter 

the absorption of micronutrients.(31) For example, glucocorticoids, a class of medications often 

used for the treatment of acute flares of IBD inhibits absorption of calcium, phosphorus and 

zinc,(34) while impairing the metabolism of vitamin C and D.(34)  

 

1.4 Vitamins 

Vitamins are naturally occurring compounds that are essential for an array of diverse 

functions in the body including energy productions, mineral homeostasis, DNA synthesis, wound 

healing, maintaining overall health, etc.(31) Individuals depend on exogenous sources, such as 

their diet, to obtain enough vitamins as they are not synthesized in sufficient quantities by the 

body.(31) These organic compounds are classified into two groups; 1) water-soluble vitamins 

and 2) fat-soluble vitamins.(31) Water-soluble vitamins are absorbed by diffusion or carrier-

dependent active transport and includes vitamins B1, B2, B3, B6, B12, C and biotin, pantothenic 

and folic acid.(31) Fat-soluble vitamins are dissolved within the fat droplets or broken down by 
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lipases to be combined with bile salts in order to facilitate the absorption of these vitamins 

through diffusion.(31) There are four fat-soluble vitamins, namely vitamins A, D, E, and K.(31) 

 

1.5 Vitamin D 

Vitamin D, one of the fat-soluble vitamins, can be obtained from exposure to sunlight, 

natural and/or fortified diet, and dietary supplements.(31,35–37) There are two hormone 

precursors to vitamin D including; 1) ergocalciferol(D2), which is found in plants, yeast, and 

fungi; and 2) cholecalciferol(D3), which is synthesized in the skin upon exposure to ultraviolet B 

(UVB) radiation.(36,38) Most of the vitamin D is obtained from cutaneous (skin) exposure to 

sunlight and only insignificant amounts of vitamin D are absorbed in the proximal small intestine 

from dietary sources.(31,36,38,39) When the skin becomes exposed to UVB radiation, 7-

dehydrocholesterol is converted to vitamin D3 (Figure 1).(31,36,38,39) Vitamin D3 then binds to 

vitamin D binding protein (VDBP) and is delivered to the liver where 25-hydroxylase converts 

vitamin D3 into 25-hydroxyvitamin D (25-OHD).(31,36,38,39) This product, although inactive, 

is the major circulating vitamin D metabolite in the body and best reflects overall vitamin D 

status.(31,38) To activate this metabolite, 25-OHD is converted in the kidney via 1-alpha-

hydroxylase to 1,25-hydroxyvitamin D (1,25(OH)2D3) or calcitriol.(31,36,38) Active calcitriol 

then binds to the vitamin D receptor (VDR), which is expressed in most human tissues, to exert 

its diverse biological functions.(31,35,36) Active calcitriol also stimulates the absorption of 

orally ingested calcium and phosphate in the intestine, playing a role in the calcium and 

phosphate homeostasis.(38) While vitamin D is primarily known for its role in bone homeostasis, 

osteoblastic differentiation and optimizing intestinal calcium absorption,(3,31,38) the discovery 

of VDR in most tissues has led to research in investigating the role of vitamin D in a variety of 
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disease states including IBD, cancer, autoimmune diseases, infectious diseases and 

cardiovascular diseases.(36,40)  

 
Figure 1. Metabolic pathway of vitamin D  

 

1.6 Vitamin D Status 

The ideal level of vitamin D in individuals has been traditionally defined by parameters 

of optimal bone health,(41,42) as evidenced by the influence of vitamin D on calcium and 

phosphate metabolism. However, there remains controversy among experts as to the ideal dose 

or serum level of vitamin D. The World Health Organization (WHO) and the US Endocrine 

Society’s (USES) Clinical Practice Guidelines define vitamin D deficiency as a 25-OHD serum 

level below 50 nmol/L and vitamin D insufficiency as a 25-OHD serum level between 50 nmol/L 

to 75 nmol/L.(42,43). Conversely, the optimal level of vitamin D is defined as a 25-OHD serum 

level greater than 75 nmol/L. The cut-offs were determined by the optimization of serum 

parathyroid hormone (PTH) concentration, which is a hormone that regulates the calcium level 
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and maximizes calcium transport for optimal bone health.(44–47) Sufficient vitamin D levels to 

prevent against other diseases may differ and have not been studied with similar rigour. 

However, this study will use the threshold for vitamin D sufficiency (25-OHD > 75 nmol/L) and 

insufficiency (25-OHD ≤ 75 nmol/L) defined by the WHO and USES. This also constitutes the 

most appropriate definition as it is used by Alberta Health Services in Alberta, Canada where this 

study population was derived from. 

 

1.7 Predictors of Vitamin D Insufficiency 

In many parts of the world, vitamin D insufficiency is a public health concern.(46,48–50) 

The prevalence of vitamin D insufficiency differs vastly between countries and ethnic groups 

and can range between 5 to 100% as vitamin D status is influenced by multiple factors including 

the season, latitude, time of day, one’s skin pigmentation, age, body mass index (BMI), smoking 

status, calcium intake or sunscreen use.(31,40,48,51–53) It is important to note that these factors 

are important to consider when interpreting results on the prevalence of vitamin D insufficiency 

in each of the studies. 

Vitamin D insufficiency is most prevalent in the northern hemisphere,(54–57) especially 

in the countries above 35° latitude. This is because the angle of the sun is too diagonal in this 

region of the world during the winter months, which reduces or completely prevents the 

conversion of 7-dehydrocholesterol to vitamin D3.(40) A study has revealed that individuals 

living in Edmonton, Alberta, Canada (52°N) cannot produce sufficient amount of vitamin D 

through their skin for 5 months of the year.(40) Further, a study on the urban French population 

(43° to 51°N)  showed that latitude was significantly associated to vitamin D status, where the 

prevalence of vitamin D insufficiency in the north was 29% compared to the south of 6%.(46)  
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 Further, studies have shown that individuals with darker skin pigmentation have a 

reduction in the conversion of vitamin D3 in the skin by as much as 99.9%,(58,59) making these 

individuals more susceptible vitamin D insufficiency. The prevalence of vitamin D deficiency, 

defined as 25-OHD <50 nmol/L, for African American aged 15-49 years in a National Health 

and Nutrition Examination Survey was 42%.(60) In the United Kingdom, the prevalence of 

vitamin D deficiency (25-OHD <30 nmol/L) for Asian adult was 82% with increased prevalence 

of vitamin D deficiency during the winter month of 94%.(61)  

 Prevalence of vitamin D insufficiency is also common in the elderly population 

contributed by poor dietary intake of vitamin D and decreased exposure to sunlight.(62) A study 

conducted by McKenna(63) found that 70% to 100% of the elderly hospitalized patients were 

vitamin D insufficient. While 41% of outpatients aged 49 to 83 years were vitamin D deficient in 

another study.(64) However, vitamin D insufficiency can also be common in young and middle-

aged adults whose time is mostly spent indoors or who usually wear sun protection when 

outside.(40) In Boston, 36% of healthy young adults between the ages of 18 to 29 years were 

vitamin D deficiency (25-OHD <50 nmol/L).(47) 

Obesity is also associated with vitamin D insufficiency because vitamin D is deposited in 

the body fat storage when it is ingested or obtained from exposure to sunlight, which then 

decreases the bioavailability of vitamin D in the body.(65) A study conducted by Larrroude et. 

al. found that 44.1% of obese women were vitamin D deficient (25-OHD <50 nmol/L) compared 

to 22.7% of normal weight women.(66) The same study also showed that 42.4% of obese women 

were vitamin D insufficient (50 nmol/L< 25-OHD <75 nmol/L) compared to 47.3% of normal 

weight women.(66) 
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1.8 Vitamin D and Pregnancy 

The prevalence of vitamin D insufficiency is relatively common in pregnant women and 

ranges between 20% to 65% of the general pregnant population in Canada.(67–71) Vitamin D 

insufficiency is relatively common especially for those pregnant women who are multiparous, 

darker-coloured skin, overweight or obese, young, of non-European origin, or smokers.(54) 

Several studies have shown an association between lower levels of vitamin D and adverse 

pregnancy outcomes including preterm birth, gestational diabetes, preeclampsia and small for 

gestational age infants.(72,73) Low levels of vitamin D also increases the risk of bacterial 

vaginosis and low birth weight infants but not for caesarean deliveries.(73) No association was 

shown between vitamin D status and spontaneous abortion or still birth.(72) Further, low levels 

of vitamin D in pregnant women may be associated with health concerns for the infants 

including growth retardation and skeletal deformities from impaired bone growth and 

mineralization.(74–78) Studies have also shown that infants born to mothers who were vitamin D 

insufficient during pregnancy are at an increased risk of Type 1 diabetes in adulthood, upper 

respiratory infections, wheezing, rhinitis and eczema.(79–81) Vitamin D insufficiency during 

pregnancy can be mitigated by vitamin D supplementation resulting in improved pregnancy 

outcomes.(82,83) However, there is not enough information to determine a causal inference with 

lower serum level of vitamin D and adverse pregnancy outcomes.  

 

1.9 Vitamin D and Inflammation 

Originally studies on vitamin D focused on its importance for bone homeostasis,(3,31,38) 

but the discovery of vitamin D receptors (VDR) in most tissues and cells, especially on immune 

cells, sparked an interest for the role of vitamin D in autoimmune diseases.(84,85) Autoimmune 
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diseases, such as IBD, are characterized by abnormalities within the immune system that make 

the cells attack and destroy its own tissues often resulting in inflammation of the targeted tissue. 

The driving forces of such diseases are attributed to T1 (pro-inflammatory) and T2 (anti-

inflammatory) helper lymphocytes.(85) CD4+ cells that control and influence the maturation of 

T helper lymphocytes are regulated by vitamin D to either directly or indirectly affect pro-

inflammatory and anti-inflammatory factors.(86) Vitamin D has been shown to increase the anti-

inflammatory cytokines,(86–89) while reducing pro-inflammatory cytokines.(87,88) 

Correspondingly in a murine experimental IBD model, vitamin D deficiency exacerbated the 

symptoms and severity of IBD, while vitamin D supplementation reduced inflammation and 

ameliorated symptoms of IBD.(85,90) The evidence for the role of vitamin D in cellular 

mechanisms of inflammation and its effect in murine experimental IBD models suggest that 

vitamin D plays an important role in the disease severity and activity of individuals with IBD.  

 

1.10 Vitamin D and IBD 

Epidemiological studies have shown an association between vitamin D and IBD with a 

higher prevalence of vitamin D insufficiency in those with IBD than that of the general 

population.(39,40,52,91–94) The observed prevalence of vitamin D insufficiency of individuals 

with CD ranges between 22% to 83%, whereas for individuals with UC ranges between 15% to 

55%.(37,52,91,92,95–97) Vitamin D insufficiency in individuals with IBD can be explained by a 

variety of factors including losses of the gastrointestinal tract due to intestinal resection, 

decreased oral intake, decreased intestinal absorption of vitamin D due to mucosal inflammation 

and decreased exposure to sunlight, possibly due to a more inactive lifestyle particularly during 

times of disease flare when patients are symptomatic (i.e. experiencing diarrhea, abdominal pain, 
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etc.).(37,52,98–101) Studies have shown that vitamin D deficiency is associated with higher 

disease activity or severity in both individuals with CD and UC.(89,97,102,103) Lower 

concentrations of 25-OHD levels have also been associated with the risk of surgery and IBD-

related hospitalization in both subtypes of IBD.(104) Clinical trials have demonstrated either a 

reduced likelihood of surgery with normalization of 25-OHD levels or reduced relapse rates of 

CD with vitamin D supplementation.(105,106) However, the relationship between UC activity 

and vitamin D concentration is less well understood and studied, in part due to smaller study 

sample sizes which may have not had adequate power to reveal an association.(89) Further, there 

are no known clinical trials that have evaluated the effectiveness of vitamin D supplementation 

on disease severity in individuals with UC.(84)  

 

1.11 Vitamin D Supplementation 

Individuals who are vitamin D insufficient can be treated via oral supplementation. 

