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Abstract 

Background 

There is growing interest in vitamin D as an immune modulator and the role of vitamin D in respiratory 

illnesses is increasingly being recognised. Respiratory tract infections are a prevalent cause of hospital 

admission in the preschool-aged population; particularly in the first year of life. In order to try to reduce 

the ARI disease burden, it is necessary to understand the contribution of different risk factors acting at 

different phases of a child’s life. One risk factor that is of particular interest for this thesis is vitamin D 

status at birth. 

Aim 

My aim was to investigate the association between 25-hydroxyvitamin D (25[OH]D) status at birth and 

hospital admission with an acute respiratory tract infection in the first year of life. Two validation studies 

were also undertaken that allowed us to develop a dried blood spot liquid chromatography tandem mass 

spectrometry assay in a NZ laboratory and determine whether the developed assay was robust enough 

to measure 25(OH)D concentrations on dried blood spot samples stored for more than 5 years. 

Methods 

I performed a case-control study nested within Growing Up in New Zealand; a longitudinal study that is 

following 6853 children since their birth in 2009-2010. All the Growing Up in New Zealand cohort children 

hospitalised due to acute respiratory tract infections (ARI) in their first year of life were identified from 

linkage to the national collection of hospital events (the national minimum dataset (NMDS)). As part of 

the National Newborn Screening programme, 4 drops of blood were collected onto absorbent cards called 

dried blood spot cards (DBS). The DBS samples of respiratory cases (children in the cohort admitted with 

an ARI) and controls (cohort children matched with date of birth ± 7 days and not hospitalised with an 

ARI) were tested for 25(OH)D concentration. Data collected during the antenatal period, birth and during 

infancy (9 months and immunisation register) were used to identify predictors of ARI in the first year of 

life. The dried blood spot 25(OH)D concentrations were categorised as deficient (<50 nmol/L) or sufficient 

(≥50nmol/L) and the independence of association of vitamin D deficiency at birth as a risk factor for ARI 

hospitalisation was determined using conditional regression models. 

Results 

Three-hundred and eighty-four (6%) of the cohort children were hospitalised with an ARI in their first year 

of life. After adjustment for factors acting across the life course, the odds of ARI hospital admission were 

increased for children who were vitamin D deficient at birth (OR= 2.04 95% CI 1.52-2.74). 

Other factors independently associated with the risk of ARI in the first year of life and listed in their 

proximity to the child were: male gender (OR=1.62 95% CI 1.12 - 2.35), Pacific (OR=3.42 95% CI 1.98 - 

5.91) or Maori ethnicity (OR=2.08 95% CI 1.31 - 3.32), being a second or subsequent child (OR=1.63 

95% CI 1.09 - 2.44) or living in areas of medium (OR=2.38 95% CI 1.38 - 4.09) -to-high deprivation 

(OR=3.10 95% CI 1.87 - 5.12); having a mother with no partner during pregnancy (OR=2.80 95% CI 1.24 
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- 6.33), or who took no iron, folic acid supplements either during the first 3 months of pregnancy (OR=1.70 

95% CI 1.13 - 2.56) or since the first 3 months of pregnancy (OR=1.78 95% CI 1.24 - 2.55), or who took 

no multivitamin supplements during pregnancy or 3 months pre-pregnancy (OR=1.95 95% CI 1.60 - 4.52), 

who spent on average <1 hour/day outdoors during pregnancy (OR=2.11 95% CI 1.13 - 3.92); or having 

a birthweight <2500g (OR=2.59 95% CI 1.70 - 3.91) or gestational age <37 weeks (OR=1.77 95% CI 0.87 

- 3.63), living with >3 people/bedroom (OR=1.84 95% CI 1.08 - 3.17) , living in a damp house (OR=1.54 

95% CI 0.83 - 2.89), sleeping in rooms with heavy condensation (OR=1.80 95% CI 1.10 - 2.97), did not 

receive immunisations on time (OR=1.43 95% CI 0.89 - 2.27), and who spent on average <1 hour/day 

outdoors during infancy (OR=1.68 95% CI 1.09 - 2.77). 

Conclusion 
Children who are born with vitamin D deficiency (25(OH)D<50 nmol/L) are twice as likely as children who 

are vitamin D sufficient at birth to be hospitalised with an ARI during infancy. Prevention of vitamin D 

deficiency during pregnancy and infancy has the potential to reduce the burden of severe ARI during 

infancy. 
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Chapter 1: Introduction 

In this thesis, I present the original research undertaken during my PhD candidature (2012-2016). My 

PhD project is somewhat like a “jigsaw” puzzle. It is known that in New Zealand (NZ) newborn vitamin D 

status is poor and rates of hospitalisation from acute respiratory tract infections (ARI) specifically in the 

first year of life are high. These ARI hospitalisation rates are higher than contemporary rates reported 

from the USA and Australia. Within NZ ARI hospitalisation rates are particularly high for Maori and Pacific 

infants. One of the pieces of the jigsaw puzzle is “vitamin D status at birth” and the other piece is “acute 

respiratory tract infections in the first year of life”. My task was to investigate and see whether these two 

pieces fit together; that is whether there is association between vitamin D status at birth and ARI 

hospitalisation in the first year of life.  

An in-depth review of the literature is presented in chapters 2 to 6 (Figure below). A brief but relevant 

introduction is provided on vitamin D in chapter 2. It was important to discuss the immunomodulatory role 

of vitamin D; in particular its role in respiratory tract infections. These together with the development of 

the foetal immune system and its relevance to vitamin D status during pregnancy and birth are discussed 

in chapter 3. In Chapter 4 of the thesis, I present my systematic review and meta-analysis of 95 

publications identified through searches of relevant databases that reported on vitamin status in maternal 

and newborn populations. From some fairly intensive work utilising the data presented in these 

publications, I was able to determine mean serum 25(OH)D concentrations and vitamin D deficiency 

prevalence in the six WHO regions in these two population subgroups. A comparable attempt was made 

to describe global ARI hospitalisation rates in the first year of life and summarise these by WHO region 

and this is presented in Chapter 5. This work was challenging, in that, there are significant gaps in the 

literature for this age group. Frequently findings on ARI hospitalisation rates were reported for the <5 

years age group and not specifically for the ≤1 year olds (only 21 publications were identified in this age 

group). The rates of ARI admission during infancy in the six WHO regions are discussed in chapter 5 and 

the temporal regional trends for ARI admission are compared in three time intervals (1973-1980, 1991-

2000 and 2001-2011). The published literature describing the risk factors for ARI hospitalisation are 

discussed in chapter 6 and through a meta-analysis, I was able to show which risk factors were more 

important for each WHO region. Through this exercise and the extensive search of literature, I gained 

confidence and the decision to include “which risk factors” in my univariate and multivariate models 

became apparent after I completed chapter 6 of the literature review. 
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Chapter 7 of my thesis describes the Growing Up in New Zealand cohort study and how my PhD project 

fits within this cohort. It is important to understand that the Growing Up in New Zealand cohort is broadly 

generalizable to the New Zealand population and thus the findings from my case-control study are likely 

to be population generalizable to ARI hospitalisations in New Zealand during infancy. The two validation 

studies are discussed in Chapter 8. The first validation study describes the process of developing and 

validation of the liquid chromatography tandem mass spectrometry assay for measurement of 25(OH)D 

on dried blood spot samples. The second validation study tests the robustness of this newly developed 

assay for measuring 25(OH)D concentrations of archived dried blood spot samples. Chapter 9 describes 

the work that was undertaken to test the main hypothesis of my project, that vitamin D deficiency at birth 

increases the risk ARI hospitalisation in the first year of life. Chapter 10 is the conclusion chapter that 

describes the research finding implications and recommendations for policy development and future 

research. 
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Chapter 2: Literature Review – Part 1 

 

 

  



 

4 

2.1 Introduction 

There is a growing body of evidence that poor vitamin D status at birth may increase the risk of diseases 

later in childhood or in adulthood (1). The purpose of this introductory chapter is to provide general 

information about vitamin D relevant to the subsequent chapters of my thesis, particularly on the role that 

vitamin D plays as a modulator of the immune system, whether vitamin D deficiency and severe deficiency 

is prevalent in maternal and new-born populations worldwide and whether low vitamin D levels at birth 

poses a risk for acute respiratory tract infection (ARI) hospitalisations in infants in their first year of life. 

The aims of this section are to: 

1. Provide a brief description of vitamin D acquisition, synthesis and metabolism 

2. Review the use of vitamin D metabolites to define vitamin D status 

3. Describe the types of samples that can be used to define vitamin D status in infants 

2.2 Is vitamin D a vitamin or a hormone? 

By definition, a vitamin cannot be synthesized in the body and is obtained from the diet. However, as 

vitamin D can be synthesised by exposure of the skin to sunlight, it seems to defy this definition.  

Vitamin D has been variously described as a ‘prohormone’, ‘the sunshine vitamin’, ‘the fat soluble vitamin’ 

and the ‘steroid hormone’ (2). In the 1930’s the chemical structure of vitamin D was determined. The 

structure closely allied to that of steroid hormones such as estradiol, cortisol and aldosterone, in that they 

all share the common root ring structure called ‘cyclopentalphenanthrene’ (3) (Figure 2.1).  

Figure 2.1: The characteristic tetracyclic skeleton of cyclopentalphenanthrene that all steroids possess 
or from which they are derived. Carbons in the ring are numbered as shown. 

 

2.3 Major forms of vitamin D 

Two major forms of vitamin D have been identified: vitamin D3 (cholecalciferol) and vitamin D2 

(ergocalciferol). Only vitamin D3 can be made through sunlight exposure. Vitamin D3 can also be ingested, 

as it is present in a limited number of foods such as oily fish and liver (4). In contrast, vitamin D2 is the 

plant derived form of the vitamin D, synthesised naturally or artificially by irradiation of plant ergosterol 

and enters the circulation through the diet (5). 
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2.4 Sunlight and vitamin D3 production 

Vitamin D3 can be generated by a sunlight catalysed biosynthesis pathway that begins in the skin. The 

cells of the skin epidermis contain a cholesterol component: 7-dehydrocholesterol (7-DHC) (6). The high 

energy ultraviolet blue (UVB) radiation from the sun (wavelengths, 270-300nm) is absorbed by the 

epidermal and dermal cells (7). As a result, a carbon-carbon bond between carbon 9 and 10 splits in the 

cyclopentalphenanthrene ring, leading to the production of pre-vitamin D3 (8) (Figure 2.2). Due to the 

breakage of this bond, vitamin D is also referred to as a “secosteriod”.  

Pre-vitamin D3 is then rapidly converted to vitamin D3. The formation of vitamin D3 from pre-vitamin D3 is 

followed by a spontaneous, thermally dependent structural change of pre-vitamin D3 from “cis” to “trans” 

isomer (Figure 2.2). The process involving the structural change is referred to as “isomerisation”. The 

thermal isomerisation process can take between 3 to 24 hours after which vitamin D3 is released from the 

skin into the circulation (9). 

Figure 2.2: Production of vitamin D3 by the action of ultraviolet light on the skin. 

 

2.5 Vitamin D metabolism 

The pre-vitamin D3 that is released from the skin into the circulation, enters the liver. Together with this 

skin derived pre-vitamin D3, any other forms of vitamin D (D2 or D3) obtained from dietary sources such 

as food or supplementation enter the liver and undergo metabolism. Both vitamin D2 and D3 share similar 

subsequent metabolism pathways. Metabolism of vitamin D involves two hydroxylation processes 

7-dehydrocholesterol (7DHC) 

Pre-vitamin D 

-cis 

-trans 

Vitamin D3 

Skin 

Skin cells 
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whereby a hydroxyl group (-OH) is added to vitamin D molecule and as a result, changes its structure 

and reactivity (10). 

The first hydroxylation process occurs in the liver specifically in the hepatic parenchymal cells (11). This 

hydroxylation process converts vitamin D to 25-hydroxyvitamin D (25(OH)D) (Figure 2.3). The formation 

of 25(OH)D is catalysed by the enzyme 25-hydroxylase encoded by cytochrome P450 isoforms (CY27A1, 

CYP2R1, CYP3A4 or CYP2J3) (11). The hydroxylation position on vitamin D is specific and it occurs at 

the 25th carbon on the vitamin D molecule.  

The second hydroxylation process converts the 25(OH)D to the active form 1,25-dihydroxyvitamin D 

[1,25(OH)2D] (11). This second process is catalysed by enzyme 1-α-hydroxylase which is encoded by 

gene CYP27B1 (12). Originally, this second hydroxylation process was shown to occur in the kidney, but 

it is now recognised that this process of converting 25(OH)D to the active 1,25(OH)2D occurs in many 

more tissues and organs. These tissues and organs have vitamin D receptors (VDRs) and the enzymatic 

machinery (the hydroxylase enzymes) to complete this hydroxylation process. The VDRs and 

hydroxylase enzymes are expressed in a wide range of human tissues including cells in the immune 

system, lung, pancreatic β cells, the heart, skin, gonad, colon, muscle, prostate, breast, brain and 

placenta (11, 13-18). 

