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Chapter 1. Introduction 
 
1.1 Background 
The discovery of vitamin D was somewhat backwards in that the implications of deficiency where 
identified first when British physicians published works detailing the bone disease now known as 
rickets (Holick, 2006). Over time, researchers began to acknowledge the relationship between sun 
exposure, ultraviolet radiation (UVR) and bone health after rickets was found to be more prevalent in 
areas of high pollution (Holick, 2006).   
 
More than a century later, the vitamin itself was recognised when biochemist Elmer McCollum treated 
rachitic rats with an oxidised cod liver oil (Holick, 2006). Following this, a key accomplishment in 
vitamin D research was contributed by Harry Steenbok. The biochemist identified that foodstuffs 
reacted to UVR and this finding was used as a basis for the food fortification procedures that helped 
to eradicate rickets around Europe and The United States in the 1940s (Holick, 2006). 
 
Cutaneous vitamin D synthesis is the main source of vitamin D in counties with ample sunshine such 
as Australia and New Zealand (Nowson et al., 2012). Dietary sources of the vitamin are limited; these 
include oily fish or fish oils, offal, meat, eggs and dairy (Shrapnel & Truswell, 2006). Foods fortified 
with vitamin D provide an additional dietary source however at present, fortification with vitamin D is 
a voluntary process in New Zealand. Fortification is restricted to margarine and edible oils and certain 
dairy foods including infant formula (Food Standards Australia New Zealand, 2017; Shrapnel & 
Truswell, 2006). Internationally, stricter fortification policies have been associated with higher intakes 
of the vitamin (Shrapnel & Truswell, 2006). Vitamin D supplements are also available both on 
prescription and over the counter.  
 
The most recognised function of vitamin D relates to the skeletal system as the vitamin has an 
endocrine function in bone mineral homeostasis by regulating serum concentrations of calcium and 
phosphate (Pike & Christakos, 2017). More recently however, research has turned toward the 
potential immunomodulatory role of vitamin D. This follows studies in rachitic children that identified 
an association between the bone disease and respiratory tract infections (Yakoob, Salam, Khan, & 
Bhutta, 2016). Following discovery of vitamin D receptor (VDR) expression in several tissues involved 
with immune system functioning, it is believed that the vitamin influences both the innate and 
adaptive immune systems (Wei & Christakos, 2015).  
 
In the New Zealand context, vitamin D deficiency is defined as serum 25-hydroxyvitamin D (25(OH)D) 
at 24nmol/L or below; insufficiency is defined as 49nmol/L or below (Ministry of Health and Cancer 
Society of New Zealand, 2012). Clinical manifestations of deficiency include delayed growth, delayed 
standing and walking, and frequent falling in children (Bordelon, Ghetu, & Langan, 2009; Thacher & 
Clarke, 2011; van Schoor & Lips, 2018). In adults it may present as bone pain, fractures, and muscle 
weakness (Bordelon et al., 2009; Thacher & Clarke, 2011; van Schoor & Lips, 2018). New Zealand-
based studies have identified vitamin D deficiency and insufficiency in several age brackets (Bolland 
et al., 2006; Camargo et al., 2010; Grant, Wall, Crengle, & Scragg, 2009; Houghton et al., 2010; Lucas 
et al., 2005; Ministry of Health, 2012; Rockell, Skeaff, Williams, & Green, 2006; Rockell et al., 2005).  
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In a similar manner to vitamin D3 metabolism, ergosterol, a membrane-bound sterol otherwise known 
as provitamin D2, is converted to biologically inactive pre-ergocalciferol (pre-vitamin D2) which further 
isomerises to ergocalciferol (Gil et al., 2018; Jäpelt & Jakobsen, 2013; Keegan, Lu, Bogusz, Williams, & 
Holick, 2013).  Synthesis of vitamin D2 by radiation is not a metabolic function that humans are capable 
of but instead occurs in fungi. For this reason, humans are able to obtain vitamin D2 only from the 
diet.   
 
2.2.2 Dietary 
Although not the primary source for humans, vitamin D can be obtained from the diet in small 
amounts via a limited number of foods (Shrapnel & Truswell, 2006). Natural food sources of vitamin 
D2 are of plant-origin and primarily include members of the Kingdom Fungi, namely mushrooms and 
yeast. These foods however must undergo UV�E exposure in order for vitamin D2 to become utilisable 
for human metabolism (Hayes & Cashman, 2017; Keegan et al., 2013). Vitamin D3 is naturally present 
without need for radiation in oily fish and or fish oils, offal, meat, eggs and dairy (Holick, 2008b, 2017; 
Schmid & Walther, 2013; Tripkovic et al., 2017; Wilson, Tripkovic, Hart, & Lanham-New, 2017). There 
is concern that healthy eating guidelines both in New Zealand and around the world typically do not 
support an intake of dietary vitamin D that is sufficient to meet adequate intake reference ranges 
(Shrapnel & Baghurst, 2007; Shrapnel & Truswell, 2006). This is secondary to the guidelines supporting 
reduced dietary fat intakes as a means of preventing obesity and cardiovascular disease (Shrapnel & 
Truswell, 2006). The 2008/09 New Zealand Adult Nutrition Survey did not analyse dietary vitamin D 
intake as food composition data for this nutrient was deemed unreliable (Ministry of Health, 2011).  
 
The Nutrient Reference Values for Australia and New Zealand (NRVANZ) recommend a dietary intake 
of 5�Pg per day as this figure safely accounts for minimal sunlight exposure (Ministry of Health, 2006b). 
There is variation in the vitamin D content of foods within each of the aforementioned, vitamin D-rich 
food groups which highlights the need for specificity when discussing dietary modifications to ensure 
adequate vitamin D intake (The New Zealand Institute for Plant and Food Rsearch Limited & The 
Ministry of Health, 2016). 
 
Dietary vitamin D2 and vitamin D3, are absorbed in the small intestine and arrive at the liver via 
transport in chylomicrons (Gil et al., 2018; Jäpelt & Jakobsen, 2013). 
 