Alternatively, intramuscular injections of vitamin D or UV phototherapy may be indicated when 

patients exhibit a suboptimal response to oral therapy.(107,108) The Food and Nutrition Board 

of the Institute of Medicine,(45,109) Health Canada(110) and the Dietitians of Canada(111) 

suggest in order to meet the 600 International Units (IU) per day of the Recommended Daily 

Allowance (RDA) of vitamin D, all individuals should be consuming at least 400 IU of vitamin 

D supplements per day, including pregnant women. For the general population, the tolerable 

upper intake level of vitamin D supplementation is 4000 IU/day.(45,109) However, for pregnant 

women at risk of vitamin D deficiency, the USES Practice Guideline Committee(42) 

recommends vitamin D supplementation of 1500 IU/day to 2000 IU/day with a tolerable upper 

intake of 10,000 IU/day. The tolerable upper intake of vitamin D supplementation is based on 
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achieving vitamin D sufficiency without adverse side effects. Vitamin D increases the absorption 

of orally ingested calcium and phosphate in the intestine and thus, excessive amount of vitamin 

D can be toxic resulting in hypercalcemia or increased serum concentration of calcium.(38,84) 

Symptoms of hypercalcaemia includes abdominal pain, bone pain, kidney stones, abnormal heart 

rhythm and depression.(112)  

Currently a specific algorithm exists which guides vitamin D supplementation in 

individuals with IBD in Alberta (Appendix A).(113) In this algorithm, after the initial screening 

for vitamin D status, individuals with IBD who are vitamin D insufficient are given 2000 IU of 

vitamin D3 per day for four months. At four months, vitamin D levels are checked again and if 

the individual is vitamin D sufficient then they continue the treatment of 2,000 IU/day of vitamin 

D3. However, if individuals with IBD are vitamin D insufficient after their second assessment, 

they are given 7000 IU of vitamin D3 daily or 50,000 IU of vitamin D2 weekly for 16 weeks. 

This continues with cycles of assessments for vitamin D levels and dose escalation of vitamin D 

supplements until vitamin D sufficiency is achieved or have reached the upper tolerable intake of 

vitamin D supplements.   

 

1.12 IBD, Vitamin D Insufficiency and Pregnancy 

Currently, there is no existing literature that has examined vitamin D status in pregnant 

women with IBD. This proposed research will build a foundation of knowledge on vitamin D 

status in pregnant women with IBD and in doing so, will fill this gap in the literature. Studying 

vitamin D status in pregnant women with IBD is important because active IBD increases the risk 

of adverse pregnancy outcomes,(17–19) while independently, vitamin D has been shown to play 

an important role in the mechanism of inflammation.(86) This cross-sectional observational 
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study aims to assess the prevalence of vitamin D insufficiency and the role of vitamin D 

supplementation in achieving biochemical sufficiency in pregnant women with and without IBD.  
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CHAPTER TWO: METHODOLOGY  

2.1 Study Design & Study Population 

This cross-sectional observational study analyzed two established pregnancy registries 

from Alberta, Canada. The non-exposed group was defined as pregnant women without IBD and 

were from the Alberta Pregnancy Outcomes and Nutrition (APrON) study.(114) The exposed 

group was defined as pregnant women with IBD (both Crohn’s Disease (CD) and Ulcerative 

Colitis (UC)) and were from the Materno-fetal outcomes cohort, a part of the larger Alberta IBD 

Consortium. Pregnant women with IBD from the APrON cohort were excluded (n=6) based on 

their self-reported answer to “Do you currently have inflammatory bowel disease: Ulcerative 

colitis or Crohn’s Disease?”. The primary outcome of interest in this study was the prevalence of 

vitamin D insufficiency in each cohort. Vitamin D insufficiency was defined as a 25-OHD level 

≤ 75 nmol/L by the World Health Organization (WHO) and the US Endocrine Society’s (USES) 

Clinical Practice Guidelines.(42,43) We also investigated the secondary outcome of interest of 

vitamin D deficiency in each cohort, which was defined as a 25-OHD ≤ 50 nmol/L. Our primary 

outcome of vitamin D insufficiency included those individuals that were vitamin D deficient.  

The descriptions of the APrON study and the IBD Materno-fetal outcomes cohort are 

shown in Table 3. Women, 16 years of age or older were prospectively recruited to both the 

APrON and the IBD Materno-fetal outcomes cohorts from the province of Alberta, Canada. As 

both cohorts were from a similar geographic region, we assumed that both cohorts had similar 

exposure to sunlight throughout the year. Data on demographics and vitamin D supplementations 

were obtained through self-reported questionnaires and surveys. Clinical characteristics were 

obtained through chart reviews. All the data on pregnant women with available intrapartum 

vitamin D levels (25-OHD) measured in nmol/L was obtained from the database of the APrON 
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study and the IBD Materno-fetal outcomes cohort, separately. Vitamin D levels were all 

measured in trimester two for pregnant women without IBD, while vitamin D levels were 

measured in trimester two (n=16) and trimester three (n=86) for pregnant women with IBD. 

Overall, there were 574 pregnant women without IBD and 102 pregnant women with IBD, who 

had singleton pregnancies.  

Table 3. Description of the Alberta Pregnancy Outcomes and Nutrition (APrON) Cohort 
and the IBD Materno-fetal outcomes Cohort. 

 Alberta Pregnancy 
Outcomes and Nutrition 
(APrON) Cohort 

IBD Materno-fetal 
outcomes Cohort  

Disease Status  Without IBD IBD 
Inclusion Criteria ≥16 years of age ≥16 years of age 
Geographic Region Alberta, Canada Alberta, Canada 
Recruitment Period 2009 to 2013 – ongoing 

follow-up data collection on 
the children 

2012 to current 

Year of Blood Work 2009-2010 2012-2016 

Trimester of Blood Work  Trimester 2 Trimester 2 and 3 

 

2.2 Vitamin D Measurement 

The inactive vitamin D metabolite of 25-OHD is the major circulating vitamin D 

metabolite and is universally measured to reflect the vitamin D status in clinical 

practice.(31,38,115) There are two general method of assays for measuring the concentration of 

25-OHD levels; 1) an immune-based assay or 2) a chromatography-based assay.(116)  

Vitamin D status in pregnant women without IBD were determined from plasma samples 

analyzed using a chromatography-based assay of liquid chromatography tandem mass 

spectrometry (LC-MS/MS) at the laboratory of Doctor’s Data Inc., Illinois. The LC-MS/MS 

assay uses chromatography to isolate the vitamin D metabolites of 25(OH)D2, 25(OH)D3 and 3-
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epi-25(OH)D3. The assay then uses the tandem mass spectrometry method to detect and quantify 

the vitamin D metabolites.(117)  

 The serum samples from the pregnant cohort with IBD to measure their vitamin D levels 

were analyzed using an immune-based assay of chemiluminescence at the Calgary Laboratory 

Services, Alberta. The chemiluminescence assay uses antibodies that produce chemiluminescent 

to quantify the total amount of 25-OHD after it binds to the vitamin D metabolites of 25(OH)D2 

and 25(OH)D3.(117)  

Although the assays that measured the vitamin D levels were different between pregnant 

women with and without IBD, studies have shown that the comparison in the results for 25-OHD 

levels for the assays of LC-MS/MS and chemiluminescence were good (r=0.650, r=0.79, 

r=0.936).(118–120) Therefore, the measurement of vitamin D levels in pregnant women with 

and without IBD are deemed bioequivalent and does not affect the findings of this study. 

 

2.3 Potential Confounders  

A confounder is a third unobserved predictor that distorts the association between the 

exposure and the outcome of interest.(121)  In this study, a potential confounder would be 

associated with the exposure of the disease status in pregnant women (IBD vs. no-IBD) and is a 

potential cause for the outcome of vitamin D status (insufficient vs. sufficient), but is not part of 

the causal pathway.(121) Categorical variables were used for all of the confounders to allow for 

feasibility in translating our results to the everyday clinical practice for health care professionals.  

2.3.1 Maternal Age 

Maternal age was categorized into two groups of either older (≥30 years of age) or 

younger (<30 years of age) pregnant women. This cut-off was decided based on the distribution 
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and variability of the dataset between maternal age and the presence or absence of disease of 

pregnant women.  

2.3.2 Ethnicity 

In the original dataset, ethnicity was defined as Caucasian, Chinese, Filipino, Japanese, 

Korean, Latin American, Aboriginal, South Asian, South East Asian, Arab, Black and others. 

However, for this study, ethnicity was categorized as Caucasian or non-Caucasian as there were 

insufficient number of individuals in each distinct ethnicity group to allow for adequate power to 

detect a difference in more complex analyses.  

2.3.3 Socioeconomic Status 

The total household income before taxes and the education status of the mother was 

observed to assess for confounding by socioeconomic status. The total household income was 

categorized as either having a high income of ≥$100 000 CAD or a lower income of <$100 000 

CAD. This categorization for the total household income was chosen based on the median total 

family income reported from Statistics Canada for Alberta, Canada. The median total family 

income was $100 750 CAD in 2014.(122) The education of the mother was defined as either 

completing or not completing a trade, technical or university degree. This cut-off was based on 

the distribution and variability of the dataset between education status and disease status of 

pregnant women.  

2.3.4 Season 

The season of when the blood work was completed was categorized into the four 

quartiles of the year as spring (March 20 to June 19), summer (June 20 to September 21), fall 

(September 22 to December 20) or winter (December 21 to March 19). 
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2.4 Statistical Analysis 

All statistical analyses were performed using STATA/IC 14.1 (StataCorp LLC, College 

Station, Texas, USA).  

2.4.1 Bivariate Analysis 

A Pearson’s chi-square test was used for the following tests to determine the distribution 

and association of vitamin D status with; 1) disease status, absence or presence of IBD in the 

cohort of pregnant women; 2) potential confounders including maternal age, ethnicity, income, 

education, and season of blood work; 3) vitamin D supplementation and 4) clinical 

characteristics of IBD. If one of the cells in the 2x2 table had an expected cell count that was <5, 

Fischer’s Exact test was performed. The p-value of <0.05 indicated statistical significance. 