A vitamin D deactivation mechanism allows for excess vitamin D to be removed from the body (Figure 

2.3). This pathway deactivates both 25(OH)D and 1,25(OH)2D to 24,25-dihydroxyvitamin D 

(24,25(OH)2D) and 1,24,25-trihydroxyvitamin D respectively (11, 12). This reaction is facilitated by the 

enzyme 24-hydroxylase and encoded by gene CYP24A1.  

2.6 Indicators of vitamin D status 

There are two major metabolites of vitamin D: (1) the circulating and storage form- 25(OH)D and the 

active form- 1,25(OH)2D. The most widely used indicator of vitamin D status is 25(OH)D in either serum 

or plasma (19). 

Serum 25(OH)D concentration provides a reliable measure of vitamin D status for three main reasons: 

(1) 25(OH)D is the main form of vitamin D in circulation and storage, (2) 25(OH)D has a long half-life, and 

(3) 25(OH)D concentration reflects body vitamin D status more closely than does 1,25(OH)2D 

concentration.  

The concentration of 25(OH)D (main circulating form) in circulation is 1000-fold higher compared to the 

concentration of the most bioactive form 1,25(OH)2D (8). Adipose tissue and muscle are the major storage 

sites of vitamin D and 25(OH)D is the major storage form of vitamin D in these tissues (20). The serum 

half-life of 1,25(OH)2D has been shown to be approximately 4 hours (21) and that of 25(OH)D to be 12-

27 days (22) or approximately 3 weeks (23). Serum 25(OH)D concentration is less tightly regulated than 

serum 1,25(OH)2D concentration and thus more closely reflects body vitamin D content (11, 17). 
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Figure 2.3: Metabolic pathway of vitamin D and its metabolites. 

 

2.7 Samples used to assess vitamin D status 

Since a focus of the thesis is investigation of 25(OH)D concentrations in the first year of life, discussion 

will be limited to samples collected from infants. 

Vitamin D status at birth or in the immediate perinatal period have been measured on cord blood samples, 

blood plasma or serum samples and on dried blood spot samples (DBS) collected onto absorbent cards 

usually as a component of Newborn Screening Programmes. 

2.7.1 Blood serum or cord blood samples 

The measurement of 25(OH)D concentrations at birth using cord blood is well established (24-117). 

Samples are collected from the umbilical vein during delivery and are the preferred biological specimens 

for measuring circulating 25(OH)D concentration at birth. Peripheral venous blood samples have been 

obtained from infants for measurement of 25(OH)D concentration shortly after birth in a limited number 

of studies (88, 98). 
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2.7.2 Dried blood spot (DBS) 

Because DBS are routinely collected from newborns as a component of screening, there is growing 

interest in the use of these samples for determination of newborn vitamin D status. DBS provide the 

opportunity for measurement of vitamin D status at birth without the need for an additional blood sample 

collection. Assays have been developed and validated in Australia which allows for 25(OH)D 

concentration to be measured by Liquid Chromatography Tandem Mass Spectrometry (LC-MS/MS) 

assays on 3 mm spots obtained from DBS (118, 119). The method has also been validated in adults (120, 

121). In the two Australian studies, 25(OH)D measurement on DBS and cord blood samples collected 

from the same child were highly correlated (r=0.73 and 0.85 respectively) (118, 119). 

2.8 Summary 

Vitamin D3 is unique in that it can be synthesised in the body through exposure to the sun. Vitamin D 

obtained either though sun exposure or through dietary intake undergoes two hydroxylation reactions 

whereby vitamin D is converted to the active form: 1,25(OH)2D. Even though 1,25(OH)2D is the active 

form of vitamin D, 25(OH)D concentration is the accepted indicator of vitamin D status. This is because 

25(OH)D has a longer half-life in serum, is the dominant storage form and is not under strict hormonal 

control compared to metabolite 1,25(OH)2D. Cord blood samples are the established method for 

assessing newborn vitamin D status but there is increasing use of DBS as an alternate measure of vitamin 

D due to less invasive nature of sample collection and requirement of smaller sample volume.  
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Chapter 3: Literature Review – Part 2 

 

Vitamin D and the immune system 
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3.1 Introduction 

Epidemiological studies on maternal and newborn populations that I present in chapter 4 draw attention 

to the high prevalence of vitamin D deficiency in the six WHO global regions. In chapter 6, I present the 

literature which shows that low vitamin D levels are associated with an increased risk of acute respiratory 

tract infections (ARIs) in the first year of life. This association of vitamin D status with risk of ARI suggests 

that functions of vitamin D extends beyond its well established role in calcium homeostasis and bone 

health. One area of potential importance is the prevention of ARIs in early childhood by the immune 

modulating effects of vitamin D. This chapter describes how vitamin D has been shown to influence the 

function of cells of the immune system. 

The aims of this chapter are to: 

1. Discuss the role of vitamin D as a modulator of immune function. 

2. Describe how and when foetal immune function develops in utero. 

3. Explain how vitamin D influences foetal immune development. 

3.2 The immune system 

The immune system’s primary function is to eliminate foreign agents including infectious agents from the 

body and while doing so minimise the damage these agents cause to the body (122).  

The immune system has two functional divisions: innate and adaptive immunity (Figure 3.1). Innate 

immunity is referred to as “non-specific” immunity. It is the first line of defence. Innate immune responses 

are rapid and non-specific when exposed to a pathogen (123). Adaptive immunity is referred to as 

“specific or acquired” immunity. The defence provided by the adaptive immune system is slow to develop 

and complex, but highly specific. The antigen must be first processed and recognised. Once the antigen 

is processed, the adaptive immune system creates a team of immune cells that are specifically designed 

to attack that antigen. Adaptive immune system also includes a “memory” that makes future responses 

against a specific antigen more efficient (124). Recent development in this field suggests that innate 

immune cells may have non-specific immunological memory which confers protection against secondary 

infections (344-346). This newly discovered response capacity of the innate immune cells is referred to 

as “trained immunity”. It has been shown that the innate immune cells, for example monocytes and 

macrophages (345) and natural killer cells (346, 347) are able to protect against secondary infections 

from Candida Albicans / β-glycans and cytomegalovirus through epigenetic reprogramming and activation 

of enhanced immune responses. 

The innate and adaptive immune systems do not work in isolation but are interrelated. The two arms of 

the immune system are integrated by several classes of immune cells. This integration is shown by the 

functions of several classes of immune cells such as natural killer cells and dendritic cells and by 

cytokines secreted by these cells and other immune cells. 
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Examples of integration between the two arms of the immune system include:  

1. The capacity of neutrophils (innate immune system) to kill bacteria is enhanced when bacteria 

are opsonised with antibodies produced through the coordinated action of T and B cells (adaptive 

immune system). 

2. The c3d fragment that is generated through the activation of the complement cascade (innate) 

acts as a molecular adjuvant to influence the subsequent immune response. Specifically c3d 

fragments act to bridge innate and adaptive immunity. Covalent binding of single or multiple 

copies of c3d to a foreign antigen generally enhances B cell effector and memory function 

(adaptive) (125). 

3. Antigen presenting cells of the innate system (dendritic cells) present antigens to T cells and the 

manner in which they do this results in differing T-cell responses to these antigens (126). 

3.3 What happens during an infection by a pathogen? 

The mechanism by which the immune system responds to an infection depends on the integrated 

response of elements of the innate and adaptive immunity (127). 

All invading pathogens carry a microbial pattern called pathogen associated molecular patterns on their 

surface. Examples of such molecular patterns are: lipopolysaccharide from the gram negative bacterial 

cell wall, peptidoglycan from gram positive bacterial cells and glycans from fungal cell walls. These 

molecular patterns on the pathogens are recognised by receptors on the immune cells called ‘toll-like 

receptors’ (TLR) (128). There are various kinds of TLRs that recognise and respond to different 

pathogens: examples include TLR2 which responds to gram positive bacteria, TLR4 that responds to 

gram negative bacteria and TLR3 that responds to double stranded RNA associated with viral infections 

(129). 

The innate system relies on TLRs to detect invading pathogens. Within minutes of exposure, the innate 

immune system starts generating an immune response. The activation of this immune system response 

is triggered by the interaction between molecular associated patterns on the antigen and TLRs on immune 

cell surface. Upon infection, antigen presenting cells of the innate immune system such as macrophages 

and dendritic cells express TLRs on their surface and these bond with the molecular associated patterns 

on the antigen (128). 

An important consequence of TLR signalling is the activation of dendritic cell precursors and immature 

dendritic cells, which leads to dendritic cell maturation and cytokine production. This subsequently leads 

to T cell activation in the adaptive immune system (130). 

3.4 Vitamin D and the immune system 

Vitamin D activity requires vitamin D receptors (VDRs) and vitamin D activating enzymes. The presence 

of VDRs as well as of vitamin D activating enzymes has been shown in cells other than those involved in 

calcium and bone homeostasis (131). Initially it was thought that VDRs were only located in a small 

number of organs; the intestine, kidney and bone. Vitamin D receptors have now been shown to be 

present in a variety of other tissues and cells including the brain, eyes, heart, pancreatic islets (β cells), 
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adipose tissue, thyroid, parathyroid and adrenal glands, muscle and specific cells of the immune system 

(132, 133). 

Vitamin D exerts its biological activity by binding to VDRs. The VDRs are principally located in the nuclei 

of target cells (134). VDR is a ligand-dependent transcription factor belonging to the superfamily of 

steroid/thyroid hormone receptors (135). Upon activation by vitamin D, the VDR binds to a retinoid-X-

receptor and forms a heterodimer. The heterodimer complex in turn activates the vitamin D response 

element within target genes which leads to the transcription and expression of specific gene products 

(136). 

In addition to the presence of VDRs in the immune cells, vitamin D activating enzymes are also required. 

Vitamin D activating enzymes are isoforms of the cytochrome P450 (CYP) and the two most common 

isoforms are CYP27A1 and CYP27B1.  CYP27A1 is commonly known as sterol-27- hydroxylase and 

encodes for the enzyme 25-hydroxylase. The enzyme 25-hydroxylase assists in the conversion of vitamin 

D to 25(OH)D. CYP27B1 is referred to as “cytochrome P450 family 27 subfamily B member 1”. 

The CYP27B1 gene codes for an enzyme called 1-alpha-hydroxylase (1α-hydroxylase). This enzyme 

carries out the final reaction to convert vitamin D to its active form, 1,25-dihydroxyvitamin D. 

In the 1980s the presence of VDRs and hydroxylase enzymes was demonstrated in various classes of 

immune cells, including CD4+ and CD8+ activated T cells, B cells, neutrophils, and antigen presenting 

cells, such as macrophages and dendritic cells (137-139). Vitamin D has been shown to influence cells 

of both adaptive and innate immune systems (Figure 3.1). The direct influence of vitamin D on T-regulator 

cells (Treg) and antigen presenting dendritic cells have been emphasized (140). 

Vitamin D promotes an antimicrobial environment via induction of antimicrobial peptides such as 

cathelicidin and β2-defensin in epithelial cells, macrophages and monocytes (Figure 3.1). A strong link 

has been established between vitamin D, cathelicidin and innate immunity (141). Cathelicidin has been 

identified as a vitamin D, CYP27B1 and VDR target gene. The cathelicidin family members found in 

humans are hCAP18 and LL37 (142). A single human gene encodes a precursor protein called hCAP18, 

which is cleaved to release LL37 (142). Further processing in the skin can occur to release shorter 

peptides. Cathelicidin signaling is chemotactic and results in chemokine and cytokine production by 

several cell types including neutrophils, monocytes and T cells (143). In addition to its signaling 

transduction properties, the LL37 form of CAMP is attracted to phospholipid head groups of capsular 

polysaccharides on membrane surfaces, ultimately leading to disruption of the pathogen’s membrane 

integrity (143). Similar to cathelicidin, β2-defensins are antimicrobial peptides implicated in resistance of 

epithelial surface to microbial colonization (144). 

In conjunction with the induction of cathelicidin, vitamin D down regulates the costimulatory molecules 

the human leukocyte antigen (HLA-DR), CD86, CD80, and the maturation marker CD83 (145). The HLA-

DR is a gene encoding for the major histocompatibility complex proteins in humans (146). CD86 is a 

cluster of differentiation 86 protein expressed on antigen presenting cells that provide co-stimulatory 

signals necessary for T-cell activation and survival. CD83 has been known to be one of the best markers 

for mature dendritic cells (DCs) and is recognized for its essential role in the generation of CD4+ T-cells 

(145). CD80 and CD86 have identical roles in the activation of T-cells. The down-regulation of the four 
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co-stimulatory molecules (HLA-DR, CD86, CD80, and CD83) in the dendritic cells by vitamin D leads to 

the inhibition of T-helper type 1 (TH1) which reduces the production of cytokine (Interluekin 12 [IL-12]) in 

the dendritic cells (147). The cytokine IL-12 is responsible for activation of helper T-cell Type 1 (TH1) 

(140). 