2.2.3 Food Fortification  
In 1996, the New Zealand government permitted voluntary vitamin D fortification of margarine and 
edible oil spreads, as well as dairy foods including infant milk formulas but excluding full-fat milk (Food 
Standards Australia New Zealand, 2017). Infant formulas in New Zealand are required to contain 0.25-
0.63�Pg of vitamin D per 100kJ (Grant et al., 2009). Fortification policies vary around the world; more 
wide-spread or mandated rather than voluntary fortification is associated with higher intakes of 
vitamin D (Calvo & Whiting, 2013; Cashman & Kiely, 2016; Itkonen, Erkkola, & Lamberg-Allardt, 2018; 
Nowson & Margerison, 2002; Nowson et al., 2012; Shrapnel & Truswell, 2006). Similarly to naturally 
occurring food sources of vitamin D, fortified foods are unable to provide adequate vitamin D to meet 
requirements when UVR is lacking (Green, Skeaff, & Rockell, 2010; Itkonen et al., 2018). In a 2010 
randomised controlled trial (RCT) with 73 New Zealand-based females, participants receiving fortified 
milk had significantly higher levels of vitamin D than the controls. This increase was unable to buffer 
the seasonal decline in vitamin D levels, however that occur secondary to changes in intensity of UVR 
(Green et al., 2010).   
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To maintain normal function, calcitriol is regulated by the enzymes responsible for its activation and 
degradation; 1�D-hydroxylase and 24-hydroxylase respectively (Gil et al., 2018; Pike & Christakos, 
2017). Two hormones, fibroblast growth factor 23 (FGF23), secreted predominantly by osteoblasts, 
and parathyroid hormone (PTH), secreted from the parathyroid gland, regulate the expression of the 
two enzymes and are released in response to extracellular phosphate and calcium levels respectively 
(Gil et al., 2018; Pike & Christakos, 2017).  
 

2.3.2 Immune Function 
Studies in rachitic children began to note an association between this condition and respiratory tract 
infections. Originally this was thought to be a result of bone deformities impacting lung function. 
Advancements in this field of research however, have identified the cellular mechanisms by which 
vitamin D impacts the immune system functioning (Yakoob et al., 2016). A key advancement being 
identification of VDR and 1�D-hydroxylase expressed in tissues that do not have an association with 
bone mineral homeostasis (Prietl, Treiber, Pieber, & Amrein, 2013; Wei & Christakos, 2015). From 
here, many cells of the immune system were identified as having a relationship with vitamin D. Within 
the innate immune system, vitamin D appears to promote differentiation of monocytes into 
macrophages and enhance their antimicrobial functions, phagocytosis and chemotaxis (Baeke, 
Takiishi, Korf, Gysemans, & Mathieu, 2010; Prietl et al., 2013). Furthermore, the vitamin may promote 
transcription of cathelicidin and beta-defensin; antimicrobial peptides that functions by destroying 
the integrity of microbial membranes (Baeke et al., 2010; Prietl et al., 2013).   
 
Within the adaptive immune system, it has been proposed that vitamin D may downregulate B cell 
function. In doing so, vitamin D may have a protective role against autoimmune conditions given that 
B cells secrete antibodies. When autoreactive, these antibodies contribute to the aetiology of 
autoimmunity (Prietl et al., 2013; Walker & Modlin, 2009; Wu, Lewis, Pae, & Meydani, 2018). Secondly, 
vitamin D may influence T cell function in that it down regulates T cell secretion of pro-inflammatory 
cytokines. Vitamin D also promotes differentiation of T cells into Th2 cells and regulatory T cells which 
function to be anti-inflammatory and to prevent hyper- or misdirected immune responses (Prietl et 
al., 2013; Walker & Modlin, 2009; Wu et al., 2018).  
 
The 2012 New Zealand Consensus Statement on Vitamin D concluded that there was not enough 
evidence to develop public health messages that incorporate vitamin D for immune health. The 
consensus statement has not since been reviewed however much of the evidence around vitamin D 
for immune function evolved after this time.  
 

2.4 Outcomes of Vitamin D Deficiency  
 
2.4.1 Classic Outcomes  
Similar to the functions of vitamin D, outcomes of deficiency can be classified as classic and non-
classic. Classically, vitamin D deficiency has been associated with diseases of the skeletal system that 
effect the integrity and function of bone; this includes rickets in children and osteomalacia or 
osteoporosis in adults (Theodoratou, Tzoulaki, Zgaga, & Ioannidis, 2014). Outside of bone structure, 
calcium and phosphate have a variety of roles such as in cell signalling, neurotransmission and in 
muscle function (Shaker & Deftos, 2018). Serum levels of calcium, and to a slightly lesser extent 
phosphate, are tightly regulated within a very narrow range to preserve the variety of roles these 
minerals have (Shaker & Deftos, 2018).  When vitamin D is insufficient, serum calcium and phosphate 
concentrations cannot be maintained at an adequate level and will be resorbed from bone (Civitelli & 
Ziambaras, 2011; Silva & Bilezikian, 2015; van Driel & van Leeuwen, 2017). Receptors located in the 
membrane region of the cells of the parathyroid gland detect serum calcium levels and secrete PTH in 
response to hypocalcaemia (Civitelli & Ziambaras, 2011; Silva & Bilezikian, 2015).  
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PTH acts to increase serum calcium via upregulation of renal calcium resorption and calcium 
liberation from bone via stimulation of osteoclastic bone remodelling (Civitelli & Ziambaras, 2011; 
Silva & Bilezikian, 2015). Chronic vitamin D deficiency therefore results in weakened bone structure 
secondary to bone lacking sufficient mineral density (Anderson et al., 2008).   
 
2.4.2 Non-Classic Outcomes 
In more recent years, research has turned towards non-classical outcomes outside of the skeletal 
system. The potential implications of vitamin D deficiency include increased risk of certain cancers 
such as colon, breast and prostate (Baggerly et al., 2015; Holick, 2008a); autoimmune conditions such 
as rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease and type 1 diabetes (Feng et 
al., 2015; Harrison, Li, Jeffery, Raza, & Hewison, 2019; Kabbani et al., 2016; Pierrot-Deseilligny & 
Souberbielle, 2017); infectious diseases, mental health disorders and cardiovascular disease (Gil et al., 
2018; Humble, 2010; Pike & Christakos, 2017; Theodoratou et al., 2014). At present, the evidence for 
prophylactic or interventional use of vitamin D is largely inconclusive and screening for vitamin D 
deficiency is not a front-line strategy for prevention of the aforementioned conditions (Holick, 2011; 
Theodoratou et al., 2014).  
 