2.4.2 Multivariable Logistic Regression 

Multivariable logistic regression was used to assess the influence of the covariates on 

vitamin D insufficiency in absence or presence of IBD in pregnant women. The outcome for the 

multivariable logistic regression was vitamin D status of the study population, categorized as 

either vitamin D insufficiency (25-OHD ≤75 nmol/L) or vitamin D sufficiency (25-OHD >75 

nmol/L). The exposure was the disease status of pregnant women, categorized as without IBD, 

with CD or with UC. Relative risk ratio (RR) was determined using multivariable logistic 

regression as vitamin D insufficiency was not a rare outcome. 

Forward selection was used to select a specific covariate for the full model. This was 

done by comparing the crude RR of the outcome and exposure to the adjusted RR of the 

outcome, exposure and covariate of interest. If the adjusted RR changed by at least 10%, the 

covariate was included in final model. This method of choosing the covariates for the final model 

was repeated for each of the predictors of vitamin D insufficiency. Covariates that were deemed 
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to be important based on the analysis and literature were included in the full model. To avoid the 

risk of over fitting, the 1:10 rule was used. This rule states that one predictive variable can be 

included in the full model for every ten events of interest. A final model with the covariates of 

ethnicity and season of blood work was created. 

2.4.3 Assumptions for Statistical Tests 

These statistical analyses were conducted after determination that our dataset did not 

violate the assumptions of these statistical tests. The dataset did not violate the independence 

assumption, as all of the measurements for vitamin D status was measured once and there was no 

multiplicity in pregnant women who were measured.(123) Linearity assumption states that the 

outcome of interest is a linear combination of the predictor variable. As the multivariable logistic 

regression was an additive model, the linearity assumption was not violated. Further, as the 

multivariable logistic regression was based on the binary outcome of being vitamin D 

insufficient or vitamin D sufficient, there was no need to make assumptions about the 

distribution of errors in the estimates.(123)  

 

2.5 Subgroup Analysis – Clinical Characteristics of IBD 

Subgroup analyses were conducted for pregnant women with CD and UC to determine 

whether clinical characteristics of IBD including disease severity, disease location/extent, disease 

behaviour and disease duration were associated with vitamin D insufficiency.  

2.5.1 Disease Severity 

Disease severity was defined by clinical symptoms using the validated clinical indices of 

Harvey-Bradshaw Index (HBI)(124) for those with CD and Simple Clinical Colitis Activity 

Index (SCCAI)(125) for those with UC. The scoring system for HBI is based on the five items 
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including general well-being, abdominal pain, number of liquid stools per day, abdominal mass 

and complications (Table 4).(124)  

Table 4. Scoring System for Harvey-Bradshaw Index (HBI) 

Questions Scoring Description 
General well being 0 Very well 

1 Slightly below par 
2 Poor 
3 Very poor 
4 Terrible 

Abdominal pain 0 None  
1 Mild 
2 Moderate 
3 Severe 

Number of stools per day # provided  
Abdominal mass 0 None 

1 Dubious 
2 Definite 
3 Definite and tender 

Complications 1 per item Arthralgia, uveitis, erythema nodosum, aphthous 
ulcers, pyoderma gangrenosum, anal fissure, new 
fistula, abscess 

 

The scoring system for SCCAI is based on the six items including bowel frequency 

during the day, bowel frequency during the night, urgency of defecation, blood in stool, general 

well-being, and extracolonic manifestation (Table 5).(125)  
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Table 5. Scoring System for Simple Clinical Colitis Activity Index (SCCAI) 

Questions Scoring Description 
Bowel frequency (day) 0 1-3 

1 4-6 
2 7-9 
3 >9 

Bowel frequency (night) 0 0 
1 1-3 
2 4-6 

Urgency of defecation 0 None 
1 Hurry 
2 Immediately 
3 Incontinence 

Blood in stool 0 None 
1 Trace 
2 Occasionally frank 
3 Usually frank 

General well-being 0 Very well 
1 Slightly below par 
2 Poor 
3 Very poor 
4 Terrible 

Complications 1 per 
manifestation 

Uveitis, pyoderma gangrenosum, erythema 
nodosum, arthropathy 

 

Clinical remission, meaning that an individual is free of clinical symptoms of IBD, was 

defined as having an HBI score of <5 and an SCCAI score of <3. Clinical relapse, meaning that 

an individual is exhibiting clinical symptoms of IBD, was defined as an HBI score ≥5 and an 

SCCAI score ≥3.  

2.5.2 Disease Location and Extent 

The disease location or extent was categorized based on the Montreal Classification 

(Table 1 and 2).(4) For pregnant women with CD, disease location was categorized as ileal, 

colonic or ileocolonic. Disease extent, based on how far the disease affects the colon from the 



 

22 

rectum, for those with UC was categorized as ulcerative proctitis, distal/left sided UC or 

pancolitis/extensive UC.  

2.5.3 Disease Behaviour 

The disease behaviour was also categorized based on the Montreal Classification (Table 

2),(4) as non-stricturing and non-penetrating (inflammatory), stricturing and penetrating. The 

stricturing disease phenotype indicates the presence of disease narrowing due to chronic 

inflammation. The penetrating disease phenotype is used when abnormal connections (fistulae) 

are created between loops of bowel and other hollow structures (e.g. other loops of bowel, ureter, 

bladder, or the vagina). The inflammatory behaviour phenotype is used when there is 

inflammation of the gastrointestinal tract but in the absence of strictures or fistulae. Perianal 

disease modifier is when inflammation occurs at or near the anus and this can occur at the same 

time as other inflammation in the other parts of the digestive system. All pregnant women in this 

study with CD had inactive perianal disease modifier. 

2.5.4 Disease Duration 

Disease duration was defined as the period from when a woman was first diagnosed with 

IBD to when the blood work was completed during pregnancy. We categorized as either having 

long (≥10 years) or short (<10 years) disease duration based on the distribution and variability of 

our dataset of the pregnant women with IBD.  

 
2.6 Sensitivity Analysis – Vitamin D Supplementation  

Sensitivity analyses were conducted for pregnant women that reported on vitamin D 

supplementation (n=544). There were 471 pregnant women without IBD, 43 women with CD 

and 30 women with UC that provided information on vitamin D supplementation. Separate 
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sensitivity analyses were conducted for pregnant women without IBD and pregnant women with 

IBD, as the data collected from the supplementation questionnaire were not collected in an 

identical manner between the APrON and Materno-fetal outcomes cohorts. Thus, the two 

datasets on vitamin D supplementation is not be directly comparable.  

2.6.1 Cut-offs for Vitamin D Supplementation 

The Institute of Medicine,(45,109) Health Canada(110) and Dietitians of Canada(111) 

have recommended the minimum daily dosage of vitamin D supplementation for all pregnant 

women as 400 IU/day. This was based off the Recommended Daily Allowance of vitamin D 

level of 600 IU/day. The Institute of Medicine(45,109) and the USES Guideline Committee(42) 

recommend the daily dosage of vitamin D supplementation for pregnant women at risk of 

vitamin D insufficiency as 2000 IU/day. The cut-off for vitamin D supplementation of 400 

IU/day was used to determine the distribution and association of vitamin D status with the 

current guideline for all pregnant women recommended by Alberta Health Services. The cut-off 

for vitamin D supplementation of 2000 IU/day was used to determine the distribution and 

association of vitamin D status with what is recommended in the literature for pregnant women 

at risk of vitamin D insufficiency. 

2.6.2 Supplementation Data for Pregnant Women without IBD 

For pregnant women without IBD, supplementation data was collected based on self-

reported questionnaires, where women were asked to describe in details the quantity and the type 

of dietary supplements consumed in the previous 24-hour period. This data was entered as a 

continuous variable where the dosage of vitamin D were recorded from each of the dietary 

supplement bottles described. The total daily dosage of vitamin D supplementation was 

calculated by adding the individual components of vitamin D from multiple sources of 



 

24 

supplementation reported by the individual (i.e. prenatal vitamin, multi-vitamins, specific 

vitamin D supplements) and adjusting for the number of tablets taken. For ease of translating, 

vitamin D supplementation data was categorized as having adequate or inadequate dosage of 

vitamin D supplements as recommended by Alberta Health Services of 400 IU/day.  

2.6.3 Supplementation Data for Pregnant Women with IBD 

Pregnant women with IBD reported on vitamin D supplements that were taken separately 

from multivitamins and does not specify whether prenatal vitamins were included for this answer 

in the questionnaire. The daily dosage of vitamin D supplementation per day was categorized as 

the following; <199 IU, 200-399 IU, 400-599 IU, 600-799 IU, 800-999 IU, 1000-1999 IU, 2000-

3999 IU or >4000 IU per day. Vitamin D supplementation data for pregnant women with IBD 

was categorized as having adequate or inadequate dosage of vitamin D supplements as 

recommended by Alberta Health Services of 400 IU/day. Additionally, vitamin D 

supplementation data was separately categorized for having adequate or inadequate amount of 

vitamin D supplementation recommended for pregnant women at risk of vitamin D deficiency of 

2000 IU/day.  
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CHAPTER THREE: RESULTS 

3.1 Study Population 

The study population of 676 pregnant women consisted of 574 (84.9%) women without 

inflammatory bowel disease(IBD), 61 (9.02%) with Crohn’s Disease(CD) and 41 (6.07%) with 

ulcerative colitis(UC). The demographics of these populations are shown in Table 6.  

Overall, the study population consisted of Caucasian (88.0%) pregnant women (mean age 

(sd) = 32.0 (4.3) years) with a total household income greater or equal to $100 000 CAD (58.1%) 

and the highest education degree in either trade, technical or university (89.8%). The study 

population included 23.1% of women that were vitamin D insufficient (25-OHD ≤75 nmol/L) 

and 3.25% of women that were vitamin D deficient (25-OHD ≤50 nmol/L). 

Table 6. Demographics and Vitamin D Status of Pregnant Women With and Without 
Inflammatory Bowel Disease.  

 Without IBD CD UC 
Study Population (n) 574 61 41 
Mean age (sd) 32.1 (4.35) 31.2 (3.72) 31.7 (3.56) 
 n % (95% CI) n % (95% CI) n % (95% CI) 
Vitamin D insufficiency  100 17.4 (14.5 to 20.8) 31 50.8 (38.4 to 63.2) 25 61.0 (45.3 to 74.7) 
Vitamin D deficiency  12 2.1 (1.2 to 3.6) 4 6.6 (2.5 to 16.3) 6 14.6 (6.6 to 29.2) 
Caucasian  505 88.0 (85.0 to 90.4) 57 93.4 (83.7 to 97.5) 33 80.5 (65.3 to 90.0) 
≥$100 000  325 56.6 (52.5 to 60.6) 40 65.6 (52.8 to 76.5) 28 68.3 (52.5 to 80.8) 
Trade, technical, 
university  

517 90.1 (87.3 to 92.3) 52 85.2 (73.9 to 92.2) 38 92.7 (79.4 to 97.7) 

Season        
  Spring  
  (Mar 20 to Jun 19) 

86 15.0 (12.3 to 18.2) 18 29.5 (19.4 to 42.2) 11 26.8 (15.4 to 42.5) 

Summer  
(Jun 20 to Sept 21) 

135 23.5 (20.2 to 27.2) 7 11.5 (5.5 to 22.3) 10 24.4 (13.5 to 39.9) 

Fall  
(Sept 22 to Dec 20) 

192 33.4 (29.7 to 37.4) 17 27.9 (18.0 to 40.5) 11 26.8 (15.4 to 42.5) 

Winter   
(Dec 21 to Mar 19) 

161 28.0 (24.5 to 31.9) 19 31.1 (20.7 to 43.9) 9 22.0 (11.7 to 37.3) 
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The presence or absence of IBD in the two cohorts of pregnant women was not 

significantly associated with the distribution of maternal age, ethnicity, income or education 

(p=0.47, p=0.14, p=0.16, p=0.41, respectively), but was significantly associated with the season 

of when the blood work was completed (p=0.02) (Table 7).  