Figure 3.1: Effects of vitamin D on cells of the innate and adaptive immune response. Adapted from 
Chambers & Hawrylowicz, 2011 (140). 

  

Vitamin D also induces expression of inhibitory ligands such as immunoglobin-like transcript 3 (ILT3) and 

programmed cell-death 1 ligand (PD-L1) and the anti-inflammatory cytokine IL-10 (140). Interleukin-

10 (IL-10), also known as human cytokine synthesis inhibitory factor (CSIF), is an anti-inflammatory 

cytokine (148). 

Dendritic cells produce immunological tolerance and promote FoxP3+ and IL-10+ regulatory T cells 

(Tregs) (149). Vitamin D also acts directly on T-cells to promote FoxP3+ and IL-10+ Tregs secretion of 

the immunomodulatory cytokines IL-10 and transforming growth factor (TGF)-β and up regulation of the 

inhibitory molecule cytotoxic T-lymphocyte antigen (150). These Tregs subsequently inhibit innate and 

adaptive immune responses by down-regulating pro-inflammatory cytokines, upregulating IL-10 and 

TGF-β, and via effects on a range of cell types, including antigen presenting cells and T cells (151). 

Innate  Vitamin D Adaptive 

Macrophages 

Epithelium 

Cathelicidin 

Β2-defensin 

Cathelicidin 

Β2-defensin 

Monocyte 

Cathelicidin 

TLR2 and TLR4 

Autophagy 

Dendritic cell 

CD80, CD83, CD86, HLA-DR 

ILT3, PD-L1 

IL-10 

IL-12 

IL-10+ Tregs 

CD25+ FoxP3+ Tregs 

TGF- β and IL-10 

CTLA-4 

din

d TLR4

gy

T cells 

IFN-ɣ, IL-17, IL-4a 
TGF-β and IL-10 
Proliferation  

B cells 

Iga 

IL-10 

R

L-10+ Tregs

CD25+ FoxP3+ Tregs

TGF- β and IL-10

CTLA-4

I



 

14 

3.5 Development of the foetal immune system (Figure 3.2) 

The immune system begins developing in the growing fetus as early as 3 weeks gestation. Development 

begins with the production of hematopoietic stem cells in the yolk sac and ethyroid and granulo-

macrophage progenitors are detected at around 3-4 weeks of gestation (152). These macrophage 

progenitors give rise to other cell types and are detected as blood islands. 

Around 4 weeks of gestation, thymic rudiments are detected which later form into the thymus (153). A 

major population of hematopoietic stem cells can be detected at an area in the embryo at 5 weeks 

gestation. This area in the embryo is where the foetal liver (endothelium of the dorsal aorta) later develops 

(152). The liver plays an important role in the development of the immune system. Lymphocyte 

progenitors appear in the foetal liver at the 7th to 8th week of pregnancy (153). At this point the foetal liver 

becomes the primary site for haematopoiesis until approximately week 22 when haematopoiesis shifts to 

the bone marrow. However, the bone marrow does not receive hematopoietic stem cells from the foetal 

liver but rather pluripotent subpopulations of cells develop independently in the bone marrow (154). 

By 7 to 8 weeks of gestation, T-cell precursors start forming in the thymus (155). T lymphopoiesis starts 

before formation of the thymus is complete. The foetal liver is the initial site of T cell lymphopoiesis as T 

cell receptor expressing T lymphocytes start to develop there at 6 to 8 weeks of gestation (156). 

T cells co-expressing CD4 and CD8 appear and by week 13 of gestation, single positive CD4+ and CD8+ 

T cells begin to leave the thymus and can be detected in the spleen and cord blood by weeks 12 and 20 

respectively (157). 

Functional capability of human foetal T cells begins to develop at the end of first trimester. At 10 weeks 

of gestation, T cells in the thymus respond to stimulation with phytohemagglutin (a protein that causes 

red blood cells to clump together) and by 12 weeks mixed lymphocyte reaction reactivity can be detected 

(158). 

Secondary lymphoid organ development starts from week 8 of gestation, beginning with lamina propia, 

followed by the Peyer’s patches and appendix. Lymph nodes develop from weeks 8 to 12 of gestation, 

followed by tonsils and spleen from 10 to 14 weeks (159).  

T and B cells can be found in the foetal spleen as early as 14 to 18 weeks of gestation. At week 26 of 

gestation, white pulp areas are visible indicating the presence of dendritic cells (160). Pre-B cells are first 

detectable in the foetal liver around week 8 of gestation and B cells appear one week later. At 

approximately 12 weeks of gestation, B cells can be found in the bone marrow (161).  A supporting 

network within the bone marrow is formed by 20 weeks of gestation and it is through this network that 

pluripotent stem cells migrate and proliferate (162). 
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Figure 3.2: The development of the foetal immune system. 

 

3.6 Incomplete architecture of the foetal and newborn immune system 

The development of the immune system is a highly regulated process. The immune system development 

remains incomplete at birth. While it was previously believed that the innate system was immune-

competent at birth whereas adaptive system was not, it is now appreciated that neonates have 

deficiencies in both innate and adaptive immunity (163). Even though the neonatal immune cell 

architecture is completed at birth, there are several deficiencies that prevent the neonatal adaptive and 

innate immune cells from functioning as well as their adult counterparts.  

Studies of toll-like receptors, cytokines and chemokines, complement and antimicrobial peptides at the 

foetal-maternal interface show that the non-cellular components (cytokines/chemokines, complement, 

antimicrobial peptides) of innate immunity and Toll-like receptor signalling are reduced in neonates 

compared to adults (164). 
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Deficiencies are also present in the capacity for several types of immune cells, in particular antigen 

presenting cells and T and B lymphocytes, to produce co-stimulatory molecules such as cytokines and 

antibodies in sufficient quantity for a complete immune response. 

Antigen presenting cells are capable of displaying foreign antigens complexed with major 

histocompatibility complexes (MHCs) on their surfaces and present these antigens to other immune cells 

such as the T cells. Examples of these antigen presenting cells include monocytes, macrophages and 

dendritic cells. Antigen presentation, which is an essential component for activation of both innate and 

adaptive immune response, is incompletely developed at birth. Cord blood dendritic cells show low levels 

of cytokine TNF-α production and no IL-12 production (163). Neonatal monocytes exhibit low expression 

of the co-stimulatory molecules: CD80 and CD40 and their expression cannot be induced by potent 

activators such as the combination of IFN-α and CD40 ligand (165). 

Neonates do not possess an adult-like antibody repertoire (163). One to three months following birth, the 

neonate has only 30% of the total adult serum IgG concentrations (166). It is not until 7 to 12 months after 

birth that serum IgM and IgG concentrations reach 50% of adult concentrations, and not until age 3 to 5 

years that serum IgA concentrations reach 50% of adult concentrations (166). The primary T cell 

dependent antibody responses induced in the neonatal period result in lower and less persistent antibody 

responses with lower potency than those generated in adults (166). Human neonatal T cells generally 

produce less cytokine: IL-2, IFN-α, and IL-4 than adult T cells (163). 

3.7 Importance of sufficient vitamin D levels during pregnancy and in newborns for 
immune system development and function 

Vitamin D receptors and 1-α-hydroxylase are present in the decidua-maternal and trophoblast cells (167, 

168). Foetal kidneys and foetal parts of the placenta also express 1-α-hydroxylase (CYP27B1) (169). 

These observations suggest that the placenta is thus capable of producing the active form of vitamin D 

(1,25(OH)2D) from 25(OH)D. This active form of vitamin D does not readily cross the placenta whereas 

the circulating form of vitamin D (25(OH)D) readily crosses the placenta. As a result, foetal / newborn 

concentrations of 25(OH)D are similar to those found in the mother during pregnancy or at delivery (170). 

The expression of cathelicidin antimicrobial peptide is induced in the first trimester by 1,25(OH)2D in the 

placental trophoblast cells (171). The process of this induction of cathelicidin antimicrobial peptide is 

through intracrine vitamin D signalling. Trophoblast cells can be phagocytic and the intracrine production 

of cathelicidin antimicrobial peptide may lead to its delivery to phagocytic vesicles, similar to what is 

observed in macrophages (171). Thus for effective appropriate immune response during gestation, it is 

necessary to have sufficient 25(OH)D in the mother and the baby.  

3.8 Summary 

There is now considerable evidence of the physiologic role of vitamin D as an essential mediator in 

maintaining a healthy and functional immune system. The active form of vitamin D 1,25(OH)2D influences 

cells of both innate and adaptive immunity in their response to an infecting pathogen. Vitamin D acts 

directly on antigen presenting cells such as dendritic cells and T cells to promote peripheral tolerance via 
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inhibition of inflammatory responses and induction of Treg lymphocytes. Vitamin D also indirectly 

influences other cells of the immune system such as the macrophages, monocytes, and B cells.  

The immune cells of the fetus start developing as early as 3-4 weeks of gestation, however the 

development is still incomplete at birth. The mother’s circulating form of vitamin D (25(OH)D) is able to 

cross the feto-placental barrier and thus also is the source of vitamin D for the growing fetus. For this 

reason, maternal vitamin D status should be optimal during pregnancy.  

Trophoblast cells have vitamin D receptors and hydroxylation enzymes that convert 25(OH)D to the 

active form of vitamin D (1,25(OH)2D). Sufficient vitamin D concentrations in the growing fetus help to 

prevent infection through vitamin D signalling and induction of cathelicidin antimicrobial peptides. The 

trophoblasts cells perform similar roles as macrophages. It is therefore important to have optimal levels 

of vitamin D during pregnancy, at birth and infancy in order to have an appropriately responsive immune 

system. 
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Chapter 4: Literature Review – Part 3 

 

Global overview of maternal and newborn 
vitamin D status 

 

 

 

  



 

19 

4.1 Global summary of maternal and newborn vitamin D status 

Pregnant women and newborns are at increased risk of vitamin D deficiency. The objective of this 

literature review chapter was to perform a systematic review / meta-analysis of studies published from 

1959 to 2014 reporting 25(OH)D concentration in maternal and newborn populations and thus to create 

a global summary of maternal and newborn vitamin D status. This work has been published in “Maternal 

and Child Nutrition Journal” (172). 

The aims of this section of the literature review are to:  

1. Describe average maternal  and newborn 25(OH)D concentrations by WHO region. 

2. Discuss the prevalence of 25(OH)D <50 nmol/L (deficiency) and 25(OH)D concentrations <25 

nmol/L (severe deficiency) in maternal and newborn populations in the six WHO regions. 

3. Describe the relationship between maternal and newborn 25(OH)D concentrations. 

4.2 Introduction 

Two recent meta-analyses have shown that lower serum 25-hydroxyvitamin D (25(OH)D) concentrations 

during pregnancy are associated with poor health outcomes for pregnant women and newborns (173, 

174). The first meta-analysis examined 31 observational studies using a range of serum 25(OH)D 

concentration cut-off values (from 20 to 80 nmol/L) and showed that lower serum 25(OH)D concentration 

during pregnancy was associated with an increased risk of gestational diabetes, pre-eclampsia, and small 

for gestational age (173). The second meta-analysis examined 24 studies and showed that a serum 

25(OH)D concentration <50 nmol/L was associated with an increased risk of gestational diabetes, pre-

eclampsia, preterm birth and small for gestational age (174). 

Four global summaries of vitamin D status across the complete age range were published in the past 5 

years (175-178). The first meta-analysis examined 394 studies published from 1970 to 2004, including 

all studies globally that reported original data on serum 25(OH)D concentration (176). Mean serum 

25(OH)D concentration was 54 nmol/L; serum 25(OH)D concentrations were higher in women compared 

to men, in Caucasians compared to non-Caucasians, and in subjects >15 years old versus those younger 

(176).  The second meta-analysis examined 195 studies published from 1990 to 2011, including data 

from 44 countries, to describe patterns of 25(OH)D concentration worldwide by age, sex and region (175). 

This review reported a mean 25(OH)D concentration range of 5 to 137 nmol/L with 37% of the included 

studies reporting mean 25(OH)D concentrations <50 nmol/L (175). Age related differences in 25(OH)D 

concentrations were observed in the Asia/Pacific and Middle East /African regions, with newborns and 

institutionalized elderly generally at higher risk of lower serum 25(OH)D concentrations (175). The third 

meta-analysis examined 121 published studies from 1962 to 2009 to describe vitamin D status in six 

global regions: Asia, Europe, Middle East and Africa, Latin America, North America, and Oceania (177). 