2.5 Prevalence of Vitamin D Deficiency  
 
2.5.1 Defining Deficiency  
To explore the prevalence of vitamin D deficiency, sufficiency and deficiency must first be defined. 
The gold standard for measurement of vitamin D status is high performance liquid chromatography 
tandem mass spectrometry (Holick, 2009). This method is used to measure serum 25(OH)D, the 
preferred metabolite used to define vitamin D status. Although no globally accepted guideline exists, 
most organisations, including the New Zealand Ministry of Health, agree that serum 25(OH)D is 
adequate when at a level of 50 nmol/L or above; a level of 24 nmol/L or below signals deficiency 
(Ministry of Health and Cancer Society of New Zealand, 2012). Other organisations such as the 
Endocrine Society believe that vitamin D deficiency should be defined as a serum 25(OH)D level below 
50nmol/L and insufficiency as a serum 25(OH)D level below 75nmol/L (Holick et al., 2011). For the 
purpose of this study, vitamin D levels defined by the New Zealand Ministry of Health have been used 
for reference when discussing vitamin D status. Clinical manifestations include bone pain, delayed 
growth, delayed standing and walking and frequent falling in children. In adults, it may present as 
bone pain, fractures and muscle weakness (Bordelon et al., 2009; Thacher & Clarke, 2011; van Schoor 
& Lips, 2018).  
 
2.5.2 Prevalence of Vitamin D Deficiency in New Zealand 
Given the array of method of determining vitamin D status, nor is there a universally accepted range 
by which vitamin D status is defined, comparing trends in deficiency between populations can be 
problematic. Despite these challenges, there is evidence to suggest that vitamin D deficiency is making 
a resurgence on a global level (Hilger et al., 2014; Mithal et al., 2009). In New Zealand, sub-optimal 
vitamin D concentrations have been observed in several age brackets. In a study of 925 healthy new-
borns, one in five were found to have cord blood concentrations of 25(OH)D below 25nmol/L 
(Camargo et al., 2010). A further two studies that included children between the ages of six and twenty 
three months of age identified prevalent vitamin D insufficiency in early childhood dependent on 
ethnicity and the season in which the status was measured (Grant et al., 2009; Houghton et al., 2010). 
The chemiluminescence immunoassay and radioimmunoassay methods used for determining 
25(OH)D levels in these studies however, have been shown to produce results of poorer accuracy 
compared to the preferred method, high performance liquid chromatography (Snellman et al., 2010). 
Delshad et al. reported that 25.6% of the 507 participants between the ages of eight and 11 years had 
25(OH)D concentrations below 50nmol/L (Delshad et al., 2019).  









 16 

2.7.1 Supplementation with Vitamin D During Pregnancy  
Primarily, upregulation of maternal vitamin D metabolism occurs to ensure adequate calcium 
provision for fetal bone mineralisation (Agarwal et al., 2018; Pludowski et al., 2013). As research has 
developed beyond the skeletal function however, maternal vitamin D deficiency has been associated 
with several adverse health outcomes in both the mother and neonate (Agarwal et al., 2018; 
Pludowski et al., 2013). The Companion Statement to the 2012 New Zealand Consensus Statement on 
Vitamin D concluded there was not enough evidence in support of vitamin D supplementation during 
pregnancy for the prevention of these outcomes.  
 
The Cochrane Review however, which this conclusion was based on, has since been updated (Palacios 
et al., 2019). Vitamin D supplementation during pregnancy may reduce the risk of pre-eclampsia, 
gestational diabetes meletus (GDM) and severe post-partum haemorrhage. Risk of pre-term birth is 
unlikely to be reduced with vitamin D supplementation. The Cochrane review reported however, that 
when vitamin D and calcium were supplemented together, the risk of pre-term birth was increased 
(Palacios et al., 2019). This highlights the need for both further research and clear supplementation 
guidelines.  For the neonate, maternal vitamin D supplementation may reduce the risk of low 
birthweight (Palacios et al., 2019). 
 
The 2012 New Zealand Consensus Statement on Vitamin D reported that prophylactic 
supplementation may be beneficial however, if a pregnant woman meets one or more of the at-risk 
criteria for deficiency. Pregnant women share the same risk factors for deficiency as the general 
population (Ministry of Health and Cancer Society of New Zealand, 2012).   
 
A PHARMAC-funded vitamin D supplement designed specifically for at-risk pregnant women does not 
exist, however these women may be prescribed vitamin D as per preparations available for the general 
population (Best Practice Advocacy Centre New Zealand, 2011; Ministry of Health, 2013a). The 
standard supplement being a once monthly 1.25mg cholecalciferol tablet (Ministry of Health, 2013a; 
Ministry of Health and Cancer Society of New Zealand, 2012). Over-the-counter multi-vitamin 
preparations designed for pregnant women contain vitamin D; these are available without 
prescription however tend to carry a greater cost and additional risks as outlined in previously.   
 
2.7.2 Prevalence of Deficiency in Pregnant Women   
Pregnant women are more susceptible to deficiency secondary to the fetus requiring vitamin D for 
growth and development; accrual of fetal bone mass occurs primarily in the third trimester therefore 
risk of maternal deficiency is greater during this time (Wheeler et al., 2018). Furthermore, infant 
vitamin D status has been found to correlate with maternal vitamin D status, particularly during the 
third trimester (Wheeler et al., 2018). It is recommended however, that at-risk pregnant women in 
Australia and New Zealand undergo measurement of serum vitamin D levels early in their first 
trimester (Paxton et al., 2013); deficiency that develops later in pregnancy or in women that are not 
classified as at risk, may therefore go undetected (Wheeler et al., 2018), suggesting that more 
widespread and increased frequency of testing may be beneficial. Additionally, the NRVANZ for 
vitamin D throughout pregnancy is 5�Pg as per the general population. This value is based on research 
articles from 1978 and 2004 therefore does not account for recent advancements in understanding 
the role of vitamin D during pregnancy (Ministry of Health, 2006b).   
 