Table 7. Distribution of Potential Confounders Between Disease Status  

 Without IBD  	 Crohn’s Disease  Ulcerative colitis p-value 

 n % (95% CI) n % (95% CI) n % (95% CI)  
Maternal Age        
   <30 years  185 32.2 (28.5 to 36.2) 24  39.3 (27.9 to 52.1) 12 29.3 (17.3 to 45.0) - 
   ≥30 years  389 67.8 (63.8 to 71.5) 37 60.7 (47.9 to 72.1) 29 70.7 (55.0 to 82.7) 0.47 
Ethnicity        
   Caucasian  595 88.0 (84.0 to 90.4) 57 93.4 (83.7 to 97.5) 33 80.5 (65.3 to 90.0) - 
   Non-
Caucasian  

69 12.0 (9.6 to 15.0) 4 6.6 (2.5 to 16.3) 8 19.5 (10.0 to 34.7) 0.14 

Income        
   <$100000  249 43.4 (39.4 to 47.5) 21 34.4 (23.5 to 47.2) 13 31.7 (19.2 to 47.5) - 
   ≥$100000  325 56.6 (52.5 to 60.6) 40 65.6 (52.8 to 76.5) 28 68.3 (52.5 to 80.8) 0.16 
Education        
   High school 
or lower  

57 9.9 (7.7 to 12.7) 9 14.8 (7.8 to 26.1) 3 7.3 (2.3 to 20.6) - 

   Trade, 
technical, 
university 

517 90.1 (87.3 to 92.3) 52 85.2 (73.9 to 92.2.) 38 92.7 (79.4 to 97.7) 0.41 

Season of 
Blood Work 

      0.02 

   Spring 
(Mar20 to 
Jun19) 

86 15.0 (12.3 to 18.2) 18 29.5 (19.4 to 42.2) 11 26.8 (15.4 to 42.5) - 

   Summer 
(Jun20 to 
Sept21) 

135 23.5 (20.2 to 27.2) 7 11.5 (5.5 to 22.3) 10 24.4 (13.5 to 40.0) <0.01 

   Fall (Sept22 
to Dec20) 

192 33.4 (29.7 to 37.4) 17 27.9 (18.0 to 40.5) 11 26.8 (15.4 to 42.5) 0.02 

   Winter 
(Dec21to 
Mar19) 

161 28.0 (24.5 to 31.9) 19 31.1 (20.7 to 43.9) 9 22.0 (11.7 to 37.3) 0.07 
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3.2 Bivariate analysis 

3.2.1 Prevalence of Vitamin D Insufficiency 

There was a significant association (p<0.01) between disease status and vitamin D 

insufficiency (Table 8.). The prevalence of vitamin D insufficiency in women without IBD was 

17.4% (95% CI: 14.5 to 20.8%) compared to 50.8% (95% CI: 38.4 to 63.2%) with CD or 60.9% 

(95% CI: 45.3 to 74.7%) with UC. There were more women with UC that were vitamin D 

insufficient than women with CD. However, the prevalence of vitamin D insufficiency did not 

significantly differ between pregnant women with UC and CD (p=0.31).  

3.2.2 Prevalence of Vitamin D Deficiency 

Women with UC (p<0.01) had significantly greater prevalence of vitamin D deficiency 

when compared to the women without IBD, but not for those with CD (p=0.06). The prevalence 

of vitamin D deficiency in women with UC was 14.6% (95% CI: 6.65 to 29.2%) compared to 

6.56% (95% CI: 2.4 to 16.3%) with CD and 2.09% (95% CI: 1.19 to 3.65%) without IBD. There 

was no statistical difference in the prevalence of vitamin D deficiency between women with UC 

and CD (p=0.20).  

3.2.3 Prevalence of Vitamin D Insufficiency and Potential Confounders 

The prevalence of vitamin D insufficiency was higher in women who were non-

Caucasian than Caucasian (p=0.02) (Table 8.). About 33.3% (95% CI: 23.9 to 44.3%) of the 

non-Caucasian women were vitamin D insufficient and 21.7% (95% CI: 18.5 to 25.2%) of the 

Caucasian women were vitamin D insufficient.  

The season of when the blood work was completed had a significant association with the 

vitamin D status of the pregnant women (p=0.01) (Table 8.). Women that completed their blood 

work during the winter season had the highest prevalence of vitamin D insufficiency compared 
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to those who had completed their blood work during the season of spring, summer or fall 

(p=0.04). There were 33.7% (95% CI: 24.5 to 37.7%) of the women who completed their blood 

work during the winter that were vitamin D insufficient compared to those who had completed 

their blood work and were vitamin D insufficient for the season of spring (20.0%; 95% CI: 13.6 

to 28.3%), summer (15.8%; 95% CI: 10.8 to 22.5%) and fall (23.2%; 95% CI: 18.1 to 29.2%).  

There was no significant association between vitamin D status and maternal age (p=0.17), 

total household income (p=0.90) or education (p=0.75) (Table 8.).  

Table 8. Association Between Vitamin D Insufficiency and Demographic Characteristics of 
the Study Population. 

 Vitamin D sufficient Vitamin D insufficient  
 n % (95% CI)  n % (95% CI) p-value 
Disease Status      
   No IBD  474 82.6 (79.2 to 85.5) 100 17.4 (14.5 to 20.8) - 
   Crohn’s Disease  30 49.2 (36.8 to 61.6) 31 50.8 (38.4 to 63.2) <0.01 
   Ulcerative Colitis  16 39.0 (25.3 to 54.7) 25 61.0 (45.3 to 74.7) <0.01 
Maternal Age      
   <30 years  163 73.8 (67.5 to 79.2) 58 26.2 (20.8 to 32.5) - 
   ≥30 years  357 78.5 (74.4 to 82.0) 98 21.5 (18.0 to 25.6) 0.17 
Ethnicity      
   Caucasian  466 78.3 (74.8 to 81.5) 129 21.7 (18.5 to 25.2) - 
   Non-Caucasian  54 66.7 (55.7 to 76.1) 27 33.3 (23.9 to 44.3) 0.02 
Income      
   <$100000  217 76.7 (71.4 to 81.3) 66 23.3 (18.7 to 28.6) - 
   ≥$100000  303 77.1 (72.7 to 81.0) 90 22.9 (19.0 to 27.3) 0.90 
Education      
   High school or lower 52 75.4 (63.8 to 84.2) 17 24.6 (15.8 to 36.2) - 
   Trade, technical, 
university 468 77.1 (73.6 to 80.3) 139 22.9 (19.7 to 26.4) 0.75 
Season of Blood Work      
   Spring (Mar20 to Jun19) 92 80.0 (71.6 to 86.4) 23 20.0 (13.6 to 28.4) - 
   Summer (Jun20 to Sept21) 128 84.2 (77.5 to 89.2) 24 15.8 (10.8 to 22.5) 0.37 
   Fall (Sept22 to Dec20) 169 76.8 (70.8 to 81.9) 51 23.2 (18.1 to 29.2) 0.51 
   Winter (Dec21 to Mar19) 131 69.3 (62.3 to 75.5) 58 30.7 (24.5 to 37.7) 0.04 

 



 

29 

3.3 Multivariable Logistic Regression 

Multivariable logistic regression was performed on the outcome of vitamin D 

insufficiency with the covariates of ethnicity and season of when the blood work was completed. 

The results are presented in Table 9. Pregnant women with IBD were more likely to be vitamin 

D insufficient than pregnant women without IBD (CD: RR= 2.92, 95% CI: 2.15 to 3.96; UC: 

RR= 3.50, 95% CI: 2.58 to 4.74). Similarly, women with IBD were more likely to be vitamin D 

insufficient even after adjusting for the covariates of ethnicity and the season of blood work (CD: 

aRR= 2.98, 95% CI: 2.19 to 4.04; UC: aRR= 3.61, 95% CI: 2.65 to 4.93).  

Table 9. Logistic Regression for Vitamin D Insufficiency and Disease Status 

 Crude RR (95% CI) Adjusted RR* (95% CI) 
Without IBD Ref Ref 
Crohn’s Disease 2.92 (2.15 to 3.96) 2.98 (2.19 to 4.04) 
Ulcerative Colitis 3.50 (2.58 to 4.74) 3.61 (2.65 to 4.93) 
*adjusted for ethnicity and season of when the blood work was completed 

 

Further, separate multivariable logistic regression was performed just for pregnant 

women with IBD. Women with UC had a higher risk of vitamin D insufficiency than those with 

CD, but did not statistically differ in both the crude relative risk ratio (RR) (RR=1.20, 95% CI: 

0.85 to 1.70) and the adjusted RR with covariates of ethnicity and season of blood work 

(aRR=1.18, 95% CI: 0.82 to 1.69) (Table 10).  

Table 10. Logistic Regression for Vitamin D Insufficiency in Pregnant Women with IBD 

 Crude RR (95% CI) Adjusted RR* (95% CI) 
Crohn’s Disease Ref Ref 
Ulcerative Colitis 1.20 (0.85 to 1.70) 1.18 (0.82 to 1.69) 
*adjusted for ethnicity and season of when the blood work was completed 
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3.4 Subgroup Analysis on Clinical Characteristics of IBD 

 Subgroup analysis was conducted on those with IBD to determine whether clinical 

characteristics of IBD affected their vitamin D status (CD: 61; UC: 41; Table 11, Table 12). 