This review found that the prevalence of serum 25(OH)D <75 nmol/L varied widely (2-97%) in all six study 

regions. Serum 25(OH)D concentrations <25 nmol/L were more prevalent in the Asian (18-48%) and 

Middle Eastern (9-80%) regions (177). The fourth meta-analysis, focused on the prevalence of vitamin D 

deficiency in developing countries (178). The review showed wide variability in serum 25(OH)D 

concentrations between and within different regions. In one-third to one-half of those living in sub-Saharan 
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and Middle Eastern regions serum 25(OH)D concentrations were <25 nmol/L (178). Vitamin D status was 

also described to be lower in China and Mongolia, especially in children, of whom up to 50% were 

reported to have serum 25(OH)D concentrations <12.5 nmol/L (178). 

Pregnant women and newborns are recognized as populations at increased risk of poor vitamin D status 

(179). All four meta-analyses on vitamin D status in the general population identified women and 

newborns as groups at increased risk of serum 25(OH)D concentrations <25 nmol/L (175-178). To date, 

however, there has been no specific attempt to describe vitamin D status in maternal and newborn 

populations at a global level. Given the potential for poor vitamin D status during pregnancy to affect 

maternal and child outcomes that remain important determinants of global health, the objective was to 

provide a global summary of vitamin D status in women (during pregnancy and at delivery) and newborns. 

4.3 Methods 

4.3.1 Search method 

Published epidemiological studies that describe vitamin D status in women, either during pregnancy or at 

delivery (maternal studies), or in babies at birth (newborn studies) were identified. Publications were 

identified initially through searches of three databases: Medline (Ovid), Embase and Cochrane library. 

The search engines of Medline (Ovid), Embase and Cochrane Library are similar and, in that, the 

advanced search engine options were used. The search results were combined using Boolean operators.  

The initial search was for publications reporting vitamin D status in pregnant women. The keywords used 

were ‘pregnancy’, ‘mother’, ‘maternal’, ‘gestation’, ‘vitamin D’ and ‘cholecalciferol’. Searches using 

keywords with the same meaning such as pregnancy, mother, maternal and gestation were combined 

using the Boolean operator “OR”. Vitamin D and cholecalciferol were also combined using “OR”. 

Combining similar searches using “OR” resulted in two major searches: maternal and vitamin D which 

were combined using “AND”.  

A similar search strategy was used to identify publications on newborn vitamin D status. The keywords 

used were ‘neonatal’, ‘newborn’, ‘cord blood’, ‘fetal blood’ and ‘infant’. These keywords were combined 

with “OR” and then combined using “AND” with the keywords for vitamin D (vitamin D or cholecalciferol). 

An initial review of titles and abstracts was undertaken followed by an in-depth review of full papers that 

could not be excluded by title and abstract alone. The following studies were excluded: (1) non-human 

studies, (2) studies not in English, (3) case reports and commentaries that did not report data on vitamin 

D status, (4) studies that described vitamin D deficiency outcomes in pregnant women and/or newborns 

but without actual data on vitamin D status, and (5) other topics unrelated to the objectives of this review 

such as those papers having 25(OH)D data on general populations or on specific aged populations 

excluding maternal and newborn populations. 

4.3.2 Identification and selection of studies 

359 publications were identified through the database searches (Figure 4.1). Twenty publications from 

the 359 retrieved articles were excluded during initial screening. The remaining 339 articles were exported 

into an EndNote reference manager database. The titles and /or abstracts of all identified studies were 



 

21 

reviewed and full manuscripts obtained for all those that appeared potentially relevant. This title/abstract 

review identified 273 articles as being not relevant and 66 publications as being relevant to this review. 

Through bibliographic searches of these 66 studies, 29 additional studies were identified. A total of 95 

papers were identified as relevant to the review (24-117, 180) (Appendix A-Supplementary Table S1). 

4.3.3 Study characteristics 

4.3.3.1 Study region and time interval 

The 95 publications (24-117, 180) which reported circulating 25(OH)D concentrations in maternal and 

newborn populations were grouped by World Health Organization (WHO) global region of the study 

sample (Americas, European, Eastern Mediterranean, South-East Asian, Western Pacific, and African). 

Once grouped by global region, the studies were further categorized according to decade during which 

the study was completed. Decade categories used were 1959-1979, 1980-1989, 1990-1999, 2000-2009 

and 2010-2014 (Table 4.1). For publications where the date of sample enrolment was not provided, year 

of publication was used to define the study decade (31, 54, 66, 75, 79, 82, 84, 85, 107, 108, 111, 113, 

117, 180) (Appendix A-Supplementary Table S1).  

4.3.3.2 Reporting of maternal and newborn vitamin D status 

The 95 publications were then categorized depending upon whether they reported vitamin D status in 

mothers only (34 publications) (24, 26-28, 30-59), newborns only (9 publications) (25, 60-67), or both (52 

publications) (29, 68-117, 180) (Appendix A-Supplementary Table S1). The number of publications was 

unevenly distributed across the six WHO regions (Figure 4.2): Americas (24 publications); European (33); 

Eastern Mediterranean (13); South-East Asian (7), Western Pacific (16) and African (2). In the Americas 

(14/24), European (19/33) and the Eastern Mediterranean (9/13) regions, a larger proportion of the 

studies were on pregnant woman-newborn pairs than on either mothers or newborns separately (Figure 

4.2).  
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Figure 4.1: Screening and identification of studies on maternal and infant vitamin D status. 

 

4.3.4 Meta-analysis 

Without access to the raw data reported in each publication, a meta-analysis was performed that allowed 

statistical comparison between WHO regions for the following outcomes: maternal and newborn 25(OH)D 

concentrations and prevalences of vitamin D deficiency and severe deficiency in these same two groups. 

In order to combine all the studies per region and to be able to generate a single mean 25(OH)D value 

for each region, the mean, standard deviation and sample size of each included study were used to 

calculate the standard error (SE), relative weight (W), weight percentage (W%) and weight percentage 

average 25(OH)D (W% x mean) concentration (182). The W% x mean for each study per region were 

added to provide an overall average serum 25(OH)D concentration for each region. Similarly, for 

prevalence of deficiency (<50 nmol/L) and severe deficiency (<25 nmol/L), W% x prevalence was 

calculated for all studies with the required information. Details of the meta-analysis calculations are 

provided in Appendix B. 

4.3.5 Defining vitamin D status 

Of the 95 papers identified, 27 reported mean serum 25(OH)D concentration, four reported median serum 

25(OH)D concentration, and nine reported prevalence of deficiency (Table 4.2 & Appendix A-

Supplementary Table S2). Two measures: mean 25(OH)D concentration and prevalence of deficiency  
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Table 4.1: Number of publications reporting vitamin D status in pregnant women and newborns in each WHO region according to decade of sample enrolment or 
study publication. 

WHO region 
Region population (in 

millions) 
(181) 

Women aged 15-64 
years (in millions) 

(181) 

STUDY YEAR 
Total 1959-1979 1980-1989 1990-1999 2000-2009 2010-2014 

Americas 1497 983 2 (1) 1 4 (1) 16 1 24 
European 740 505 2 5 (4) 4 (1) 18 2 (1) 31 
Eastern Mediterranean 4165 2821  2 (2) 4 9  15 
South-East Asian  1 4 4 (1)  9 
Western Pacific 37 24  1 (1) 1 7 (1) 5 (2) 14 
African 1863 1016   1 1  2 
Total 8302 5349 4 10 18 55 8 95 

Numbers in brackets indicate studies categorized by date of publication rather than of study sample enrolment 

Table 4.2: Measures used to report maternal and newborn vitamin D status by WHO region. 

 Vitamin D status measure 
WHO region Mean 25(OH)D Median 25(OH)D Deficiency 

prevalence 
Mean 25(OH)D & 

deficiency 
Median 25(OH)D & 

deficiency 
Mean & median 

25(OH)D 
Americas  7  2 12 2  
European 13 3 2 10 4  
Eastern Mediterranean 2 1 2 9 1  
South-East Asian 3  1 4 1  
Western Pacific 2  2 6 4  
African    1  1 
Total  27 4 9 42 12 1 

25(OH)D = 25-hydroxyvitamin D 
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Figure 4.2: Number of studies of vitamin D status of pregnant women and of newborn populations by 
WHO region were reported in 42 studies, median 25(OH)D concentration and prevalence of deficiency in 
12 studies, and mean and median 25(OH)D concentration in one study (Table 4.2 & Appendix A-
Supplementary Table S2). 

 

4.3.6 Serum 25-hydroxyvitamin D concentrations used to define vitamin D deficiency 

In the publications describing prevalence of maternal and newborn vitamin D deficiency, different 

25(OH)D concentrations were used (Table 4.3). The serum 25(OH)D concentrations most frequently used 

to define abnormally low serum 25(OH)D concentrations were <25 nmol/L and <50 nmol/L. Twenty-eight 

studies used <25 nmol/L, and 22 used <50 nmol/L (Appendix A-Supplementary Table S2). 

It was not possible to use all twelve 25(OH)D cut-off values (Table 4.3) reported by the 95 studies to 

define vitamin D deficiency. We chose to focus on two 25(OH)D cut-off values, <50 nmol/L and <25 

nmol/L, with 25(OH)D <50 nmol/L defining vitamin D deficiency and 25(OH)D <25 nmol/L defining severe 

vitamin D deficiency. For the purpose of this review, regional comparisons of vitamin D deficiency 

prevalence were made only using studies that reported serum 25(OH)D concentration cut off values of 

<50 nmol/L and <25 nmol/L. 
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Table 4.3: Serum 25-hydroxyvitamin D concentrations used to categorize vitamin D status by WHO 
region. 

 25-hydroxyvitamin D concentration in nmol/L 
Units 
nmol/L <12.5 <20 <25 <27.5 <28 <30 <31.2 <35 <37.5 <50 <75 <80 

WHO 
region  

            

Americas   2   1   6 6 1  
European 1 2 8 1  1    5   
EM   8 1  1 1 1  1   
SEA   4 1      4   
WP   6  1     7 1  
African             1 
Total  1 2 28 3 1 3 1 1 6 22 2 1 

EM = Eastern Mediterranean, SEA = South-East Asian, WP = Western Pacific 

4.3.7 Measurement of serum 25-hydroxyvitamin D concentration 

Thirteen different assays were used to measure serum 25(OH)D concentration. The detection limit and 

reported inter- and intra-assay coefficients of variance of these assays vary widely (Table 4.4). The most 

commonly used assays were radioimmunoassays, competitive protein binding assays, and liquid 

chromatography tandem mass spectrometry (LC-MS/MS). The LC-MS/MS assay, which is increasingly 

viewed as the gold standard technique for measuring 25(OH)D concentrations, has been used in only 

nine (26, 47, 66, 78, 84, 87, 92, 109, 116) of the 95 studies included in the review. Five studies did not 

report the assay techniques used to measure vitamin D status (39, 59, 77, 89, 102). 

Variations in lab measurements of 25(OH)D are discussed in the published literature. From the limited 

evidence available, it has been shown that while there is a lack of direct result comparability between 

different assays and also between the same assays performed in different laboratories. However strong  

correlations correlations have been shown between LC-MS/MS assay and RIA (DiaSorin) (r2=0.95) (105) 

and LIAISON 25(OH)D assay (r2=0.94) (183). Even though publications included in the review have 

utilized 13 different assays for vitamin D measurement and I acknowledge that variations may have 

existed because of the different assays used, I am not able to comment on the extent of the influence (if 

any) on the regional comparisons. 

4.4 Results 

4.4.1 Availability of data on maternal and newborn vitamin D status in each WHO region 

Of the 95 studies, 63 (66%) have been performed since 2000. The number of studies varied widely by 

WHO region (from 2 to 31 studies per region). Fifty-five (58%) of the studies were conducted in the 

Americas and European regions, in which live 28% of the world’s population of women 15 to 64 years of 

age (Table 4.1). 
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Table 4.4: Assays used to measure 25-hydroxyvitamin D concentration and their precision and the use of different assays by WHO region. 