A longitudinal study of 80 pregnant, New Zealand-based women living at a latitude of 45�q identified 
vitamin D levels below 50nmol/L in 65% of the participants (Wheeler et al., 2018).  This study also 
noted that deficiency was frequent in women categorised as low-risk, suggesting current guidelines 
to screen only at-risk pregnant women may not be a sufficient (Wheeler et al., 2018). In a study of 259 
pregnant women living at a latitude of 36�q in New Zealand, 109 women had vitamin D levels below 
50nmol/L whilst 11 had levels below 25nmol/L (Ekeroma et al., 2015).  
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3.2 Introduction 
Traditionally, vitamin D has been recognised for its role in bone health (Pike & Christakos, 2017). The 
vitamin functions to maintain serum concentrations of calcium and phosphate by upregulating 
intestinal absorption and renal reabsorption of the two minerals (Pike & Christakos, 2017). Vitamin D 
may also stimulate resorption of these minerals from bone if necessary, as bone is a large mineral 
reservoir (Pike & Christakos, 2017). When vitamin D status is poor, and calcium and phosphate 
concentrations are low, PTH will stimulate remodelling of bone to increase serum concentration of 
the minerals (Pike & Christakos, 2017). Chronic vitamin D deficiency is therefore associated with 
weakened bone structure and more severely, bone diseases such as rickets in children and 
osteoporosis or osteomalacia in adults (Theodoratou et al., 2014).  
 
Tissues in the body that utilise vitamin D express VDR (Jablonski & Chaplin, 2018). Identification of 
VDR in tissues other than those involved in the skeletal system and calcium and phosphate 
homeostasis, has led to development of a large body of research surrounding extra-skeletal functions 
of this vitamin (Wei & Christakos, 2015). Much of this research has suggested that vitamin D may have 
a role in immune system functioning, and that implications of vitamin D deficiency may extend to risk 
of infectious diseases, autoimmune conditions and certain cancers (Wei & Christakos, 2015).  
 
New Zealand guidelines define vitamin D deficiency as serum 25(OH)D at 24nmol/L or below and 
define insufficiency as 49nmol/L or below (Ministry of Health and Cancer Society of New Zealand, 
2012). Clinical manifestations of deficiency include delayed growth, delayed standing and walking and 
frequent falling in children (Bordelon et al., 2009; Thacher & Clarke, 2011; van Schoor & Lips, 2018). 
In adults, it may present as bone pain, fractures and muscle weakness (Bordelon et al., 2009; Thacher 
& Clarke, 2011; van Schoor & Lips, 2018). Several New Zealand-based studies have reported on vitamin 
D insufficiency and deficiency in infants and toddlers. Camargo et al. reported 25(OH)D levels below 
25nmol/L in one out of every five of the 925 new-borns (Camargo et al., 2010). Houghton et al. 
identified 25(OH)D levels below 50nmol/L in 57% of the 12 to 22 month olds sampled in winter (n=55) 
(Houghton et al., 2010). Grant et al. reported that 25(OH)D levels below 27.5nmol/L were identified 
in 46 of the 353 six to 23 month olds (Grant et al., 2009). New Zealand-based studies have also 
assessed vitamin D levels in the pregnant population. Wheeler et al. reported that 25(OH)D levels 
below 50nmol/L were present in 65% of the 80 participants (Wheeler et al., 2018). Furthermore, 
Ekeroma et al. identified 25(OH)D levels below 50nmol/L in 109 of the 259 participants (Ekeroma et 
al., 2015). In a population of 2800 pregnant women from Australia and New Zealand, 25(OH)D levels 
below 50nmol/L were identified in 772 of the participants (Wilson et al., 2018).  
 
Risk factors for deficiency are largely related to sun exposure and ability to cutaneously synthesise 
vitamin D, given that UVR is the primary source (Nowson et al., 2012). Comparatively, New Zealand 
inhabitants are exposed to higher amounts of UVR secondary to ozone depletion and minimal air 
pollution (Pondicherry et al., 2018). Because of this, New Zealand has one of the highest rates of skin 
cancer internationally (Pondicherry et al., 2018). As a result, there is growing concern that strict sun 
protection messages double as a risk factor for vitamin D deficiency (Youl et al., 2009). Additional risk 
factors are ethnicity and darker skin colour, living at high latitude, season of weather and concealing 
clothing, typically those worn for cultural, religious or sun protection purposes (Ministry of Health and 
Cancer Society of New Zealand, 2012; Nowson et al., 2012). Lastly, those who are housebound, 
institutionalised or regularly spend large amounts of daylight hours inside are at greater risk of 
deficiency (Nowson et al., 2012).   
 
Pregnant women are at greater risk of vitamin D deficiency as maternal stores are relied on by the 
fetus for bone growth and development (Pludowski et al., 2013). Research has identified a possible 
association between maternal vitamin D deficiency and several complications of pregnancy including 
pre-eclampsia, GDM, PTB and birthing an infant who is SGA (Palacios et al., 2019).  
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Table 3.3 Knowledge of Vitamin D Function 

 2010 n (%) 2019 n (%) 
What are the roles of Vitamin D in the body? + 
Aids with the absorption of 
calcium 

160 (82.9) 81 (90) 

Vitamin D is an antioxidant 44 (22.8) 18 (20) 
Vitamin D is needed for bone 
development and 
mineralisation 

155 (80.3) 85 (94.4) 

Vitamin D aids with immune 
system function 

74 (38.3) 65 (72.2) 

Vitamin D is needed for blood 
clotting 

20 (10.4) 13 (14.4) 

Which of the disease states listed below are associated with low levels of vitamin D? + 
Breast Cancer 26 (13.7) 15 (16.7) 
Prostate Cancer 18 (9.5) 13 (14.4) 
Skin Cancer 21 (11.1) 12 (13.3) 
Type 1 Diabetes 14 (7.4) 17 (18.9) 
Inflammatory Bowel Disease 26 (13.7) 18 (20.0) 
Multiple Sclerosis 29 (15.3) 21 (23.3) 
Rheumatoid Arthritis 33 (17.4) 22 (24.2) 
Depression  99 (52.1) 66 (73.3) 
Renal Disease 22 (11.6) 11 (12.2) 
Gallstones 7 (3.7) 5 (5.6) 
Heart Disease 19 (10.0) 13 (14.4) 
Rickets 164 (86.3) 76 (84.4) 
Osteoporosis 156 (82.1) 77 (85.6) 

+ Multiple response set, participants able to select more than one answer. 
 