Most pregnant women with either CD (85.2%) or UC (80.5%) were in clinical remission as 

defined by the validated disease activity indices of HBI (<5) or SCCAI (<3) at the time of their 

blood work. About 45.9% of those with CD had inflammation in the ileocolonic part of the 

gastrointestinal tract, while 31.1% had purely ileal involvement and 23% had isolated colonic 

involvement. In terms of disease behaviour, non-stricturing and non-penetrating CD (62.3%) was 

the most prevalent followed by penetrating CD (21.3%) and stricturing CD (16.4%) as defined 

by the Montreal classification. Most pregnant women with UC had extensive UC (51.2%) 

followed by left-sided UC (39.0%) and ulcerative proctitis (9.76%). The disease duration for 

women with CD was 10.2 (IQR=9.49) years and for those with UC was 6.73 (IQR=7.14) years. 
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Table 11. Description of the Clinical Characteristics of Pregnant Women with Crohn’s 
Disease 

 Crohn’s Disease (n=61)  
Disease Severity, n(%)  
Remission (HBI<5) 52 (85.2) 
Relapse (HBI≥5) 9 (14.8) 
Disease Location, n(%)  
Ileal 19 (31.1) 
Colonic 14 (23.0) 
Ileocolonic 28 (45.9) 
Disease Behaviour, n(%)  
Non-stricturing, non-penetrating 38 (62.3) 
Stricturing 10 (16.4) 

Penetrating  13 (21.3) 

Perianal disease modifier, n(%) 21 (34.4) 
Disease Duration (years)  
Median (IQR) 

10.2 (9.49) 

<10 years, n(%) 30 (49.2) 
≥10 years, n(%) 31 (50.8) 
 

Table 12. Description of the Clinical Characteristics of Pregnant Women with Ulcerative 
Colitis 

	 Ulcerative Colitis (n=41)	
Disease Severity, n(%) 	
Remission (SCCAI≤2)	 33 (80.5)	
Relapse (SCCAI>2)	 8 (19.5)	
Disease Extent, n(%)	 	
Ulcerative proctitis 	 4 (9.8)	
Left sided UC/ Distal UC	 16 (39.0)	
Extensive UC/Pan-Colonic	 21 (51.2)	
Disease Duration (years)  
Median (IQR)	 6.73 (7.14)	

<10 years, n(%)	 31 (75.6)	
≥10 years, n(%)	 10 (24.4)	
 
3.4.1 Pregnant Women with CD 

The disease severity (p=0.08), disease location (p=0.69), disease behaviour (p=0.47) and 

perianal disease modifier (p=0.24) of women with CD were not significantly associated with 
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vitamin D status (Table 13). Those that had CD for longer or equal to 10 years before their 

pregnancy had greater prevalence of vitamin D insufficiency (64.5%; 95% CI: 45.9 to 79.6%; 

p<0.01). Whereas those with CD less than 10 years before pregnancy had greater prevalence of 

vitamin D sufficiency (63.3%; 95% CI: 44.4 to 78.9%; p<0.01). 

Table 13. Clinical Characteristics and Vitamin D Status of Pregnant Women with Crohn’s 
Disease 

 Vitamin D sufficient Vitamin D insufficient  
 n % (95% CI) n % (95% CI) p-

value 
Disease Severity      
   Remission (HBI<5; 28 54.8 (40.0 to 67.2) 24 46.2 (32.8 to 60.1) - 
   Relapse (HBI≥5) 2 22.2 (5.0 to 61.0) 7 77.8 (39.0 to 95.0) 0.08 
Disease Location     0.69 
   Ileal 8 42.1 (21.9 to 65.4) 11 57.9 (34.6 to 78.1) - 
   Colonic 8 57.1 (30.3 to 80.4) 6 42.9 (19.6 to 69.7) 0.39 
   Ileocolonic 14 50.0 (31.6 to 68.4) 14 50.0 (31.6 to 68.4) 0.60 
Disease Behaviour     0.47 
   Non-stricturing, non-penetrating 21 55.3 (38.9 to 70.5) 17 44.7 (29.5 to 61.1) - 
   Stricturing 4 40.0 (14.6 to 72.2) 6 60.0 (27.8 to 85.4) 0.39 
   Penetrating  5 38.5 (16.0 to 67.2) 8 61.5 (32.8 to 84.0) 0.30 
Perianal disease modifier      
   No 20 54.1 (37.6 to 69.7) 17 45.9 (30.3 to 62.4) - 
   Yes 8 38.1 (19.7 to 60.7) 13 61.9 (39.3 to 80.3) 0.24 
Disease Duration       
   <10 years 19 63.3 (44.4 to 78.9) 11 36.7 (21.1 to 55.6) - 
   ≥10 years  11 35.5 (20.4 to 54.1) 20 64.5 (45.9 to 79.6) 0.03 

 

3.4.2 Pregnant Women with UC 

The disease severity (p=0.92), disease extent (p=0.50), and disease duration (p=0.94) of 

women with UC were not significantly associated with vitamin D status (Table 14).  

  



 

33 

Table 14. Clinical Characteristics and Vitamin D Status of Pregnant Women with 
Ulcerative Colitis 

 Vitamin D sufficient Vitamin D insufficient  
 n % (95% CI) n % (95% CI) p-value 
Disease Severity      
   Remission (SCCAI≤2) 13 39.4 (23.8 to 57.5) 20 60.6 (42.5 to 76.2) - 
   Relapse (SCCAI>2) 3 37.5 (11.0 to 74.4) 5 62.5 (25.6 to 89.0) 0.92 
Disease Extent     0.50 
   Ulcerative Proctitis  1 25.0 (2.2 to 83.1) 3 75.0 (16.9 to 97.8) - 
   Left sided UC/ Distal UC 5 31.3 (12.8 to 58.4) 11 68.8 (41.6 to 87.2) 0.81 
   Extensive UC/Pan-Colonic 10 47.6 (26.9 to 69.2) 11 52.4 (30.8 to 73.1) 0.40 
Disease Duration       
   <10 years 12 38.7 (22.8 to 57.4) 19 61.3 (42.6 to 77.2) 0.94 
   ≥10 years  4 40.0 (14.4 to 72.5) 6 60.0 (27.5 to 85.6)  

 

3.5 Sensitivity Analysis for Vitamin D Supplementation 

3.5.1 Pregnant Women without IBD 

Alberta Health Services recommends that all pregnant women to meet at least 400 

International Units (IU) of vitamin D supplements per day to meet the Recommended Daily 

Allowance (RDA) of vitamin D. There was a significant association between vitamin D status 

and whether the recommended minimum daily dosage of vitamin D supplementation of 400 

IU/day was met or not in pregnant women without IBD (p<0.01; Table 15).  A large proportion 

of women without IBD were vitamin D sufficient, despite not meeting the recommended 

minimum daily dosage of vitamin D supplementation (<400 IU/day) (78.7%; 95% CI: 73.7 to 

82.9%). Conversely, 10.8% (95% CI: 6.9 to 16.6%) of women without IBD who fulfilled the 

minimum daily dosage of vitamin D supplementation (≥400 IU/day) were still vitamin D 

insufficient.  
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Table 15. Vitamin D Supplementation Compared to Vitamin D Status in Pregnant Women 
Without Inflammatory Bowel Disease.  

 
Vitamin D sufficient 
(>75 nmol/L) 

Vitamin D insufficient  
(≤75 nmol/L) 

p-
value 

 n % (95% CI)  n % (95% CI)  
≥400 IU/day 148  89.2 (83.4 to 93.1) 18 10.8 (6.9 to 16.6) - 
<400 IU/day 240 78.7 (73.7 to 82.9) 65 21.3 (17.1 to 26.3) <0.01 
 

3.5.2 Pregnant Women with IBD 

Although the current guideline recommends minimum daily dosage of vitamin D 

supplements of 400 IU/day for all pregnant women, the US Endocrine Society (USES) 

recommends minimum daily dosage of vitamin D supplements for pregnant women at risk of 

vitamin D deficiency to be 2000 IU/day. There was no statistically significant difference between 

pregnant women with CD and pregnant women with UC on taking the minimum recommended 

daily dosage of vitamin D supplements of 400 IU/day (p=0.44) or 2000 IU/day p=0.40) (Table 

16).  

Table 16. Daily Recommended Dosage of Vitamin D Supplementation in Pregnant Women 
with Inflammatory Bowel Disease 

 
Crohn’s Disease 

(n=43) 
Ulcerative Colitis 

(n=30) p-value 
  n % (95% CI) n % (95% CI)  
Daily Recommended 
Supplementation for All 
Pregnant Women       

≥400IU 31  56.4 (42.8 to 69.1) 24 43.6 (30.9 to 57.2) - 

<400IU 12 66.7 (41.8 to 84.8) 6 33.3 (15.2 to 58.2) 0.44 

Daily Recommended 
Supplementation for 
Pregnant Women at Risk of 
Vitamin D Insufficiency 

≥2000IU 17 65.4 (45.0 to 81.4) 9 34.6 (18.6 to 55.0) - 

<2000IU 26 55.4 (40.7 to 
69.1)) 

21 44.7 (30.9 to 59.3) 0.40 
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3.5.2.1 Recommended Vitamin D Supplementation of 400 IU/day (Current Guidelines for all 
Pregnant Women) 

A large proportion of pregnant women with IBD met the minimum daily dosage of 

vitamin D supplementation for all pregnant women of 400 IU/day (CD: 72%; UC: 80%). 

However, 32.3% (95% CI: 17.8 to 51.2%) of those with CD and 58.3% (95% CI: 37.1 to 76.9%) 

of those with UC were still vitamin D insufficient despite meeting the minimum daily dosage of 

vitamin D supplementation of 400 IU/day. There was no association between vitamin D status of 

pregnant women with UC and the minimum daily vitamin D supplemental intake of 400 IU/day 

(p=0.26). However, those with CD were more likely to be vitamin D sufficient if they had met 

the recommended daily dosage of vitamin D supplementation of 400 IU/day (67.8%; 95% CI: 

48.8 to 82.2%; p=0.04) 

3.5.2.2 Recommended Vitamin D Supplementation of 2000 IU/day (Based on the USES 
Guideline for Pregnant Women at Risk of Vitamin D Deficiency) 

There was only 39% of those with CD and 30% of those with UC that met the minimum 

daily dosage of vitamin D supplementation recommended for pregnant women at risk of vitamin 

D deficiency of 2000 IU/day. The prevalence of vitamin D insufficiency was 29.4% (95% CI: 

12.1 to 55.8%) of those with CD and 44.4% (95% CI: 15.7 to 77.4%) of those with UC that were 

taking at least the minimum daily dosage of vitamin D supplementation of 2000 IU/day. The 

vitamin D status of pregnant women with CD and UC was not associated with whether they met 

the daily recommended daily dosage of vitamin D supplementation of 2000 IU/day or not (UC: 

p=0.16; CD: p=0.18) (Table 17). This suggests that pregnant women with IBD who are more 

likely to be vitamin D insufficient were not necessarily taking a higher dosage of vitamin D 

supplements.   
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Table 17. Vitamin D Supplementation in Pregnant Women with Inflammatory Bowel 
Disease (Crohn’s Disease and Ulcerative Colitis). 