Assay 
Assay precision WHO Region 

Total Detection limit 
Inter-

assay CV 
(%) 

Intra-
assay 
CV (%) 

Americas European EM SE Asian WP African 

Chemiluminescence Immunoassay - 5 2-6 2 2 2  2  8 
Radioimmunoassay (RIA) - 3-5 5-8 7 7 6 7 3 1 31 
High Performance Liquid Chromatography 1-4 nmol/L 6-8 - 3 3 2    8 
Competitive Protein Binding Assay (CPB) 13 nmol/L 5-10 10-15 4 4 3 3   14 
Liquid Chromatography Tandem Mass  0.2 nmol/L 2-8 2-6 2 4   2 1 9 
ELISA 5-300 nmol/L 2-4 4-6 3 2 1 1   7 
Roche Modular Analyser - 10-19 - 1 1   1  3 
Radioligand Assay  5 6-10  1 1    2 
Nichols Advantage Assay  5-6 -  1   1  2 
LIAISON DiaSorin Assay  <10 <10  1   1  2 
Enzyme immunoassay     1   1  2 
Radioprotein binding Assay  11 -   1 1   1 
IncStar Kit - 9 16       1 

 90 
CV = Coefficient of Variance, WP = Western Pacific, EM = Eastern Mediterranean, SE = South-East 
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4.4.2 Maternal vitamin D status during pregnancy 

4.4.2.1 Maternal serum 25-hydroxyvitamin D concentration during pregnancy 

Large differences were evident between and within most regions in the distribution of mean serum 

25(OH)D concentrations in pregnant women (Table 4.5). In the studies from the Americas region, mean 

and median 25(OH)D concentrations were within a relatively narrow range (mean 52 to 60, median 47 to 

65 nmol/L) (26, 28, 58). In contrast, mean 25(OH)D concentrations in pregnant populations in the 

European region varied more widely (range of means 15 to 72 nmol/L). One study from the European 

region reported a mean 25(OH)D concentration of <25 nmol/L (88), six studies between 30-45 nmol/L 

(82, 84, 85, 90, 93, 99), and seven between 50 to 72 nmol/L (32, 36, 37, 59, 81, 92, 94).         

Mean serum 25(OH)D concentrations during pregnancy reported from the Eastern Mediterranean region 

ranged from 13 to 130 nmol/L (40, 96, 97, 102-104, 106). Three of the eight studies describing pregnant 

maternal 25(OH)D status reported a mean 25(OH)D concentration <25 nmol/L (40, 97, 103). and two a 

mean 25(OH)D concentrations of 28 and 30 nmol/L (96, 104). Two studies reported 25(OH)D 

concentrations of 60 and 130 nmol/L (102, 106). One of the eight studies, of Isfahani women living in 

central Iran, reported high 25(OH)D concentrations (130 nmol/L) (106). The authors of this study 

acknowledged that the values were high compared to other Middle Eastern studies particularly two from 

Tehran (39, 97). They attributed the lower mean serum 25(OH)D concentration in Tehran to the air 

pollution in Tehran decreasing UVB exposure (39, 97, 106).  In the South-East Asian region, mean serum 

25(OH)D concentrations during pregnancy ranged from 20 to 52 nmol/L. Of the six studies, one reported 

a mean 25(OH)D concentration <25 nmol/L (110), four reported mean or median 25(OH)D concentrations 

between 35 and 47 nmol/L (42, 48, 51, 113), and one study reported a mean 25(OH)D concentration of 

52 nmol/L (43). 

Data from the Western Pacific region were available from four studies conducted in Australia (47, 115, 

117, 180), one in Japan (114), and one in Beijing (53). Mean maternal serum 25(OH)D concentration in 

three of the four Australian (Adelaide, Sydney, and Melbourne) studies were 47, 52 and 55 nmol/L 

respectively (115, 117, 180). The fourth study reported a higher mean value of 115 nmol/L (29). The 

possible explanation for this outlier value is that the study enrolled pregnant women living in Cairns 

(latitude 17oS) where an average of 7.5 hours of sunshine per day is recorded from May to September, 

with the level of ultraviolet radiation (UVB) strongest between 10am-3pm in this Northern region of 

Australia (47). The study enrolment occurred in July and August. 

The one study from the African region reported a mean maternal 25(OH)D concentration of 92 nmol/L 

(109) with this mean value being the third highest of all 33 global studies of maternal serum 25(OH)D 

concentration during pregnancy. The two highest values were 130 nmol/L reported in a study from Iran 

(106)  and 115 nmol/L reported from Cairns, Australia (47). 

When the different studies from each region were combined using a meta-analysis of mean maternal 

serum 25(OH)D in nmol/L, and then ranked by region, we observed large differences: Eastern 

Mediterranean 20, European 30, South-East Asian 30, Western Pacific 57, Americas 60, and African 92 

(Figure 4.3a).  
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4.4.2.2 Maternal vitamin D deficiency during pregnancy (Table 4.6) 

Vitamin D deficiency (25(OH)D <50 nmol/L) during pregnancy was present in 42 to 72% of women from 

the Americas, 18 to 90% from the European, 46% from the Eastern Mediterranean, 66 to 96% from South-

East Asian, and 41 to 97% from the Western Pacific region. Regional ranking of the proportion of pregnant 

women with serum 25(OH)D <50 nmol/L was: South-East Asian 87%, Western Pacific 83%, Americas 

64%, European 57% and Eastern Mediterranean 46% (Figure 4.3b). 

Severe vitamin D deficiency (25(OH)D <25 nmol/L) during pregnancy was present in 2 to 20% of women 

from the Americas, 20 to 40% from the European, 40 to 96% from the Eastern Mediterranean, and 5 to 

61% from the Western Pacific region. Regional ranking of the proportion of pregnant women with serum 

25(OH)D <25 nmol/L was: Eastern Mediterranean 79%, European 23%, Western Pacific 13% and 

Americas 9% (Figure 4.3c). 

4.4.3 Newborn vitamin D status during pregnancy 

4.4.3.1 Newborn serum 25-hydroxyvitamin D concentration 

Mean newborn 25(OH)D concentrations varied widely in the two studies from the Americas region (35 

nmol/L (45) and 77 nmol/L (63). The mean/median 25(OH)D concentrations in newborn studies from the 

European region were all ≤50 nmol/L, with one of these studies reporting mean newborn 25(OH)D 

concentrations of 20 nmol/L (82) and eleven reported mean values of 28 to 50 nmol/L (37, 38, 61, 81, 84, 

85, 90, 92-94, 99). Of the six studies of newborn vitamin D status from the Eastern Mediterranean region, 

four reported mean serum 25(OH)D concentration of <25 nmol/L  (96, 97, 103, 104), and two 25(OH)D 

concentration of ≥50 nmol/L (102, 106). Both studies from the South-East Asian region, had mean 

25(OH)D concentrations <50 nmol/L (110, 113). In the Western Pacific region, two studies reported a 

median newborn 25(OH)D concentrations of 32 nmol/L (114) and 45 nmol/L (67) and three studies 

reported newborn vitamin D concentrations in the range of 60 to 67 nmol/L (115, 117, 180). In the one 

study from the African region mean 25(OH)D concentration was 35 nmol/L (median 27 nmol/L) (109). 

When the different studies from each region were combined using a meta-analysis newborn mean serum 

25(OH)D in nmol/L, and then ranked by region, we observed large differences: Eastern Mediterranean 

17, South-East Asian 22, African 35, European 35, Western Pacific 55, and Americas 82 (Figure 4.4a). 
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Table 4.5: Serum 25-hydroxyvitamin D concentration (nmol/L) by WHO region. 

Country Year* First Author Sample Size 
n 

Maternal and newborn serum 25(OH)D 
Maternal (nmol/L) Newborn (nmol/L) 

Mean (±SD) Median 
(IQR) Mean (±SD) Median 

(IQR) 
Americas 

USA 1959-65 Gernand26 2096 52 ± 27    
USA 2001-06 Ginde27 928   65 (60-67)   
Canada 2004-07 Shand58 221  47 (35-67)   
USA 2004-09 Hollis, 201128 350 60 ± 25    
USA 2006-09 Belderbos63 156   77 ± 3  
USA 2007 Basile62 100   35 ± 20  

European 
UK 1978-79 Heckmatt88 44 15 ± 13    
Scotland 1980 Cockburn84 506 17  28  
Belgium 1981 Bouillon82 40 35 ± 15  20 ± 10  
France 1982 Delvin85 18 45 ± 5  30 ± 25  
Sweden 1986 Axelson81 20  50± 15  35 ± 13  
UK 1991-92 Gale32 1062  50 (30-75)   
UK 1991-92 Javaid37 198 50 ± 15  35 ± 13  

UK 
1998-
2001 

Harvey36 424 
 60 (42-87)   

France 2003 Baiz, 201461    45 ± 37  
France 2003 Baiz, 201260 375   39 (40) +  
Netherlands 2003-04 Leffelaar38 3730 55 (32-75)    
Greece 2003-04 Nicolaidou90 123  40 (28-52)  50 (35-75) 
Germany 2006-08 Weisse94 378  55 (35-80)  28 (18-42) 
Finland 2007 Viljakainen93 125 40 ± 13  50 ± 15  
Turkey 2008 Halicioglu99 107 30 ± 13  30 ± 18  
Denmark 2008-10 Streym92 369 72 ± 30  42 ± 20  
Belgium 2009-10 Vercruyssen59 369  55± 30    

Eastern Mediterranean 
Iran 1997 Bassir97 50 13 ± 25  5 ± 10  
Iran 1999 Andiran96 54 30 ± 10  20 ± 8  
Iran 2002 Maghbooli104 552 28 ± 23  18 ± 13  
Iran 2005 Salek106 88 130 ± 90  67 ± 28  
Iran 2005 Kazemi103 67 20 ± 5  17 ± 3  
Pakistan 2008 Karim102 50 60 ± 30  50 ± 28  
Iran 2008-09 Asemi40 147 18 ± 5    

South-East Asian 
India 1997 Farrant42 559  37 (25-57)   
India 1997-98 Krishnaveni48 568  47 (32-67)   

Nepal 
1998-
2001 

Jiang43 1165 
52 ± 25    

India 2002 Sachan113 324 35 ± 23  20 ± 15  
India 2005-06 Sahu51 139  40 (25-57)   
India 2006-07 Marwaha110 342 20 ± 8  22 ± 10  

 Western Pacific 
Japan 1980 Seino114 30 42 ± 13  32 ± 13  

NZ 
1997-
2001 

Camargo67 929 
   45 (30-77) 

Australia 2008 Bowyer115 1872  52 (18-175)  60 (18-245) 
Beijing 2010-11 Song53 125 72 ± 25    
Australia 2011 Thomas180 200 47 ± 20  67 ± 40  
Australia 2011 Bendall47 116 115 ± 28    
Australia 2012 Novakovic117 106 55 ± 15  60 ± 18  

 African 
Malawi 2000-04 Amukele109 21 92 ± 5 90 (75-110) 35 ± 8 27 (20-47) 

* Year of study or if not available year of publication 
+ Median and IQR: Author provided the median as 39.2 nmol/L and IQR as 39.7 nmol/L 
All mean and median with single values- No SD or IQR provided by the author 
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Figure 4.3a: Global maternal mean 25(OH)D concentrations in different WHO 
regions. 

 

Figure 4.4a: Global newborn mean 25(OH)D concentrations in different WHO 
regions. 

 
Figure 4.3b: Global prevalence of maternal 25(OH)D deficiency (<50 nmol/L). 

 

Figure 4.4b: Global prevalence of newborn 25(OH)D deficiency (<50 nmol/L).) 

 
Figure 4.3c: Global prevalence of maternal 25(OH)D severe deficiency(<25 
nmol/L).  

 

Figure 4.4c: Global prevalence of newborn 25(OH)D severe deficiency (<25 
nmol/L). 
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4.4.3.2 Newborn vitamin D deficiency 

In the two studies from the Americas region, newborn vitamin D deficiency (25(OH)D <50 nmol/L) was 

present in 27 and 35% of newborns (63, 78). The prevalence of 25(OH)D <50 nmol/L was 61 and 88% in 

the two studies from the European (92, 101), 60 and 88% in the two studies from the Eastern 

Mediterranean  (102, 105), 96% in the one study from the South-East Asian (113), and 33 and 57% in 

the two studies from the Western Pacific region (67, 180). Regional ranking of the proportion of newborns 

with serum 25(OH)D <50 nmol/L was: South-East Asian 96%, European 73%, Eastern Mediterranean 

60%, Western Pacific 54%, and Americas 30% (Figure 4.4b).  

In the two studies from the Americas region severe vitamin D deficiency (25(OH)D <25 nmol/L) was 

present in 4 and 22% of newborns (63, 78). Prevalence of 25(OH)D <25 nmol/L in the European region 

was between 8 and 66% (60, 64, 87, 92, 99), in the South-East Asian region 14 and 43% (43, 113) and 

in the Western Pacific region 4 to 45% (Table 4.6) (53, 67, 115, 180). Regional ranking of the proportion 

of newborns with serum 25(OH)D <25 nmol/L was: South-East Asian 45%, European 39%, Americas 

14% and Western Pacific 14% (Figure 4.4c).  