3.4.3 Knowledge and Attitudes Toward Sun Exposure 
A large proportion of the 2010 (78.5%) and the 2019 (73.3%) participants believed that skin cancer 
messages make it difficult to get messages about vitamin D across. When asked to identify the correct 
time period in which time should be spent in the sun during summer, the 2010 participants more 
commonly selected before 11am and after 4pm (64.8%) whereas the 2019 participants more 
commonly selected before 10am and after 2pm (68.9%). The proportion of participants who selected 
before 12pm and after 5pm increased from 1.1% in 2010 to 20% in 2019. A larger proportion of the 
2019 participants (78.9%) believed people with dark skin need to spend longer in the sun to synthesis 
adequate vitamin D compared to the 2010 participants (53.9%). With regards to sunlight exposure 
through a window, similar proportions of the 2010 and 2019 participants believed this was not safer 
than outdoor sun exposure (60.1% and 612.2% respectively). Furthermore, similar proportions 
indicated this method was not as effective as outdoor sun exposure in relation to vitamin D synthesis 
(47.2% and 52.2% in 2010 and 2019 respectively).  
 
In 2019, a larger proportion of participants believed that people living in the South Island of New 
Zealand were at more risk of deficiency in 2019 (72.2%) compared to 2010 (46.1%). In 2010, 73% of 
participants believed season affects the amount of time required in the sun to synthesise vitamin D. 
A further 81.3% believed that vitamin D status may drop below adequate levels in winter. The results 
were similar in the 2019 population with 87.8% believing the effect of season and a further 91.1% 
believing vitamin D status may drop during winter. Table 3.4 summarises these findings.  
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Table 3.4 Knowledge and Attitudes Toward Sun Exposure Guidelines 

 2010 n (%) 2019 n (%) 
Skin cancer messages make it difficult to get messages about vitamin D across 
True 150 (78.5) 66 (73.3) 
False 28 (14.7) 14 (15.6) 
Unsure 13 (6.8) 10 (11.1) 
During which times in summer should time be spent in the sun to allow synthesis of vitamin D? 
Before 11am and after 4pm 118 (64.8) 4 (4.4) 
Before 10am and after 2pm 44 (24.2) 62 (68.9) 
Before 12pm and after 5pm 2 (1.1) 18 (20.0) 
Unsure 18 (9.9)  6 (6.7) 
People with dark skin e.g. M��ori and Pacific Island people need to spend longer in the sun to 
synthesise adequate vitamin D 
True 104 (53.9) 71 (78.9) 
False 50 (25.9) 11 (12.2) 
Unsure 39 (20.2) 8 (8.9) 
Exposure to sunlight through a window is safer than outdoor sun exposure 
True 37 (19.2) 15 (16.7) 
False 116 (60.1) 56 (62.2) 
Unsure 40 (20.7) 19 (21.1) 
Exposure to sunlight through a window is just as effective as outdoor sun exposure in relation 
to vitamin D synthesis 
True 52 (26.9) 11 (12.2) 
False 91 (47.2) 47 (52.2) 
Unsure 50 (25.9) 32 (35.6) 
People living in the South Island of New Zealand are more at risk of vitamin D deficiency 
True 89 (46.1) 65 (72.2) 
False 64 (33.2) 7 (7.8) 
Unsure 40 (20.7) 18 (20.0) 
Season affects the amount of time needed in the sun to synthesise adequate vitamin D 
True 142 (73.6) 79 (87.8) 
False 27 (14.0) 6 (6.7) 
Unsure 24 (12.4) 5 (5.6) 
During winter vitamin D status may drop below adequate levels 
True 157 (81.3) 82 (91.1) 
False 12 (6.2) 1 (1.1) 
Unsure 24 (12.4) 7 (7.8) 
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Table 3.5 Awareness of Guidelines for Infants and Pregnant Women 

 2010 n (%) 2019 n (%) 
What advice should be given to a parent when discussing sun exposure for infants and toddlers 
in relation to vitamin D? + 
Sun protection measures (e.g. 
wearing a hat, wearing sun 
block, seeking shade) should 
be followed between 11am 
and 4pm 

165 (85.5) 86 (51.2)  

Only expose your baby 
through a window 

8 (4.1) 5 (5.6) 

Only expose your baby to sun 
while he/she is being 
exclusively breast fed 

5 (2.6) 1 (1.1) 

Excessive sun exposure can 
lead to increased risk of skin 
cancer 

 125 (64.8) 76 (84.4) 

None of the above 16 (8.3) 0 
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minutes (for dark skin) of direct sunlight per day before 11am and after 4pm 
True 111 (57.8) 41 (46.5) 
False 24 (12.5) 10 (11.1) 
Unsure 57 (29.7) 39 (43.3) 
During winter and spring, infant and toddlers should spend time outside in the sun to maintain 
adequate vitamin D levels 
True 166 (86.0) 80 (88.9) 
False 6 (3.1) 2 (2.2) 
Unsure 21 (10.9) 8 (8.9) 
Between October and March pregnant and lactating women are recommended to expose their 
face and arms to 5-20 minutes of sunshine per day 
True 107 (55.4) 47 (52.2) 
False 21 (10.9) 7 (7.8) 
Unsure 65 (33.7) 36 (40.0) 
Deliberate sun exposure during peak UV times is recommended for pregnant and lactating 
women 
True 17 (8.8) 5 (5.6) 
False 146 (75.6) 66 (73.3) 
Unsure 30 (15.5) 19 (21.2) 
Most pregnant women will achieve adequate vitamin D status in summer through incidental 
sun exposure outside peak UV times 
True 103 (53.4) 50 (55.6) 
False 41 (21.2) 19 (21.1) 
Unsure 49 (25.4) 21 (23.3) 
Is there enough information about vitamin D available for parents? 
Yes 9 (4.8) 5 (5.6) 
No 179 (95.2) 84 (94.4) 

+ Multiple response set, participants able to select more than one answer.  
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Table 3.6 Awareness of Supplements for Infants and Pregnant Women 

 2010 n (%) 2019 n (%) 
Are you aware of any Vitamin D supplements for infant and toddlers available in New Zealand? 
Yes 79 (41.6) 50 (55.6) 
No 111 (58.4) 40 (44.4) 
Do any of the multiple vitamin and mineral supplements designed for women to take during 
pregnancy contain vitamin D? 
Yes 73 (37.8) 36 (40.0) 
No 8 (4.1) 2 (2.2) 
Unsure 112 (58.0) 52 (57.8) 
What is the current recommendation regarding vitamin D supplementation in infants and 
toddlers? + 
All exclusively breastfed 
infants require vitamin D 
supplementation 

11 (5.8) 10 (11.1) 

All formula fed infants require 
vitamin D supplementation  

20 (10.5) 3 (3.3) 

Only infants and toddlers at 
risk of deficiency may require 
vitamin D supplementation 

109 (57.1) 72 (80.0) 

No New Zealand infants or 
toddlers require vitamin D 
supplementation 

 11 (5.8) 3 (3.3) 

Unsure 57 (29.8) 8 (8.9) 
+ Multiple response set, participants able to select more than one answer. 
 