  Crohn’s Disease Ulcerative Colitis 
 

 
Vitamin D 
sufficient 

Vitamin D 
insufficient 

Vitamin D 
sufficient 

Vitamin D 
insufficient 

  n % (95% CI) n % (95% CI) n % (95% CI) n % (95% CI) 
Recommended 
for All 
Pregnant 
Women 
(IU/day) 

≥400 21 67.7  
(48.8 to 82.2) 10 32.3  

(17.8 to 51.2) 10 41.7  
(23.1 to 62.9) 14 58.3  

(37.1 to 76.9) 

<400  4 33.3  
(12.1 to 64.5) 8 66.7  

(35.5 to 87.9) 1 16.7  
(1.7 to 70.0) 5 83.3  

(30.1 to 98.3) 

Recommended 
for Pregnant 
Women at 
Risk of 
Vitamin D 
Insufficiency 
(IU/day) 

≥2000  12 70.6  
(44.2 to 87.9) 5 29.4  

(12.1 to 55.8) 5 55.6  
(22.6 to 84.3) 4 44.4  

(15.7 to 77.4) 

<2000 13 50.0  
(30.8 to 69.2) 13 50.0  

(30.8 to 69.2) 6 28.6  
(12.7 to 52.4) 16 71.4  

(47.6 to 87.3)	
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CHAPTER FOUR: DISCUSSION AND CONCLUSION  

4.1 Prevalence of Vitamin D Insufficiency 

4.1.1 Pregnant Women without IBD 

A cross-sectional observational study was conducted to assess the prevalence of vitamin 

D insufficiency in pregnant women with and without IBD. In this study, the prevalence of 

vitamin D insufficiency in pregnant women without IBD in Alberta, Canada was 17.4%. The 

prevalence of vitamin D insufficiency for the general population of pregnant women (i.e. those 

without IBD) in this study was much lower than what has been reported in the existing 

literature.(70,71) A study conducted in Toronto, a city east of where our study was conducted in 

Canada, showed that the prevalence of vitamin D insufficiency in the general population of 

pregnant women was 35.1%.(70) The prevalence of vitamin D insufficiency was even greater in 

Vancouver, a city west of where our study was conducted in Canada, with 65% of the pregnant 

women being vitamin D insufficient.(71)  

As the Canadian cities of Toronto and Vancouver are situated around the same latitude of 

where this study was conducted, the exposure to sunlight throughout each season is less of an 

importance in determining the differences in the prevalence of vitamin D insufficiency between 

these studies. However, the differences in the climates between these cities, sunscreen use and 

outdoor activity levels could have contributed to exposure of sunlight. Further, the prevalence of 

vitamin D insufficiency could have been much lower in this study compared to the prevalence of 

vitamin D insufficiency in the literature because this study population was skewed, consisting of 

a greater proportion of Caucasian women with a higher socioeconomic status. In contrast, non-

Caucasian women with lower socioeconomic status are more vulnerable to being vitamin D 
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insufficient. Thus, the overall prevalence of vitamin D insufficiency in our study population may 

be lower than that described in the existing literature.  

4.1.2 Pregnant Women with IBD 

Our study showed that the prevalence of vitamin D insufficiency was relatively, but not 

statistically, greater in pregnant women with UC than CD. The prevalence of vitamin D 

insufficiency in pregnant women with UC was 60.9% and for those with CD was 50.8%. 

Consistent with our findings, some existing studies showed that the prevalence of vitamin D 

insufficiency did not statistically differ between the non-pregnant individuals with UC and 

CD.(89,91,93) However, contradictory to our findings, other existing studies have shown that the 

vitamin D levels are significantly lower in those with CD than UC in a non-pregnant 

cohort.(91,126–128) The literature suggests that the prevalence of vitamin D insufficiency in the 

non-pregnant cohort with CD which ranges from 22% to 83% exceeds that seen in the UC 

population, where the prevalence of vitamin D insufficiency ranges from 15% to 

55%.(37,52,91,92,95–97) It has been previously well described that vitamin D insufficiency is 

more common in the non-pregnant cohort with CD compared to UC. This may be related to the 

altered absorption of vitamin D in those with CD who exhibit inflammation in the proximal 

small intestine where vitamin D is absorbed.(52,87,91,95,96,99,126,127,129–131) Due to this 

fact, there may be relative under-reporting of vitamin D status in individuals with UC. Further, 

our findings suggest that other mechanisms must exist which account for vitamin D insufficiency 

in individuals with UC given that UC does not affect the small intestine. Vitamin D insufficiency 

in individuals with UC may result from decreased oral intake, or interactions between vitamin D 

and IBD medications.(31,34,37,52,98–101) 
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Another possible mechanism for vitamin D insufficiency in those with UC may be 

attributed to the genetic variants of the vitamin D receptors (VDR) and its vitamin D-binding 

proteins (VDBP).(132,133) VDBP is the main transporter of vitamin D and delivers vitamin D3 

to the VDR where biological effects are mediated in the cells.(134,135) Genetic variants of these 

protein may change the way vitamin D is transferred or absorbed in the body.(132,133) Previous 

literature have suggested an association between IBD and the genetic variants of VDR and 

VDBP.(132,133,135) As VDR are highly expressed in the intestine,(134) genetic components of 

VDR and VDBP in pregnant women might be the factor that is influencing the prevalence of 

vitamin D insufficiency in pregnant women with UC, but also for those with CD. The findings 

from this study note the importance of equal surveillance and counselling of vitamin D levels for 

pregnant women with UC and CD.  

4.1.3 Pregnant Women with and without IBD 

This study demonstrated that pregnant women with IBD had greater prevalence of 

vitamin D insufficiency than pregnant women without IBD. Further, increased prevalence of 

lower levels of vitamin D persisted in pregnant women with IBD even when a stricter definition 

was used for vitamin D deficiency (25-OHD ≤50 nmol/L). The multivariable logistic regression 

showed that pregnant women with IBD were more likely to be vitamin D insufficient (≤75 

nmol/L) than those without IBD. This result remained consistent when adjusted for the 

covariates of ethnicity and season of blood work. Pregnant women with CD were 2.98 times 

more likely to be vitamin D insufficient than those without IBD. Similarly, pregnant women with 

UC were 3.61 times more likely to be vitamin D insufficient than those without IBD. Consistent 

with our findings, existing literature reports a higher prevalence of vitamin D insufficiency or 

significantly lower 25-OHD levels in the non-pregnant cohort with IBD compared to the general 
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population.(39,52,91–94) However, there are other studies to the contrary that suggest that the 

prevalence of vitamin D insufficiency is not statistically different between non-pregnant 

individuals with IBD and healthy controls.(43,96,129) The differences in these findings may be 

due to a variety of confounding factors including the definition of vitamin D insufficiency (i.e. 

different thresholds for vitamin D insufficiency and sufficiency) or the differences in the 

geographic locations of the studies. Irrespective of this, the existing literature only presents data 

on non-pregnant individuals with IBD, while our study is the first to assess the prevalence of 

vitamin D insufficiency in pregnant women with IBD.  

 

4.2 Potential Confounders  

Our study considered the potential confounders of maternal age (≥30 vs. <30 years), the 

ethnicity of the mother (Caucasian vs. non-Caucasian), the total household income (≥$100000 vs 

<$100000 CAD), the highest degree in education of the mother (have or have not completed 

trade, technical or university degree), and the season of when the blood work was completed 

(spring, summer, fall, winter). As mentioned before, a confounder is a non-observed factor that 

distorts the association between the exposure (the disease status of the pregnant women) and the 

outcome of interest (vitamin D status).  

4.2.1 Maternal Age 

The peak incidence of IBD occurs between 18 and 35 years of age.(7,8) Further, the 

literature reports that younger pregnant women are at an increased risk for vitamin D 

insufficiency.(35,54,136) This may relate to health seeking behaviours with older women being 

more likely to take vitamin D supplements, while younger women may not so readily engage in 

health promoting behaviours. (35) However, our findings in the bivariate analysis showed that 
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there was no significant association between vitamin D status and maternal age. The differences 

may relate to the way maternal age is categorized. We utilised a threshold of 30 years old, which 

is younger than that reported in the existing literature. Further, we were underpowered to detect a 

difference in the association between maternal age and vitamin D status, if it truly existed as 

most women in this study were older than 30 years of age. 

4.2.2 Ethnicity 

The prevalence of IBD is increasing worldwide and there are growing number of 

manuscripts on the incidence and prevalence of IBD in diverse ethnic groups.(5,88,137–141) A 

study conducted by Basu et al. have shown that ethnicity plays a role in the diagnosis of a 

specific subtype of IBD (CD vs. UC) among different ethnic individuals.(142) In this study, 

African Americans and those of European descent were more likely to have CD, whereas 

Mexican Americans were more likely to have UC.(142) Skin pigmentation,(143–145) a way to 

evaluate for ethnicity, influences the synthesis of vitamin D, specifically from 7-

dehydrocholesterol to vitamin D3 in the skin.(31,36,38,39). Thus, we deemed ethnicity as an 

important confounder for assessing vitamin D status in pregnant women with and without IBD. 

Individuals with darker skin pigmentation are less efficient in synthesizing vitamin D, as higher 

concentration of melanin absorbs the UVB radiations and prevents UVB from entering the skin 

to convert 7-dehydrocholesterol to vitamin D3.(143) This is consistent to the studies that showed 

an increased risk of vitamin D insufficiency in individuals with darker skin pigmentation or were 

of a non-Caucasian descent.(128,143–146) Similarly, our results showed that non-Caucasian 

pregnant women, individuals who are more likely to have darker skin pigmentations, were more 

likely to be vitamin D insufficient than those who were Caucasian. However, it is important to 

note that ethnicity was based on self-reported data and thus, may not be an appropriate 
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representation of their ethnicity or skin pigmentation to assess the role of ethnicity in vitamin D 

status of pregnant women with IBD.  

4.2.3 Income and Education 

Our study used income and education status as a proxy for socioeconomic status. In an 

analysis of the two population-based studies, individuals with IBD were less likely to be of a 

higher socioeconomic status based on data obtained from employment status, job classification, 

income and education.(147) Further, this study found that women were more likely to become 

unemployed or disabled, especially for those with CD.(147) A previous study also found that 

lower socioeconomic status, defined by education and income status, was found to be associated 

with lower vitamin D levels in pregnant women and perhaps that individuals with higher 

socioeconomic status was associated with higher vitamin D levels because they may have had 

more access to antenatal care and counselling for vitamin D supplements.(148) However, our 

findings showed that there was no significant association between vitamin D status and the 

education of the mother or the total household income. This suggested that socioeconomic status 

did not play a role in determining the vitamin D status in pregnant women with and without IBD. 

The differences from this study to the existing literature may have been due to different 

categorization for education and income to define socioeconomic status. Further, as our study 

population was skewed with greater proportion with higher education and income, we were 

underpowered to detect an association between vitamin D insufficiency and lower 

socioeconomic status.  

4.2.4 Season of Blood Work 

We previously mentioned that one of the ways in which vitamin D is obtained is through 

exposure to sunlight.(31,35–37) Season of when the blood work was completed for pregnant 
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women was used as a proxy for the exposure to sunlight, as the four seasons throughout the year 

have various lengths of sunlight. Higher prevalence of IBD has shown to be found in the 

northern hemisphere, where individuals have lower exposure to sunlight suggesting lower levels 

of vitamin D levels, than the southern region.(5,141) Further, in the northern region between the 

latitudes of 40-60°N, there is not enough sunlight during the winter season between October to 

March to stimulate cutaneous synthesis of vitamin D3.(149) This is consistently shown in studies 

that showed a higher prevalence of vitamin D insufficiency during the winter season.(52,91,149–

152) Similarly to these findings, this study showed that the highest prevalence of vitamin D 

insufficiency in pregnant women who had their blood work completed was during the winter 

season, when the exposure to sunlight was minimal, compared to those who had their blood work 

completed during the season of spring, summer or fall. 