A discussion of a temporal change in vitamin D status across global regions is of potential importance 

from a public health sense. Four time-periods: 1959-1979, 1980-1999, 1990-1999, 2000-2010 and 2000-

2014 are discussed to maintain consistency with other chapters. In the Americas region mean maternal 

25(OH)D concentration was 52 nmol/L in 1959 and 56 nmol/L in 2004-2009. In the European region mean 

maternal 25(OH)D concentrations was 15 nmol/L in 1978-1979, 37 nmol/L in 1980-1989, 50 nmol/L in 

1990-1999, and 51 nmol/L in 2000-2009. In the Eastern Mediterranean region mean maternal 25(OH)D 

concentration was 22 nmol/L in 1990-1999, and 22 nmol/L in 2000-2009. In the South East Asian region 

mean maternal 25(OH)D concentration was 42 nmol/L in 1990-1999 and 36 nmol/L in 2000-2009. In the 

Western Pacific region mean maternal 25(OH)D concentrations was 42 nmol/L in 1980-1989, 52 nmol/L 

in 2000-2009 and 51 nmol/L in 2000-2014. 

Temporal trend for newborn 25(OH)D concentration could not be described for the Americas region (only 

data for 2000-2009 available with mean 25(OH)D 56 nmol/L),  In the European region mean 25(OH)D 

was 28 nmol/L in 1980-1989, 35 nmol/L in 1990-1999, and 41.2 nmol/L in 2000-2009. In the Eastern 

Mediterranean region mean 25(OH)D was 12.5 nmol/L in 1990-1999 and 17.5 nmol/L in 2000-2009. In 

the Western Pacific region mean 25(OH)D was 32 nmol/L in 1980-1989 and 64 nmol/L in 2010-2014. 

Temporal trends for newborn mean 25(OH)D concentration could not be described for the South-East 

Asian region (only data for 2000-2009 available with mean 25(OH)D 21 nmol/L. 

4.4.4 Relationship between maternal and newborn vitamin D status 

Fifty-two studies described vitamin D status in both mothers and their newborns. Serum 25(OH)D 

concentration was measured in cord blood samples in all but one Australian study where dried blood 

spots obtained from newborn screening cards were used (180). Two studies compared 25(OH)D 

concentrations on cord blood samples and venous blood samples taken from newborns (88, 98). 

In 40 of the 52 studies, the relationship between maternal and newborn vitamin D status was described 

using correlation coefficients (r) (Table 4.7). Thirty-seven of the 40 studies reported maternal 25(OH)D 
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concentrations to be higher than newborn concentrations (Table 4.7). Only one study reported the actual 

difference between maternal and newborn 25(OH)D concentration. In this study from New Zealand the 

mean maternal serum 25(OH)D concentration measured at 36 weeks gestation, was 35 nmol/L higher 

than the cord blood 25(OH)D concentration (maternal 72 vs. cord blood 37 nmol/L) (116). Other studies 

that have quantified the relationship between maternal and cord blood 25(OH)D, describe cord blood 

25(OH)D concentration being 36% (109), 67% (79), and 80% (75) of the matched maternal serum 

25(OH)D concentration. The first two studies reported maternal 25(OH)D concentrations higher than cord 

blood 25(OH)D (79, 109) and the third study reported cord blood 25(OH)D to be higher (75). 

Three studies reported cord blood 25(OH)D concentrations to be higher than maternal serum 25(OH)D 

concentration (75, 88, 117). Two of the three studies; one in the Americas region and the other from the 

Western Pacific region observed this relationship to be present when maternal 25(OH)D concentrations 

were low (75, 117). In the US study, newborn 25(OH)D concentrations were higher than maternal 

concentrations only when maternal 25(OH)D concentrations were in the range of 7 to 12 nmol/L (75). In 

the Australian study, newborn 25(OH)D concentration were observed to be higher than maternal 

concentration only when maternal 25(OH)D was <45 nmol/L (117). In contrast, the third of these studies, 

from the UK, observed that newborn serum 25(OH)D concentration was higher than maternal 25(OH)D 

concentration across the whole range of 25(OH)D values (88). Different assay techniques may have 

accounted for these differences. In the Australian study (117), serum 25(OH)D concentrations were 

measured using LIAISON vitamin D total kit (DiaSorin) whereas both American studies (75, 88) have 

used modified versions of competitive protein binding assays (170, 184). 

In all 40 studies where correlations were described, there was a significant positive correlation between 

maternal and newborn 25(OH)D concentrations. The range of correlation coefficients between maternal 

and newborn 25(OH)D concentrations, by region, were: Americas 0.68 to 0.97, European 0.42 to 0.95, 

Eastern Mediterranean 0.03 to 0.88, South-East Asian 0.78 to 0.81, and Western Pacific 0.19 to 0.85.  

The timing of the sample collection may have contributed to the variation in the coefficient coefficients 

between maternal and newborn 25(OH)D. How well 25(OH)D concentrations correlated between 

maternal and newborn samples by timing of sample collection appeared to vary by WHO region. For all 

the regions except for the European region, the correlation coefficient between maternal and newborn 

25(OH)D concentrations were greater when samples were collected during pregnancy or at delivery to 

when the samples were collected post-delivery. 

In the Americas region, the correlation between newborn 25(OH)D concentrations and maternal samples 

collected pre-delivery and / or at delivery were the same (r=0.82). The correlation was lower for maternal 

sample collected post-delivery (r=0.68).  

In the European region, the correlation between maternal and newborn 25(OH)D concentrations was 

higher when the maternal samples were collected post-delivery (r=0.88) compared to when they were 

collected during the pregnancy (r=0.67) and at delivery (r=0.65).  

In the Eastern Mediterranean region lower correlation was observed for maternal samples collected pre-

delivery (r=0.55) compared to during pregnancy (r=0.63) and at delivery (r=0.78). In the South-East Asian 
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region higher correlation was observed for maternal samples collected at delivery (r=0.81) compared to 

maternal samples collected during pregnancy (r=0.78) or before delivery (r=0.79). For the Western Pacific 

region, lower correlation was observed when maternal samples were collected during pregnancy (r=0.49) 

versus those collected at delivery (r=0.85). 

4.5 Discussion 

This systematic review of vitamin D status of pregnant women and newborns worldwide, from 1959 to 

2014, showed mean maternal 25(OH)D concentrations ranging from 13 to 130 nmol/L and mean newborn 

25(OH)D concentrations ranging from 5 to 77 nmol/L. Vitamin D deficiency, as defined by a serum 

25(OH)D concentration <50 nmol/L, was present in 54% of pregnant women and 75% of newborns; and 

severe vitamin D deficiency, as defined by a serum 25(OH)D concentration <25 nmol/L, in 18% of 

pregnant women and 29% of newborns. 

Wide variability in vitamin D status between WHO regions was evident. From the meta-analysis, average 

maternal 25(OH)D concentrations were <25 nmol/L in the Eastern Mediterranean region, between 25 and 

<50 nmol/L in the South-East Asian and European regions, 50 to <75 nmol/L in the America and Western 

Pacific regions, and 75 to <100 nmol/L in the African region. Average newborn 25(OH)D concentrations 

were <25 nmol/L in the Eastern Mediterranean and South-East Asia regions; between 25 and <50 nmol/L 

in the European and African regions; 50 to <75 nmol/L in the Western Pacific region; and >75 nmol/L in 

the Americas region. 

Consistent with the low mean 25(OH)D concentration, studies where the proportion of pregnant women 

with serum 25(OH)D <50 and <25 nmol/L were defined, showed that the majority of pregnant women in 

the South-East Asian region had vitamin D deficiency (87%) and the majority in the Eastern 

Mediterranean region had severe vitamin D deficiency (79%). Similarly a higher proportion of pregnant 

women in the Western Pacific, Americas and European regions were vitamin D deficient (Western Pacific 

83%, Americas 64%, Europe 57%) but a smaller proportion of pregnant women in these three regions 

had severe vitamin D deficiency (Western Pacific 13%, Americas 9%, Europe 23%). Vitamin D deficiency 

was more frequent in pregnant women in the South-East Asian (87%) than any other WHO region but no 

data are available to estimate whether severe vitamin D deficiency is prevalent in pregnant women in the 

South-East Asian region. 
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Table 4.6: Prevalence of maternal and newborn vitamin D deficiency (25(OH)D <50 nmol/L) and severe 
vitamin D deficiency (25 (OH)D <25 nmol/L) by WHO region. 

Country  Year* First Author 

Maternal and newborn vitamin D status deficiency and 
insufficiency 

Maternal 25(OH)D Newborn 25(OH)D 
Deficiency 

(%) 
 <50 nmol/L 

Severe def. 
(%) 

 <25 nmol/L 

Deficiency 
(%) 

<50 nmol/L 

Severe def. 
(%) 

 <25 nmol/L 
Americas 

USA 1959-65 Gernand 26 56    
Canada 2004-07 Shand58 53    
USA 2005-06 Newhook78 42 2 35 4 
USA 2006-09 Belderbos63   27  
USA 2008-09 Collins-Fulea24 72    
USA 2010-11 Burris71  20  22 

European 
UK 1991-92 Javaid37 18    
Scotland 2000-06 Haggarty87  22  50 
France 2003 Baiz, 201260    28 
Greece 2003-04 Nicolaidou90  20  8 
Netherlands 2004-2006 Dijkstra64    43 
Turkey 2005 Karatekin101 68  88  
UK 2007 Yu95  40   
Turkey 2008 Halicioglu99 90   50 
Denmark 2008-10 Streym92 23  61 66 

Eastern Mediterranean 
Iran 1997 Bassir97  80   
Iran 1999 Andiran96  46   
Iran 1999-2000 Molla105  40 60  
Iran 2005 Kazemi103  86   
Iran 2005 Maghbooli44  71   
Pakistan 2008 Karim102 46  88  
Iran 2008-09 Asemi40  96   

South-East Asian 
India 1997 Farrant42 66    
India 1997-98 Krishnaveni48 67    
Nepal 1998-2001 Jiang43    14 
India 2002 Sachan113 84  96 43 
India 2005-06 Sahu51 74    
India 2006-07 Marwaha110 96    

Western Pacific 
NZ 1997-01 Camargo114   57 19 
Australia  2002-03 Morley55  7   
NZ 2006 Judkins54 87 61   
Australia 2007-08 Lau49 41    
Japan 2008 Shibata52 90    
Australia 2008-09 Perampalam56  35   
Australia 2008-09 Perampalam56  26   
Australia 2008-09 Teale57  5   
NZ 2010-11 Grant116 54 54   
Beijing 2010-11 Song53 97   45 
Australia 2011 Bowyer115  15  11 
Australia 2011 Thomas180 56 12 33 4 

As was seen with the studies of pregnant women, vitamin D deficiency (96%) was prevalent in newborns 

from the South-East Asian region. A large proportion of newborns in the Eastern Mediterranean region 

were vitamin D deficient (60%) but no data was available to estimate the prevalence of severe vitamin D 

deficiency in newborns in the Eastern Mediterranean region. In the European region both vitamin D 

deficiency (73%) and severe vitamin D deficiency (39%) were observed more frequently in newborns than 

pregnant women. As with pregnant women, in the Americas and Western Pacific regions severe vitamin 
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D deficiency was less prevalent (Americas 14%, Western Pacific 14%) than vitamin D deficiency 

(Americas 30%, Western Pacific 54%). 

The amount of within-region variability in vitamin D status differed by global region. Variability in average 

maternal serum 25(OH)D concentration between studies within the same region was 23% in the 

Americas, 2-fold in the Western Pacific, 3-fold in the South-East Asian, 4-fold in the European and 10-

fold in the Eastern Mediterranean region. Among newborns, within-region study variance in mean serum 

25(OH)D concentration was 9% in the South-East Asian, 2-fold in the Western Pacific, Americas and 

European regions, and 13-fold in the Eastern Mediterranean region. 

As described in the introduction, four reviews have been conducted previously that describe vitamin D 

status across the age range worldwide (175-178). In the systematic review by Hilger et al (195 studies in 

44 countries) (175), the prevalence of serum 25(OH)D <50 nmol/L was 37%. In comparison, in our review, 

the prevalence of serum 25(OH)D <50 ng/mL was 54% in pregnant women and 75% in newborns. As 

was evident from our study of pregnant women and newborns, Hilger observed that mean 25(OH)D 

values in the general populations were higher in the Americas (North America) (75 nmol/L) than in Europe 

(52 nmol/L) or the Middle East (50 nmol/L). Consistent with the reviews by Mithal (177) and Arabi (178), 

our review showed that vitamin D deficiency (25(OH)D <50 nmol/L) and severe vitamin D deficiency 

(25(OH)D <25 nmol/L) were more common in the South-East Asian and Eastern Mediterranean regions 

for both maternal and newborn populations. 

The increase in number of studies that have described maternal and newborn vitamin D status over time 

is apparent as is the uneven distribution of studies between global regions. Most studies (74%) were from 

three of the six WHO regions: Americas 25%, Europe 31%, and Eastern Mediterranean 18%. Currently 

the published data are insufficient to allow maternal and newborn vitamin status to be defined in the 

African region and in non-European pregnant women living in the Western Pacific region. Data from the 

South-East Asian and Eastern Mediterranean regions are also limited particularly in view of the large 

populations of those two regions. The limited data that are available from South-East Asia and the Eastern 

Mediterranean suggest vitamin D status that is poor relative to other global regions.  