Table 3.7 Knowledge of Risk Factors for Deficiency During Pregnancy and Infancy 

 2010 n (%) 2019 n (%) 
Which of the following are risk factors for vitamin D deficiency during pregnancy and lactation? 
Exclusion of dairy products 74 (39.6) 42 (47.7) 
Dark skin 92 (49.2) 79 (89.8) 
Being housebound 150 (80.2) 83 (94.3) 
Having multiple pregnancies 51 (27.3) 43 (48.9) 
Living in the South Island of 
New Zealand 

62 (33.2) 69 (78.4) 

Covering the skin for cultural 
or religious regions 

166 (88.8) 63 (94.3) 

Which of the following are risk factors for vitamin D deficiency during infancy and childhood? 
Dark skin 100 (54.1) 75 (84.3) 
Covering the skin 134 (72.4) 77 (86.5) 
Being born prematurely 84 (45.4)  57 (64.0) 
Gender 11 (5.9) 8 (9.0) 
Having a mother who is 
vitamin D deficient 

121 (65.4) 63 (70.8) 

Not being regularly exposed to 
sunlight 

165 (89.2) 87 (97.8) 

Exclusive breastfeeding 27 (14.6) 29 (32.9) 
Formula feeding 5 (2.7) 11 (12.4) 
Born high birthweight  4 (2.2) 9 (10.1) 

+ Multiple response set, participants able to select more than one answer.  
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3.5.4 Current Practices  
The most common advice that health professionals in the 2019 population indicated they would give 
if concerned about vitamin D deficiency in a pregnant woman, was to increase sun exposure (67.9%). 
In the 2010 population, the most commonly selected response to this question was I do not give advice 
on vitamin D deficiency (67.9%) followed by increased sun exposure (51.1%). In 2019, 21.8% reported 
not giving advice to pregnant women.  
 
The results for advice relating to vitamin D deficiency in an infant or toddler mirrored the results for 
in pregnant women. In 2010, the most common response was I do not give advice (52.5%) followed 
by increased sun exposure (51.4%). In 2019, the most common answer was increased sun exposure 
(62.4%). The proportion of participants who selected take a vitamin D supplement in response to this 
question increased between 2010 and 2019 for both pregnant women (18.9% and 61.5% in 2010 and 
2019 respectively) and infants and toddlers (9.3% and 38.8% in 2010 and 2019 respectively).  
 
Participants did not appear confident in recognising the signs of deficiency in infants and children as 
84.5% of the 2010 population selected no I do not feel confident followed by 85.6% of the 2019 
population.  
 
In 2010, 68.2% of participants were concerned that some of their patients may be vitamin D deficient; 
in the 2019 population, this proportion was slightly greater at 73.3%. When asked about the number 
of suspected cases, the most common response was zero in both populations (61.2% and 55.6% in 
2010 and 2019 respectively). In 2010, 12.2% of participants reported encountering over five cases 
compared to 17.8% in 2019. Number of cases was not significantly associated with profession. In 2010, 
5.2% of these cases were self-managed by the health professional compared to 17.2% referring on to 
a specialist or hospital. In 2019, 26.3% were self-managed compared to 55.3% being referred to a 
specialist.  
 
Information available to health professionals was deemed to be not enough by 81.2% of the 2010 
population and 74.4% of the 2019 population. These findings have been summarised in table 3.8.  
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It is possible that a common belief about sun exposure through a window for treatment of jaundice 
has created confusion surrounding the safety and efficacy of sun exposure through a window in 
general.  
 
Awareness of living in the South Island of New Zealand as a risk factor for vitamin D deficiency greatly 
improved between 2010 and 2019 with 46.1% correctly selecting true in 2010 compared to 72.2% in 
2019. The proportion of those who selected unsure remained similar, however, with 20% selecting 
this response option in both year groups. Both the Cancer Society Position Statement on Sun Exposure 
and the Consensus Statement highlight that individuals living in more southern regions of New 
Zealand are less likely to synthesise adequate vitamin D cutaneously. A possible reason for the 
increased awareness in 2019, may follow the 2018 release of a highly publicised research article by 
Wheeler et al. that highlighted prevalent vitamin D deficiency in southern New Zealand (Wheeler et 
al., 2018). This article received media coverage by the New Zealand Herald in 2018 (Author not listed, 
2018). Dix et al. reported similar findings to the 2019 population with 76% of participants selecting 
latitude of residence as a risk factor for deficiency.  
 
Knowledge of the effects of season on vitamin D status appeared good in both year groups. In 2010, 
73.6% believed season affected the length of sun exposure needed to synthesise adequate vitamin D. 
A further 81.3% believed that vitamin D levels may fall below adequate during winter. In 2019, 
proportions were similar (87.8% and 91.1% respectively). Dix et al. found similar results with 95% of 
participants agreeing that season affects the amount of UVR exposure needed to synthesise adequate 
vitamin D (Dix et al., 2017). Reeder et al. reported that 47% of participants selected supplements as a 
primary source of vitamin D in winter, a greater proportion than those who selected sunlight, 
suggesting that health professionals in this study were also aware of seasonal impact. Furthermore, 
Reeder et al. reported that 48% of participants selected relaxation of sun protection in winter as a 
preventative measure against vitamin D deficiency (Reeder et al., 2013). Bonevski et al. reported 
however, that 33.1% of participants recommended their patients used sun protection measures at all 
times during winter. This suggests there was confusion around the impact of season of vitamin D 
synthesis. Associations between season and vitamin D deficiency have been documented in the New 
Zealand population. Lucas et al. reported that 25(OH)D levels below 50nmol/L were identified in 56-
74% of the 1606 post-menopausal participants during winter, which was an increase from the 
proportion of participants identified as having suboptimal 25(OH)D levels in summer (28-58%) (Lucas 
et al., 2005). Wheeler et al. reported that season had an effect on risk of vitamin D deficiency, in 
combination with latitude, in a prospective surveillance study of New Zealand children (Wheeler et 
al., 2015). Additionally, findings from the 2008/09 New Zealand Adult Nutrition Survey highlight that 
vitamin D deficiency is more likely to occur in the cooler months of August to October (Ministry of 
Health, 2012). It is important therefore, that health professionals are aware of the seasonal impact on 
vitamin D status.  
 