 

4.3 Clinical Characteristics of Pregnant Women with IBD 

We assessed whether clinical characteristics of IBD in pregnant women were associated 

with vitamin D status. Disease severity was defined based on clinical symptoms as clinical 

remission (<5 HBI; ≤2 SCCAI) or clinical relapse (≥5 HBI; >3 SCCAI). Disease location and 

extent was defined as per the Montreal Classification(4) for CD (ileal, colonic or ileocolonic) 

and UC (ulcerative proctitis, left sided UC or extensive UC). Disease behaviour was defined per 

Montreal Classification for those with CD as non-stricturing and non-penetrating, stricturing, and 

penetrating. Disease duration was determine as having the disease for ≥10 or <10 years since the 

first diagnosis to when the blood work was completed.  
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4.3.1 Disease Severity 

The findings from this study showed that disease severity was not associated with 

vitamin D status of pregnant women with IBD. This was contradictory to what has been 

described in the existing literature where individuals with IBD that were vitamin D deficient had 

more active disease.(89,97,102,103) The differences between our study and the existing 

literature may be due to various confounding factors including the way disease severity was 

measured using difference indices (either clinical indices or non-clinical indices) or the 

differences in the baseline of disease severity within each study. Further, it is important to note 

that disease severity was only assessed in 61 pregnant women with CD and 41 pregnant women 

with UC. Thus, we may have been underpowered to detect a difference between disease severity 

and vitamin D status, if it existed. Additionally, it is important to note that we were only limited 

to assessing for clinical symptoms of IBD when assessing for disease severity and that no 

conclusion can be made about endoscopic severity or disease scores for inflammation using 

inflammatory biomarkers, such as C-reactive protein.  

4.3.2 Disease Location or Extent and Disease Behaviour 

Vitamin D is absorbed in the proximal small intestine and alteration to the epithelial cells 

of the intestine, e.g. inflammation may alter the absorption rate of vitamin D.(39) However, our 

study showed that the clinical characteristics of disease location, perianal disease modifier or 

disease behaviour was not associated with vitamin D status in pregnant women with CD. 

Additionally, disease extent was also not associated with vitamin D status for those with UC. 

This was consistent to the existing literature, although the studies were also limited by their use 

of secondary data. (89,153) We may not have found any statistical differences between these 

clinical characteristics and vitamin D status because we were underpowered to detect a 
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difference, especially since there were three categories within each of these clinical 

characteristics.   

4.3.3 Disease Duration 

Disease duration may indirectly change an individual’s vitamin D levels due to changes 

in individual’s lifestyle that is associated to having a chronic disease of IBD including their 

eating habits, physical activity, life time exposure to corticosteroids or biologics and surgical 

history. The findings from this showed a significant difference in pregnant women with CD 

between their vitamin D status and disease duration. Those with longer duration of CD had a 

greater prevalence of vitamin D insufficiency than that of those with shorter duration of CD. This 

was consistent to the findings by Tajika et al.(96) where they reported that longer duration of 

disease was a predictor for lower levels of 25-OHD levels. However, consistent with the study 

conducted by Kabanni et al.,(153) the findings from this study showed that disease duration was 

not statistically significantly associated with vitamin D status in pregnant women with UC. The 

differences between these two results remains unclear and further studies assessing for disease 

duration in a larger population of pregnant women with IBD may be more appropriate to 

determine the true association.    

 

4.4 Vitamin D Supplementation 

Inadequate vitamin D level during pregnancy is associated with adverse pregnancy 

outcomes.(82,83) As such, improving ones vitamin D status using oral vitamin D 

supplementation, intramuscular preparation injection of vitamin D or UV phototherapy may 

improve pregnancy outcomes.(107,108) 
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4.4.1 Recommendation of 400 IU/day 

The current guideline for vitamin D supplementation in Alberta, Canada recommends 

vitamin D supplementation of 400 IU/day for all pregnant women, as suggested by the Food and 

Nutrition Board of Institute of Medicine(45,109), Health Canada(110) and Dietitians of 

Canada.(111) The findings from this study showed that 78.7% of pregnant women without IBD 

were vitamin D sufficient despite not meeting the minimum required daily dosage of vitamin D 

supplementation of 400 IU/day. Further, there was only 10.8% of pregnant women without IBD 

who were vitamin D insufficient that were taking more than 400 IU/day of vitamin D 

supplementation. This study suggests that the current recommended daily dosage of vitamin D 

supplementation of 400 IU/day is adequate for pregnant women without IBD or the pregnant 

cohort of a general population. However, the guidelines relating to vitamin D supplementation 

for pregnant women with IBD are not so clear. If one was to use the recommendations for the 

general pregnant population, then our study demonstrated that 72.1% of pregnant women with 

CD and 80.0% of pregnant women with UC were compliant in meeting the minimum daily 

dosage of vitamin D supplementation of 400 IU/day. Despite a higher proportion of pregnant 

women with IBD meeting the minimum required daily dosage of vitamin D supplementation of 

400 IU/day, 32.3% of those with CD and 58.3% of those with UC were still vitamin D 

insufficient. This was congruent with a study conducted by Suibhne et. al.(129) of non-pregnant 

individuals with IBD, where vitamin D supplements of 200-400 IU/day was inadequate in 

preventing vitamin D deficiency. The findings from this study suggest that the current guideline 

for vitamin D supplementation for all pregnant women of 400 IU/day is inadequate for pregnant 

women with IBD. 
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4.4.2 Recommendation of 2000 IU/day 

Although there is no current guideline for vitamin D supplementation for pregnant 

women with IBD in Canada, the US Endocrine Society (USES) Practice Guideline 

Committee(42) recommends daily dosage of 2000 IU of vitamin D supplements per day for 

pregnant women at risk of vitamin D deficiency in the United States. The recommendation for 

vitamin D supplementation for pregnant women at risk of vitamin D deficiency, such as those 

with IBD, is at the discretion of each of the health care professionals. The findings from this 

study showed that only 39.5% of pregnant women with CD and 22.5% of pregnant women with 

UC were meeting the minimum daily dosage of vitamin D supplementation of 2000 IU/day. 

Vitamin D sufficiency was achieved in 70.6% of pregnant women with CD that were taking the 

minimum daily dosage of vitamin D supplementation of 2000 IU/day. While there was only 

55.6% of pregnant women with UC that were achieving vitamin D sufficiency despite taking the 

minimum daily dosage recommended for pregnant women at risk of vitamin D deficiency of 

2000 IU/day. Further, only 50% of those with CD were achieving vitamin D sufficiency despite 

not meeting the daily dosage of 2000 IU of vitamin D supplements per day, while only 30% of 

those with UC were achieving vitamin D sufficiency. The findings from this study suggests the 

need for a separate category to address the increased dose of vitamin D supplementation needed 

to achieve vitamin D sufficiency in pregnant women with IBD. Furthermore, this minimum daily 

dosage of vitamin D supplementation of 2000 IU/day for pregnant women with UC may still be 

inadequate.  
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4.4.3 Choosing Wisely Canada Campaign 

The “Choosing Wisely Canada” campaign works to ensure high-quality of care by 

removing unnecessary tests and treatments. As of April 2016, Alberta Health Services 

implemented a policy in line with the “Choosing Wisely Canada” campaign to remove vitamin D 

testing for the general population. This includes all pregnant women unless indications for 

vitamin D testing have been identified including metabolic bone disease, abnormal blood 

calcium, malabsorption syndrome, chronic renal disease and liver disease. The decision to 

remove vitamin D testing by Alberta Health Services was due to a large number of vitamin D 

tests ordered in the laboratories of Alberta.(154) In 2015, a study was conducted through Alberta 

Health Services in conjunction with the “Choosing Wisely Canada” campaign requiring health 

care professionals to submit a form identifying the indications for testing the vitamin D levels of 

each individuals as suggested by the guideline.(154) The results from this 9-month period study 

showed a 92.0% reduction in the number of vitamin D tests ordered, which resulted in a savings 

of about $4 million USD per year.(154) Implications from this resulted in implementation of 

removing vitamin D testing for the general population by Alberta Health Services as of April 

2016. This meant that pregnant women who do not meet the criteria listed in the guidelines will 

not be tested for vitamin D levels. This is concerning as the results from this study showed that 

17.4% pregnant women without IBD were vitamin D insufficient and that 10.8% were still 

vitamin D insufficient, despite taking the current recommended vitamin D supplementation in 

Alberta of 400 IU/day.  

Pregnant women with IBD can still be tested for vitamin D status as they fit the criteria 

for a malabsorption syndrome. With a maximum of one test every three months, women with 

IBD could still be tested each trimester, which may be useful for monitoring those who are 
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deemed to be vitamin D insufficient pre-conception, to assess the effectiveness of the prescribed 

vitamin D supplementation.  

4.4.4 Recommendations for Vitamin D Supplementation 

As vitamin D insufficiency have been associated with adverse pregnancy outcomes in the 

general population,(82,83) it is important that health care professionals are aware that pregnant 

women with IBD are more likely to be vitamin D insufficient than those without IBD when 

counselling for prenatal and intrapartum care. Further, health care professionals should be aware 

that despite meeting the current guideline for vitamin D supplementation of 400 IU/day, a higher 

proportion of pregnant women with IBD remain vitamin D insufficient. The current guidelines 

should change to add a separate category for pregnant women at risk of vitamin D insufficiency 

and recommend a higher daily dosage of vitamin D supplementation of at least 2000 IU/day. 

Currently, an algorithm for treatment of vitamin D deficiency and insufficiency for individuals 

with IBD in Alberta exists (Appendix A.). However, this was created for the non-pregnant 

cohort with IBD and therefore adaptation of the algorithm should allow the inclusion of pregnant 

women with IBD.  

In following the implementation of vitamin D testing by the “Choosing Wisely” 

campaign, pregnant women with IBD should be screened for vitamin D levels pre-conception 

and if insufficient, could be re-tested to assess the effect of supplementation at trimesters 1, 2, 

and 3 (Figure 2.). If women with IBD are found to be vitamin D sufficient during pre-

conception, they should continue their minimum daily dosage of vitamin D supplementation of 

2000 IU/day as suggested by the USES Practice Committee guideline. This daily dosage may 

need to be higher for those with UC. If women with IBD are found to be vitamin D insufficient 

during pre-conception, they should increase their daily dosage of vitamin D supplementation up 
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to 4000 IU/day, as this was shown to be effective in achieving vitamin D sufficiency without 

increasing adverse events during pregnancy in a non-IBD cohort.(83) Vitamin D level testing 

should occur again during trimester one to determine if the regimen is working for pregnant 

women with IBD. If found to be vitamin D insufficient during trimester one, the algorithm 

available currently for non-pregnant individuals with IBD should be followed (Appendix A.). 

However, the safety of higher daily dosage of vitamin D supplementation in pregnant women 

have not yet been studied and should therefore be approached with caution.  
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Figure 2. Algorithm for implementing vitamin D supplementation for pregnant women 
with IBD. 

 
amay need to increase the minimum daily dosage to 4000 IU/day for pregnant women with UC. 
bbased on current algorithm for non-pregnant individuals with IBD. However, there are no 
current literature based on the safety of higher dosage of vitamin D supplementation in pregnant 
women for the developing fetus.  
ccould be replaced with vitamin D2 50 000 IU/day 

Women with IBD
Screening for 25-OHD level

- pre-conception

Vitamin D sufficient 
(>75 nmol/L)

Vitmain D3 2000 IU/daya

Vitamin D insufficient 
(≤75 nmol/L)

Vitamin D3 4000 IU/day

Recheck @ trimester 1

Vitamin D sufficient 
(>75nmol/L)

Vitamin D3 4000 IU/day

Recheck @ trimester 2 
and 3

Vitamin D insufficient 
(≤75 nmol/L)

dose escalationb: Vitamin 
D3 7000 IU/dayc

Recheck @ trimester 2 
and 3 
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It is important to note that the recommendations from this cross-sectional study cannot 

answer the question as to whether increasing vitamin D supplementation will improve pregnancy 

outcomes. We were limited by the study design and sample size. Therefore, this study does not 

have the power to detect a significant difference in clinical outcomes of pregnancy with vitamin 

D supplementation. Future studies may prospectively assess the optimal daily dosage of vitamin 

D supplementation for pregnant women with IBD and capture data on pregnancy outcomes. 