This meta-analysis confirms the close relationship of maternal pregnancy with newborn serum 25(OH) 

concentrations. All 39 studies with paired maternal and cord concentrations of 25(OH)D showed a high 

correlation. In all but three studies, maternal pregnancy 25(OH)D concentration was higher than newborn 

25(OH)D concentration. These relationships are expected as the fetus cannot synthesize 25(OH)D and 

thus this compound must be transferred from the mother via the placenta (185). Maternal vitamin D is the 

sole source of vitamin D to the fetus. The lower mean serum 25(OH)D concentrations seen in newborns 

compared with pregnant women in all regions but the Americas and higher prevalence of vitamin D 

deficiency and severe vitamin D deficiency in newborns compared with pregnant women observed in all 

regions is consistent with this relationship.  
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Table 4.7: Correlation between maternal and newborn serum 25-hydroxyvitamin D concentrations by 
WHO region. 

Country (First 
Author) Year Correlation 

coefficient 
P 

value 
Maternal sample 

taken at: 

Relationship between 
maternal and newborn 

25(OH)D 
Newborn 
25(OH)D 

lower 

Newborn 
25(OH)D 
higher 

Americas 
USA (Hillman)75 1974 0.76 <0.0005 Pre-delivery   
USA (Hollis, 84)29 1984 0.76 0.01 At delivery   
USA (Bodnar) 70 1997-01 0.89 <0.001 At delivery   
USA (Bodnar) 69 1997-01 0.97 <0.0001 Pre-delivery   
USA (Lee)77 2002-03 0.68 <0.001 24-48 hrs. post-

del 
  

USA (Dror, 2012)74 2006-08 0.78 <0.0001 Pre-delivery   
USA (Dror, 2011)73 2008-09 0.79 <0.0001 Pre-delivery   

European 
London (Brooke)83 1977-79 0.93 <0.001 28-32 weeks   
UK (Heckmatt)88 1978-79 0.93 <0.001 24 hrs. post-del   
Edinburg (Cockburn)84 1980 0.71 <0.001 At delivery   
France (Mallet)89 1980-89 0.95 <0.001 At delivery   
Belgium (Bouillon)82 1981 0.83 <0.001 At delivery   
France (Delvin)85 1982 0.90 <0.0005 At delivery   
Israel (Shany)108 1984 0.91 <0.001 At delivery   
Sweden (Axelson)81 1986 0.83 <0.0001 At delivery   
Scotland (Haggarty)87 2000-06 0.50 <0.001 19 weeks   
Norway (Godang)86 2001-08 0.42 <0.001 30-32 weeks   
Cardiff (Nicolaidou)90 2003-04 0.63 <0.001 At delivery   
Turkey (Karatekin)101 2005 0.79 <0.05 At delivery   
Germany (Weisse)94 2006-08 0.81 <0.001 34 weeks   
UK (Yu)95 2007 0.45 <0.0001 At delivery   
Turkey (Halicioglu)99 2008 0.65 <0.001 Pre-delivery   
Denmark (Streym)92 2008-10 0.83 <0.001 1-2 wks. post-del   

Eastern Mediterranean 
Saudi Arab (Ser)107 1984 0.80 <0.001 At delivery   
Iran (Bassir)97 1997 0.88 <0.0001 At delivery   
Iran (Andiran)96 1999 0.63 0.01 During consent   
Kuwait (Molla)105 1999-00 0.79 <0.001 At delivery   
Iran (Maghbooli)104 2002 0.71 0.0001 At delivery   
Iran (Salek)106 2005 0.79 <0.001 At delivery   
Iran (Kazemi)103 2005 0.55 <0.001 Pre-delivery   
Pakistan (Karim)102 2008 0.03 <0.003 No indication   
Pakistan (Hossain)100 2010 0.68 <0.001 At delivery   

South-East Asian 
Korea (Namguang)112 1993-94 0.81 0.0001 At delivery   
India (Sachan)113 2002 0.79 <0.001 Pre-delivery   
India (Marwaha)110 2006-07 0.78 0.0001 Third trimester   

Western Pacific 
Japan (Seino)114 1980 0.85 <0.0005 At delivery   
Australia (Bowyer)115 2008 0.74 <0.001 30-32 weeks   
NZ (Grant)116 2010 0.79 <0.001 36 weeks   
Australia (Thomas)180 2011 0.23 0.02 Third trimester   
Australia (Novkovic)117 2012 0.19 <0.001 28 weeks   

post-del= post delivery 

In the five global regions for which data are available, all but one (Eastern Mediterranean for pregnant 

women, Americas for newborns) show that vitamin D deficiency was present in more than half of pregnant 

women and newborns. In all but one region (Americas), vitamin D deficiency was present in at least one-

third of newborns. With the recent evidence indicating that 25(OH)D <20 nmol/L is associated with an 
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increased risk of poor pregnancy and early infant outcomes (173, 174), there is an urgent need to develop 

national and regional approaches aimed at improving vitamin D status in these populations. 

The close relationship between maternal pregnancy and newborn vitamin D status implies that 

addressing vitamin D status during pregnancy is necessary if newborn vitamin D status is to be improved. 

Some regions, such as Europe and the Americas, have national policies that recommend 

supplementation of pregnant women, to ensure the mother’s requirements for vitamin D are met and to 

prevent vitamin D deficiency in young infants. However, recommended supplementary doses vary from 

country to country with current recommendations bearing little relationship with the national and regional 

data that describes vitamin status. For example, in the European region, the recommended daily vitamin 

D supplementary doses are 10 μg/day (400 IU/day) in The Netherlands and Scandinavia, and 20 μg/day 

(800 IU/day) in Germany and Belgium (186-189). Average serum 25(OH)D concentrations in nmol/L in 

pregnant women from these countries are: The Netherlands 55 (38), Sweden 50 (81), Denmark 72 (92), 

Germany 55 (94), and Belgium 35 (82) and 55 (59). 

Lower serum 25(OH)D concentrations during pregnancy are associated with poorer outcomes during 

pregnancy, at birth, and during infancy and childhood (190). Children born to mothers with lower 25(OH)D 

concentrations during pregnancy were at higher risk of being born preterm (173, 174), or small for 

gestation age (174), and are at higher risk of having reduced bone mineral content at birth (93). In studies 

performed in the United States and Scotland higher maternal intakes of vitamin D during pregnancy were 

associated with a reduction in risk of recurrent wheezing in children during preschool years (191, 192). In 

New Zealand cord blood 25(OH)D concentrations have been shown to be inversely related to the risk of 

parent reported respiratory infections in the first three months of life (193). Children born with low serum 

25(OH)D concentrations had reduced bone mass at 9 years of age (37).  

This current review indicates that, even in countries where fortification of food with vitamin D is mandatory, 

and where the use of vitamin D supplements is recommended, substantial proportions of women will have 

poor vitamin D status during their pregnancy and, as a result, their offspring will very likely be born with 

vitamin D deficiency. Currently recommended doses of vitamin D during pregnancy will not achieve serum 

25(OH)D concentrations in the normal range in populations, who because of skin pigmentation or lifestyle, 

are less able to generate vitamin D from sunlight exposure (28). 

We believe that current policy for maintenance of adequate vitamin D status during pregnancy and at 

birth has not kept pace with the dramatic changes in lifestyle that have occurred in human populations 

over recent generations. Populations with traditional lifestyles and who have year-round exposure to 

sunlight have serum 25(OH)D concentrations that average 112 nmol/L (194). In studies of lactating 

women performed in Europe and the United States daily vitamin D intakes of at least 2000 IU, two to four 

times the currently recommended daily intakes, are required in order for breast milk vitamin D activity to 

be increased (195, 196). Randomized controlled trials consistently show such doses to be safe (28, 116). 

These data imply that our current approach to vitamin D requirements, which is based upon a disease 

avoidance model (197), will inevitably result in substantial proportions of the pregnant women and 

newborns globally being vitamin D deficient. 



 

38 

This review has several limitations. Design and methodological differences between the individual studies 

limited the precision of the global estimates of vitamin D status in pregnant women and newborns. 

Thirteen different assays were used in the 95 studies included in our review. Of the different assays that 

are available, the liquid chromatography tandem mass spectrometry (LC-MS/MS) is increasingly 

considered the gold standard technique for measuring 25(OH)D concentration due to its high accuracy 

and precision (198). Within and between-run coefficients of variance are 2.4% and 2% respectively (199). 

Only 9/95 (9%) of the studies included in this review used this gold standard assay. Excellent correlations 

have been shown for the measurement of 25(OH)D concentration by LC-MS/MS) and radioimmunoassay 

(RIA) and by the LIAISON assay (183, 191).  Of the studies included in this review 31/95 (33%) used RIA 

and only 2/95 (2%) used the LIAISON assay. The ability of our review to create precise estimates of the 

prevalence of vitamin D deficiency and severe vitamin D deficiency was also limited by the variability in 

25(OH)D values used to report vitamin D status (Table 4.3). Data from 29% (21/72) of the studies could 

not be included because 25(OH)D cut-off values other than 50 and 25 nmol/L were used to define vitamin 

D status. An investigation of variance by global region in maternal and newborn vitamin D status with 

season or other demographic factors was considered beyond the scope of this meta-analysis. 

4.6 Literature review update 

Six papers were published in the 2015-2016 period after my systematic review was published (200-205): 

Americans (1), European (1), Eastern Mediterranean (1), South-East Asian (2) and Western Pacific 

region (1).  The results from these studies are reported in Table 4.8 but a new meta-analysis was not 

conducted on the results of these publications. 

25(OH)D concentrations was measured in a population of pregnant women (n=237) at 15.2 weeks 

gestation living in the USA (201). The study reported a mean of 75 ± 29 nmol/L and 21% of the study 

population were vitamin D deficient (<50 nmol/L).  The overall maternal mean for the Americas region 

calculated through the meta-analysis was found to be 60 nmol/L. This study may therefore increase the 

overall mean slightly for the Americas region.  

Vitamin status was determined in maternal and newborn populations (n=97) living in Turkey (203). The 

mean 25(OH)D concentrations in mothers and their newborns were reported as 12 ± 8 and 11 ± 6 nmol/L 

respectively. Ninety-eight percent of mothers and 100% of newborns had vitamin D deficiency (<50 

nmol/L). The current review described the overall maternal and newborn mean 25(OH)D concentrations 

in the European region as 30 and 35 nmol/L. This particular study may therefore decrease the mean 

25(OH)D concentration in maternal and newborn populations living in the European region. 
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Table 4.8: Updates on serum 25(OH) D concentration (nmol/L) and deficiency prevalence (<50 nmol/L) 
by WHO region and country within each region. 

Country Year* First Author 

Maternal and newborn serum 25-hydroxyvitamin D 
concentration 

Maternal (nmol/L) Newborn (nmol/L) 

Mean (±SD) 
Prev. 

Deficiency  
(%) (<50 nmol/L 

Mean 
(±SD) 

Prev. Deficiency 
(%) (<50 nmol/L 

Americas 
USA 2007-2012 Nobles201 75 ± 29 21   

European 
Turkey 2012-2013 Parlak203 12 ± 8 98 11 ± 6 100 

Eastern-Mediterranean  
Tehran 2013 Fallahi204 34  33  

South-East Asian 
India 2015 Kumar202 41 ± 25  32 ± 21  
India 2015 Nalik205   29 ± 12  

Western Pacific 
NZ 2010-2011 Ekeroma200 63 ± 35 42   

The mean 25(OH)D concentration described in maternal and newborns populations reported from a study 

of 62 pregnant women and newborns pairs in the Eastern Mediterranean region (204) was higher (34, 33 

nmol/L) than the overall mean 25(OH)D concentrations for this region calculated in the meta-analysis (20, 

17 nmol/L). The 25(OH)D concentration values from this particular study may lead to an increase in mean 

pregnancy and newborn 25(OH)D concentrations for the Eastern Mediterranean region.  

Two studies were reported in 2015 from the South-East Asian region (202, 205). The first study reported 

25(OH)D concentrations in 106 mothers during labor and of their 106 newborns (202). Mean 25(OH)D 

concentrations was reported as 41 ± 25 nmol/L in mothers and as 32 ± 21 nmol/L in their newborns (202). 

The second study investigated 25(OH)D status in 50 healthy newborns in Kerala, India reported a mean 

25(OH)D value as 32 ± 21 nmol/ L (205). My systematic review reported a mean 25(OH)D concentration 

for the South-east Asian region of 30 nmol/L in mothers and 22 nmol/L in newborns. These two studies 

conducted in 2015 (202, 205) would result in a small increase in mean 25(OH)D concentrations in 

pregnant women and newborns in the South-East Asian  region.  