3.5.4 Awareness of Sun Exposure Guidelines for Infants and Pregnant Women 
Both year groups in the present study had opposing strengths and weaknesses regarding advice about 
sun exposure in relation to vitamin D for infants and toddlers, as neither population were able to 
unanimously identify the two key advice points in the response set. In 2010, the more frequently 
selected response was sun protection measures should be followed between 11am and 4pm (85.5%). 
This was selected by 51.2% of participants in the 2019 population however, with the more frequent 
selection being excessive sun exposure can lead to increased risk of skin cancer (84.4%). This option 
was selected by 64.8% in the 2010 population. It is concerning that near half of the 2019 population 
may not advise use of sun protection measures when discussing sun exposure in relation to vitamin 
D. More so, it is concerning that this pattern has been observed despite the increase in sun exposure 
guideline availability following 2010.  
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This would suggest that an underwhelming proportion of health professionals had good knowledge of 
vitamin D and sun exposure guidelines. In 2010, 33.7% selected unsure in response to this 
recommendation compared to 40% in 2019. Uncertainty may be due to the lack of specificity 
regarding the time of day at which sun exposure is recommended. This question may therefore be an 
unfair representation of knowledge of safe sun exposure practices. In the following question, similar 
proportions of participants in 2010 (75.6%) and in 2019 (73.3%) disagreed that deliberate sun 
exposure during peak UVR times is recommended for pregnant and lactating women, suggesting that 
health professionals are aware of safe sun exposure practices for achieving vitamin D adequacy.   
 
Similar proportions of health professionals in both year groups believed that pregnant women would 
achieve adequate vitamin D status in summer through incidental sun exposure outside of peak UV 
hours. This proportion was close to half (53.4% in 2010 and 55.6% in 2019) suggesting that health 
professionals in this study may be uncertain about the length of time required to synthesise adequate 
vitamin D. The Food and Nutrition Guidelines highlight that incidental sun exposure in summer is 
sufficient (Ministry of Health, 2006a) suggesting that health professionals in the 2010 population were 
largely unaware of their current guidelines. The Companion Statement however does not report this, 
therefore uncertainty related to this statement in the 2019 population is reasonable. Given that there 
are many factors which impact cutaneous synthesis of vitamin D, such as skin colour, level of clothing 
and latitude, this statement may not be appropriate for achieving adequate vitamin D levels in 
pregnant women. This finding therefore appears to support results from section 3.5.3, which suggest 
health professionals have good knowledge of factors influencing cutaneous vitamin D synthesis and 
thus of risk factors for deficiency.    
 
In both year groups, participants near unanimously agreed that there was not enough information 
available to parents about vitamin D (95.2% and 94.4%). In 2013, fact sheets were published for 
parents and pregnant women by The Ministry of Health in several different languages that detailed 
sources of vitamin D, risk factors for deficiency and indicators for supplementation (Ministry of Health, 
2013b, 2013c). It is possible that health professionals in 2019 are unaware of this or do not believe it 
is adequate. As health professionals themselves are a source of information to parents, it is interesting 
that the belief of insufficient information being available to parents was so unanimous. To follow this 
up, health professionals were asked whether they felt there was enough information available to them 
regarding vitamin D. In 2010, 81.2% selected no and in 2019, 74.4% selected no. The slight decrease 
may reflect better publicity surrounding release of the new guidelines in 2012 (Ministry of Health and 
Cancer Society of New Zealand, 2012) however it is troubling that despite these specific guidelines, 
such a large proportion of health professionals in 2019 believed there is insufficient information 
available to them. Furthermore, this finding highlights that it is unreasonable to expect health 
professionals to provide adequate information to parents, if sufficient information is not available to 
the professionals themselves. This warrants further research into understanding how current clinical 
guidelines may not be meeting the needs of health professionals. These findings are supported by 
those of Bonevski et al. and Reeder at al. where majority of their participants reported that they would 
highly value clear guidelines pertaining to management of vitamin D status (Bonevski et al., 2012; 
Reeder et al., 2012). Furthermore, Bonevski et al. reported that clinical guidelines were a source of 
information for less than one third of the population (Bonevski et al., 2012). Both studies were 
conducted prior to the release of the Consensus Statement, however.  
 
3.5.5 Awareness of Supplements for Infants and Pregnant Women   
Many health professionals lacked awareness of vitamin D supplements available for infants. In 2010, 
58.4% reported being unaware and in 2019, 44.4% reported being unaware. Although awareness 
appears to have improved, it is of concern that the improvement was so slight given that PHARMAC 
opted to fund a vitamin D-only supplement for infants beginning in January of 2019 (PHARMAC, 2018).  
  



 46 

Prior to this, Vitadol-C, a vitamin D-containing multivitamin, was available to infants as per the 
PHARMAC schedule (PHARMAC, 2018). Similarly, when questioned about vitamin D-containing 
supplements for pregnant women, majority of participants in 2010 (58%) and 2019 (57.8%) were 
unsure. Given that there is no vitamin D supplement designed specifically for pregnant women as 
there is for infants, and that pregnant women are advised to seek information from their health 
professional regarding supplements, it is pertinent that health professionals are aware of the options. 
Overall, health professionals appear to lack knowledge of vitamin D supplement availability for infants 
and pregnant women. The Companion Statement outlines the suitability of Vitadol C for the infant 
population as this was the funded supplement at time of publication (Ministry of Health, 2013a). An 
update is warranted given this will be discontinued and replaced with Puria (PHARMAC, 2018). 
Multivitamin and mineral supplements designed for pregnancy are not discussed in the Companion 
Statement (Ministry of Health, 2013a) which may be a potential flaw given that health professionals 
in the present study appear to lack awareness of their vitamin D content. The document does however 
highlight that the vitamin D preparation used in the New Zealand general population is suitable for 
use in pregnancy (Ministry of Health, 2013a).  
 