Further, studies should determine whether a higher daily dosage of up to 10 000 IU/day is safe 

for the developing fetus, as this was deemed to be a safe upper limit without increasing the 

calcium levels in non-pregnant individuals with IBD.(155–157) Further, health care 

professionals should also be wary of supplementation of calcium when increasing the daily 

dosage of vitamin D, as higher serum 25-OHD concentrations improves absorption of 

calcium.(155) 

 

4.5 Strengths  

Various studies have observed the prevalence of vitamin D insufficiency in non-pregnant 

individuals with IBD and in pregnant women, separately. However, this is the first study to 

assess the prevalence of vitamin D insufficiency in pregnant women with IBD. Studying vitamin 

D status in pregnant women with IBD is important as lower levels of vitamin D has shown to be 

associated with adverse pregnancy outcomes.(82,83) As the available data on vitamin D levels in 

pregnant women with IBD is limited, the study design that we have chosen for this study is 

appropriate to capture the study population. We have chosen a cross-sectional observational 

study design and determined an already defined cohort of pregnant women with IBD that have 
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available intrapartum 25-OHD levels. This study design allowed for feasibility of obtaining the 

data needed on pregnant women with IBD and being powered to determine the prevalence of 

vitamin D insufficiency. Additionally, it provided a valuable snapshot of vitamin D insufficiency 

during pregnancy for women with and without IBD. Further, recruitment of pregnant women 

with and without IBD from the two prospective longitudinal cohorts were conducted in the same 

geographic region of Alberta, Canada. This allowed for consistency in the exposure to sunlight 

throughout each season, although we were still limited to their outdoor physical activity levels. 

As there was no information on their outdoor activities, the amount of time spent outdoors may 

have differed vastly between pregnant women with and without IBD.  

 

4.6 Limitations 

4.6.1 Generalizability 

The generalizability of our findings was limited to older Caucasian pregnant women with 

higher socio-economic status (SES) defined as having a total household income of ≥$100 000 

CAD per year and a degree in trade, technical or university. A selection bias could have resulted 

with more willingness in pregnant women with higher SES to participate in the study. As 

existing literature shows that Caucasian pregnant women or women with higher SES are more 

likely to be vitamin D sufficient, the relative risk ratio (RR) calculated in this study may be 

biased towards the null or is lower than the true value of the association. This makes the findings 

from this study even more important as the RR for vitamin D insufficiency may be greater for 

pregnant women with IBD when compared to those without IBD. 
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4.6.2 Residual Confounding 

There is a potential for residual confounding in this study. Cigarette smoking has shown 

to be associated with lower circulating vitamin D levels, increasing the risk of vitamin D 

insufficiency.(35,53,145,158) Further, non-pregnant individuals with CD that are smokers are 

more likely to be associated with worsening of disease,(159,160) while smoking for those with 

UC have shown to have a protective effects.(159,161) However, in our study we were unable to 

assess for the potential confounder of smoking as there were insufficient amount of data on 

smoking available for pregnant women with and without IBD. Our database showed that 162 

pregnant women left the smoking question blank and for those who answered the question, only 

marked themselves as either a non-smoker or former smoker. There was only one individual who 

marked their smoking status as a current smoker. This is not surprising as there is a stigma 

against women who smokes during their pregnancy. Therefore, there may not have been any 

current smokers or those women who did not answer the question about their smoking status 

may have in fact been smokers and were uncomfortable answering the question truthfully.  

4.6.3 Categorization of Vitamin D Status 

This study categorized vitamin D sufficiency (25-OHD >75nmol/L) and insufficiency 

(25-OHD ≤75nmol/L) based on the definition provided by the World Health Organization and 

the USES Clinical Practice Guideline.(42,43) However, this categorization was based on 

preventing diseases related to bone health and optimizing parathyroid hormone 

concentration.(44–47) Sufficient vitamin D levels to prevent other diseases have not yet been 

studied with similar rigour and vitamin D levels needed to support immune response may be 

different than the amount suggested for bone health.(85) Thus, the categorization for vitamin D 

status may not have been appropriate for studying vitamin D insufficiency in pregnant women 
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with IBD. Further, there still remains controversy among experts as to the ideal dose and serum 

level of vitamin D.(42,44–47,162–166) Additionally, we were limited to the number of available 

pregnant women who were vitamin D deficient (25-OHD ≤50 nmol/L) to assess for potential 

confounders. 

4.6.4 Causal Inferences 

We are limited to assessing for causal inferences on vitamin D insufficiency and IBD, as 

our study was a cross-sectional study measuring the vitamin D levels at a specific point in time. 

There are nine causal criterion identified by Bradford Hill’s criteria for causality(167) including 

temporality, strength of association, consistency, biological gradient, biological plausibility, 

coherence, experimental evidence and analogy. Our study violated the first causal criterion of 

temporality. As our study design to determine the prevalence of vitamin D insufficiency of 

pregnant women with and without IBD was a cross-sectional study, there were no indications to 

whether insufficient levels of vitamin D induced IBD or was the result of the disease state. Since 

temporality is the most important criterion for causality and this study fails to describe the 

temporal relationship between vitamin D and IBD, we cannot determine the causal relationship 

between vitamin D insufficiency and IBD. This study was unable to determine whether vitamin 

D insufficiency resulted in adverse pregnancy outcomes in pregnant women with and without 

IBD because this study had a small sample size of those with CD and UC limiting the power to 

detect a difference, if it truly existed. 

 

4.7 Implications and the Next Steps 

 The implications of the findings from this study raise awareness and build a foundation 

for understanding the magnitude of vitamin D insufficiency in pregnant women with IBD, a 
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critical first step in developing appropriate clinical care pathways to address vitamin D in this 

population. The results from this study showed that pregnant women with IBD are more likely to 

be vitamin D insufficient suggesting that health care professionals should be aware of this 

increased prevalence of vitamin D insufficiency in pregnant women with IBD during the prenatal 

and intrapartum visits. Further, the findings from this study suggests that the current guidelines 

for vitamin D supplementation of 400 IU/day may not be appropriate for all pregnant women. 

Women with IBD are more likely to be vitamin D insufficient and may need a higher daily 

dosage of vitamin D supplementation to achieve vitamin D sufficiency. As lower levels of 

vitamin D have been associated with adverse pregnancy outcomes, better prenatal and 

intrapartum care counselling for vitamin D supplementation may improve pregnancy outcomes 

for women with IBD. Future studies should build from our findings to better understand the role 

of vitamin D insufficiency in pregnant women with IBD. Vitamin D supplementation is an easy 

treatment to improve one’s vitamin D status and as such, research should focus on determining 

the optimal daily dosage of vitamin D supplementation without increasing adverse pregnancy 

outcomes in pregnant women with IBD. Further, researchers should determine whether 

improving one’s vitamin D status will improve pregnancy outcomes for pregnant women with 

IBD. These future studies have implications for developing appropriate protocols and guidelines 

for vitamin D insufficiency in hopes to provide equal and consistent treatment for pregnant 

women with IBD during their prenatal and intrapartum visits. 

 

4.8 Conclusion 

Our cross-sectional study concluded that pregnant women with inflammatory bowel 

disease (IBD) have a higher prevalence of vitamin D insufficiency (25-OHD ≤75 nmol/L) than 
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those without IBD. There is a need for greater surveillance of vitamin D status in pregnant 

women with IBD as vitamin D insufficiency during pregnancy in the general population has been 

associated with adverse pregnancy outcomes. Current protocols and guidelines for vitamin D 

supplementation in pregnant women with and without IBD should be updated and made 

appropriate for pregnant women with IBD, who are more likely to be vitamin D insufficient. 

Future studies should focus on determining the optimal daily dosages of vitamin D supplements 

to achieve vitamin D sufficiency in pregnant women with IBD. Future studies in this area will 

improve prenatal and intrapartum care for better pregnancy outcomes for the women with IBD 

and their newborns.   
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APPENDIX A: CURRENT ALGORITHM TO IMPLEMENT VITAMIN D 

SUPPLEMENTATION IN PATIENTS WITH IBD 

Figure A1. Algorithm for IBD patients with normal 25-hydroxyvitamin D levels 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Patients to Screen 
Patients with IBD or Celiac Disease 

•  New diagnosis or follow-up without 
documented level 

•  Active disease (IBD) 
 

Check 25-hydroxyvitamin D level 

75 – 125 nmol/L  > 125 nmol/L 

Figure 1.  Algorithm for patients with normal 25-hydroxyvitamin D levels.   

Vitamin D3 2000 IU daily Nil replacement 

If disease control is 
not optimal, recheck 

levels in one year 

Recheck in 1 year 
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Figure A2. Algorithm for IBD patients with insufficient levels of 25-hydroxyvitamin D  

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Algorithm for patients with insufficient levels of 25-hydroxyvitamin D.   

Insufficiency  
25- hydroxyvitamin D = 50 – 75 nmol/L  

Vitamin D3 2000 IU daily  
Continue for 4 months and then recheck levels 

75 - 125 nmol/L 

Vitamin D3 2000 IU daily 

Recheck in 1 year 

50-75 nmol/L 

Vitamin D2 50 000 IU weekly for 16 weeks 
and then recheck levels 

75 - 125 nmol/L 

Continue Vitamin D2 50 000 IU weekly  

50 - 75 nmol/L 

 Vitamin D2 50 000 IU 2/week for 
one week alternating with once 
weekly. Recheck in 4 months   

75 - 125 nmol/L 
Check levels Q4months until 

stable and then yearly  

If 50-75 nmol/L,  Vitamin D2 50 000 IU 2/
week.  Check levels Q4months 
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Figure A3. Algorithm for IBD patients with deficient levels of 25-hydroxyvitamin D 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Algorithm for patients with deficient levels of 25-hydroxyvitamin D.   
Deficiency 

25- hydroxyvitamin D < 50  nmol/L  
Check calcium 

If elevated, check 
PTH 

Vitamin D2 50 000 IU weekly for 16 weeks 
and then recheck levels 

75 – 125 nmol/L 

Vitamin D3 2000 IU daily 

Recheck  Q6 months 

50-75 nmol/L 

See Insufficiency 
Algorithm Figure 2 

< 50 nmol/L 

Vitamin D2 50 000 IU Wed and Sunday for  
16 weeks and then recheck levels 

> 50 nmol/L < 50 nmol/L 

Continue Vitamin D2 50 000 IU Wed and Sunday 
Check levels Q 4 months  

If  > 125 nmol/L, decrease to Vitamin D 50 000 IU 
weekly.  Otherwise, continue at above dose.  

Refer for UV Light 
Therapy 