With different levels of detail, supplementation guidelines available to the 2010 and 2019 populations 
suggest that only infants at risk of deficiency may require vitamin D supplementation. In 2010 and in 
2019, health professionals appeared to have good knowledge of the supplementation guidelines as 
the aforementioned recommendation was the most frequently selected response when asked about 
vitamin D supplementation guidelines for infants (57.1% and 80% in 2010 and 2019 respectively). A 
smaller proportion of participants in 2019 (8.9%) were unsure about the guideline compared to 2010 
(29.8%) suggesting that awareness of this guideline improved over time.  
 
3.5.6 Knowledge of Risk Factors for Deficiency During Pregnancy and Infancy 
Overall, health professionals in 2010 and in 2019 appeared to have relatively good knowledge of risk 
factors for deficiency in pregnancy, key improvements being in acknowledgement of dark skin and 
southern locality. In 2010, the most frequently selected risk factor was covering the skin (88.8%) 
whereas in 2019, it was being housebound (94.3%). Risk factors for deficiency in pregnant women as 
per the Consensus Statement include having dark skin, being housebound, living in the South Island 
and covering the skin for cultural or religious purposes. In 2019, each of these responses were selected 
by more than 80% of participants suggesting a good level of knowledge. Furthermore, selection of 
dark skin increased from 49.2% in 2010 to 89.8% and selection of living in the South Island increased 
from 33.2% in 2010 to 78.4% suggesting that awareness of risk factors improved over the intervening 
decade.  
 
Over one third of participants selected exclusion of dairy as a risk factor (39.6% and 47.7% in 2010 and 
2019 respectively). Dairy is a source of naturally occurring vitamin D however provision of adequate 
vitamin D required to meet dietary requirements is largely dependent on food fortification (Itkonen 
et al., 2018), a practice that is voluntary in New Zealand (Food Standards Australia New Zealand, 2017). 
When sun exposure is adequate, exclusion of dairy products will not impact vitamin D status 
negatively (Ministry of Health and Cancer Society of New Zealand, 2012). It is important that health 
professionals are aware of this as to not place undue emphasis on the vitamin D content of dairy 
products before other interventions.    
 
Health professionals appeared less aware of risk factors for deficiency in the infant population. As with 
previous sections, health professionals had better knowledge of dark skin as a risk factor in 2019 
(84.3%) compared to 2010 (54.1%). In both year groups, participants appeared to have good 
knowledge of covering the skin (72.4% in 2010 and 86.5% in 2019) and irregular sun exposure as risk 
factors (89.2% in 2010 and 97.8% in 2019).  
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B.1 Massey University Human Ethics Committee Low Risk Standing  
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3. Local Involvement 
a) Does your research require the involvement of a local or regional Plunket team? _ Yes   /   No  

b) If yes, where? An invitation to complete this questionnaire extends to health care staff from 

all Plunket teams nation-wide ___________________________________________________  

c) Is the local or regional Plunket team aware of your research? _________________ Yes   /   No 

d) If yes, who have you been in contact with?  _________________________________________  

4. Reporting of results 
a) What are the expected outputs of the research?  Please include proposed publications. 

The results will be presented in a thesis as required by the Master of Science Nutrition 
and Dietetics program at Massey University, Auckland. This research is being conducted 
by student Dietitian Alex Thomson (a.thomson1@massey.ac.nz) under the supervision of 
Dr Pam von Hurst (p.r.vonhurst@massey.ac.nz) and Dr Cath Conlon 
(c.conlon@massey.ac.nz). This concludes the research team. The findings may be 
written up for publication in an academic journal if appropriate.    
 

 
b) Will the results be provided to participants? 

Yes. Questionnaire respondents are given the option of listing their email address if they 
would like to receive an analysis of the results. 
 
 

 
5. Ethics  
a) Do you have ethics approval from a HDEC accredited New Zealand ethics committee? Yes   /   

No 

b) If no, will you be seeking ethics approval from an HDEC accredited ethics committee? Yes   /   

No 

c) If no, please explain 

 
 

 
6. Funding 
How will the research be funded? No funding is required for this study.  

 
Are the proposed sources of funding likely to introduce any conflicts of interest for Plunket? 
(If unsure please put yes) Yes   /   No 
 
If yes, please explain potential conflicts and how these may be mitigated.  
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7. Accompanying documents 
Please attach the following to this application: 
 
�x Your research proposal  

 
AND/OR  
 

�x A copy of the consent form. 
�x A copy of the information to be given to participants. 
�x A copy of any questions participants will be asked (questionnaires, interview or focus group 

questions). 
�x  

AND 
 

�x A copy of your ethics approval (if applicable)  

 
8. Signature 
All the information included above and in the attached documents is true and correct. 
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Appendix C. Additional Documents  
 
C.1 Email and Facebook Group Invitation Template 
 
Hi there, 
 
I am a student Dietitian at Massey University in Auckland. 
 
I am currently completing my thesis which looks into what New Zealand-based Health Professionals 
are recommending about Vitamin D during pregnancy and infancy.  
 
I would be extremely grateful to have input from (insert relevant health 
profession/organisation/Facebook group).  
 
If you would like to be involved in this exciting research project, please follow this link and complete 
the 5-10 minute questionnaire: https://www.surveymonkey.com/r/M89VZTQ 
 
Please feel free to forward this invitation to any of your colleagues. I would love to hear from Health 
Professionals all around the country! 
 
If you are experiencing any difficulties with accessing this link, or have any questions about this 
research, please send your enquiries to me at a.thomson1@massey.ac.nz.  
 
Thank you in advance for any input you are able to provide - I know you will all be rushed off your 
feet with very busy schedules. 
 
Warm regards, 
 
Alex Thomson 
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C.3 Blank Questionnaire  
  



 76 

 
 
  


























	Abstract
	Acknowledgments