A New Zealand study investigated vitamin D status in 259 pregnant women living in South Auckland 

(200). Mean 25(OH)D concentrations reported in these women was 63 ± 35 nmol/L and 42% of the study 

population were vitamin D deficient (<50 nmol/L). The overall mean 25(OH)D concentration in maternal 

population described by the current review is 57 nmol/L. This one study should therefore not make much 

difference to the overall maternal mean 25(OH)D concentration estimated for pregnant women living in 

the Western Pacific region.  

4.7 Summary 

This systematic review and meta-analysis shows that vitamin D deficiency (25(OH)D <50 nmol/L) is more 

prevalent in pregnant women and newborns than has been described in the general population globally. 

Wide variability is evident between WHO regions in serum 25(OH)D concentrations, within regions in the 

extent to which 25(OH)D varies between studies, and in the extent to which vitamin D status has been 

characterized. Vitamin D status during pregnancy is currently poorly defined in the South-East Asian, 

Eastern Mediterranean and African regions, and in non-European populations in the Western Pacific 
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region. The high prevalence during pregnancy of vitamin D deficiency in the South-East Asian region 

implies a high likelihood of vitamin D deficiency in newborns and indicates that determining this should 

be a priority, as should be characterizing vitamin D status among non-European populations in the 

Western Pacific. To improve comparability of data between studies and hence between countries and 

WHO regions, standardization of the 25(OH)D cut-off values (e.g., <50 nmol/L and <25 nmol/L), and 

development of a standard measurement of 25(OH)D or utilizing assays that have shown good correlation 

with each other is necessary. It was also demonstrated in this review that a newborn’s 25(OH)D 

concentrations are closely related to the mother’s 25(OH)D concentration during pregnancy or delivery. 

To protect a child from adverse effects of vitamin D deficiency, it is necessary to achieve normal vitamin 

D status during pregnancy. 
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Chapter 5: Literature Review – Part 4 

 

A global comparison of Acute Respiratory Tract 
Infection (ARI) hospitalisation rates in children 

in the first year of life 
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5.1 Acute respiratory tract infection (ARI)  

Acute respiratory tract infections (ARIs) are the most common cause of childhood illness worldwide and 

the leading cause of hospitalisation in young children (206). ARIs are one of the leading causes of child 

mortality in the developing world and of child morbidity in both the developing and developed world (206). 

ARIs account for 20 to 35 percent of hospital admissions during infancy (207, 208). 

The aims of this chapter are to: 

1. Describe ARI hospitalisation rates in the first year of life in the different World Health Organization 

(WHO) regions.  

2. Describe how ARI hospitalisation rates have changed over time in each WHO region. 

This chapter is divided into two parts. Part one summarises the published data that reports ARI 

hospitalisation rates in children in different WHO regions. In part two of this chapter, I report ARI 

hospitalisation data in each of  three time intervals (1973-1980, 1991-2000 and 2001-2011) for each 

region so that temporal trends in each region can be examined and compared. No publications were 

found for the1981-1990 time interval.  The first and final time-interval categories consist of uneven 

distribution of time periods depending on papers that were available from the search. The primordial 

paper identified from the search was published in 1973 so the first category was 1973 to 1980 and the 

most recent paper was in 2011 so the final category created was 2001-2011 instead of 2001-2010. 

As the focus of my thesis is ARI hospitalisation in the first year of life, this epidemiological description is 

limited to ARI hospital admissions during infancy, with infancy defined as ≤12 months of age. However, 

because of the manner in which data have been reported, I have included data from some studies that 

examined hospitalisation trends in different age groups, for example, <6 months old, <12 months old and 

<5 years, and <15 or 16 years old.  

5.2 Method 

5.2.1 Search strategy 

Published epidemiological studies that reported ARI hospitalisation rates in children in their first year of 

life were identified through a literature search of the MEDLINE (Ovid), Embase and Cochrane library 

databases. The main aim of my search was to identify all studies reporting ARI hospitalisation rates in 

the first twelve months of life. However, in the majority of publications, data have been reported through 

comparisons of hospitalisation rates between different childhood age groups (for example, <6 months 

and/or <12 months versus older, or <2 years versus older or <5 years versus older or for the entire 

paediatric age range (<15 or <16 years). Those studies that reported data from the >1 year age group 

but did not include actual data from children in their first year of life were excluded.  

Three searches were constructed to identify published literature describing: (1) respiratory infections, (2) 

hospitalisations, and (3) children in first year of life. The key word terms included in each of these three 

searches are shown in box (1), (2) and (3) in Figure 5.1. Each key word from each of the categories (1), 

(2) and (3) were combined using the Boolean operator “OR”. For example the keywords in box 1: 

respiratory tract infections, upper respiratory tract infections, lower respiratory tract infections, 
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pneumonia, bronchiolitis, influenza and respiratory syncytial virus were combined using “OR”. The results 

of this search for keywords in box 1 were saved as: respiratory tract infections”. Similarly all the keywords 

in box 2 and then box 3 were combined using “OR”. Finally, the results of keyword searches from box 1, 

box 2 and box 3 were combined using the Boolean operator “AND”.  

Figure 5.1: Strategy used in the identification of studies on ARI hospitalisation rates during infancy. 

 

 

A total of 76 published manuscripts were identified through the initial phase when the three summary 

search phrases “respiratory tract infections”, “hospitalisation rate” and “0-12 months of age” were 

combined with the Boolean operator “AND” (Figure 5.1). 

Key words (1) 
(Each keyword combined 

using “OR”) 
Respiratory tract 
infections 
Upper respiratory infection 
Lower respiratory infection 

Pneumonia 
Bronchiolitis 
Influenza 

Key words (2) 
 (Each keyword 

combined using “OR”) 
Hospitalisation 
Hospitalisation  
rate 
Surveillance 
Admission 
Temporal trends 

 

Key words (3) 
(Each keyword 

combined using “OR”) 
Children 
Infants 
First year of life 
Preschool  
Young 
Neonates 

0-12 months of age 
“AND” 

Respiratory 
tract infections 

Hospitalisation 
rate 

76 papers identified combining the three major key words 
and after review of title and abstract 

28 papers exported into 
EndNote library 

15 manuscripts finalised 
from search strategies 

6 studies included from 
bibliographic search  

48 papers excluded 
26 did not have hospitalisation rate 
data  
22 no data on ≤1 year olds 

“AND” 

13 papers excluded after full 
paper review 

21 studies reported data for ARI 
hospitalisation in the first year of life were 
included in the literature review 
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Of these 76 articles, 28 studies were imported into the endnote library manager after title and abstract 

search confirmation. The 48 studies that were not included, while reporting data on respiratory tract 

infections incidence and prevalence, did not include actual data on hospitalisation rates, and/or did not 

contain data on the population age range of interest, namely the first year of life. Following review of the 

manuscript content a further 13 studies were excluded, primarily because the manuscript described risk 

factors or predictors of hospitalisations due to respiratory tract infections without actual hospitalisation 

incidence data. Thus 15 studies were identified from this literature search. Six additional studies were 

identified through bibliographic searches of studies included in the review. A total of 21 studies were 

therefore included in this section of the literature review.  

5.2.2 Combining the hospitalisation data 

A meta-analysis was performed to get summary estimates for each decade in each region. Pooled 

estimates and 95% confidence intervals (CI) were reported for each decade and region. Random effect 

models were used (DerSimonian-Lard method) (209) because of the heterogeneity in the data. ARI 

hospitalisation rates between each decade were compared statistically using measures of heterogeneity.  

5.2.3 Study characteristics 

Study region and time interval 
The 21 manuscripts (208, 210-227, 228, 348) identified through the literature search that reported data 

on ARI hospitalisations of children in their first year of life were grouped into publications that reported 

data collected from within each WHO region (Americas, European, Eastern Mediterranean, South-East 

Asian, Western Pacific and African). These 21 studies were further categorised according to the decade 

during which the study was conducted. Decade categories used were 1973-1980, 1981-1990, 1991-2000 

and 2001-2011 (Table 5.1). Eighty-six percent (18/21) of the studies were conducted from 1990 onwards. 

There was one publication in the Americas Region that reported ARI hospitalisation data in 1980 and 

1996 (indicated by asterisks* in Table 5.1). This publication has been indicated in the respective time 

interval but counted only once. There was no publication found in the 1981-1990 time interval, so this 

category was taken out. 

Table 5.1: Number of studies reporting ARI hospitalisation in children ≤1 year of age in each WHO region 
according to decade during which studies were conducted. 

WHO region Study year Total 1973-1980 1991-2000 2001-2011 
Americas 2* 5* 4 10 
European 1  2 3 
Eastern Mediterranean 0 0 0 0 
South-East Asian  1 1 2 
Western Pacific  2 3  5 
African   1 1 
Total 3 7 11 21 

The number of studies was unevenly distributed by WHO region: Americas (10), European (3), South 

East Asian (2), Western Pacific (5), and African (1) (Table 5.1). No studies or hospitalisation data were 

found for the Eastern Mediterranean region. Hospital admission rates in these 21 studies have been 
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reported in persons per 1,000, persons per 10,000 and in persons per 100,000. To enable comparison 

between studies all hospitalisation data were expressed as persons per 1,000.  

5.2.3.1 Study type summary by WHO region (Table 5.2) 

5.2.3.1.1 Americas region 

Ten studies were conducted in the Americas region that reported data on ARI hospitalisation rates in the 

first year of life (208, 210-218). Of these ten studies, 8 reported data from regionally representative 

samples (208, 210, 212, 214-218). Within these 8 studies, there were 3 studies that reported data on 

infant ARI hospitalisation rates in population sub-groups: Alaska Native living in the Yukon Kuskokwim 

Delta region of Alaska (212, 218), and Inuit children living on Baffin Island, Canada (213). The rates 

reported by these 3 studies (212, 213, 218) were higher than were reported in the general infant 

population. 

Seven of the 10 studies from the Americas region reported hospitalisation rates due to specific ARI 

diagnoses (208, 210-213, 216, 217). Three of the seven studies reported hospitalisation rates for 

bronchiolitis (208, 213, 216), three for respiratory illnesses caused by RSV infection (211, 212, 217) and 

one for illnesses caused by influenza infection during infancy (210). In the latter study the rates of 

hospitalisation for acute cardiopulmonary conditions were determined in healthy children over 19 

consecutive years and the variance in these rates that was attributable to influenza virus over the time 

period (210). 

5.2.3.1.2 European region 

All three studies from the European region reported data from regionally representative samples (219-

221). The first study reported hospitalisations rates for bronchitis or pneumonia, with the rate reported for 

these two diseases combined (219). Although hospitalisation rates for upper ARI were also investigated 

these data could not be abstracted for the ≤1 year old age group. The second European region study 

reported hospitalisations due to any respiratory tract infection as a subset of hospitalisations for all 

infectious diseases (220). The third study reported hospitalisation rates of bronchiolitis in the first year of 

life (221).  

5.2.3.1.3 South-East Asian region 

The two studies from the South-East Asian region were conducted on population samples that were 

representative of regional populations (222, 223). These two studies reported hospitalisations due to 

specific causes of ARI: Influenza (222) and RSV (223). In the former study, hospitalisation data was 

presented for three years: 1997, 1998 and 1999 (222). In this study from Hong Kong, adjusted 

hospitalisation rates were calculated for 1997 because, the influenza and RSV seasons overlapped in 

that year, in contrast to the situation in most years where the seasonal distribution of illness caused by 

infections with influenza or RSV were generally separated (222). 

5.2.3.1.4 Western Pacific Region 

The five studies from the Western Pacific region, three from New Zealand and two from Australia (224-

227, 348) all used samples representative of the regional populations. The three studies from New 

Zealand (225, 226) and (227), used the National Minimum Dataset (hospital records of children) and the 
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ICD diagnostic codes contained in these records to identify ARI hospitalisations. The first of these studies 

reported on a specific lower respiratory disease (pneumonia) in children 0-14 years old in North, West 

and Central Auckland) (225) and reported pneumonia hospitalisation rate data for children <2 rather than 

<1 year old. The second (226) and third New Zealand study (227), reported ARI hospitalisation rates for 

all of New Zealand by combining the data from the different District Health Boards in New Zealand in 

children 0-14 years old. Bronchiolitis hospitalisation rates for children 0 to 1 years old were reported as a 

separate discrete piece of data in these studies (226, 227). The first Australian study identified respiratory 

cases using population based data from the Australian Data Linkage System (224). The study reported 

lower ARI hospitalisation rates and then, within this category, pneumonia and bronchiolitis hospitalisation 

rates. The second Australian study (n=9295) (348) described the incidence of lower respiratory tract 

infection and bronchiectasis hospitalisations in indigenous infants living in the Northern Territory in the 

first year of life. The study utilised ICD-10AM codes to identify lower ARI and bronchiectasis cases and 

radiogically confirmed pneumonia cases. 

Table 5.2: Categorisation of all the studies that reported incidence of ARI hospitalisations by study type. 

Studies 

Type of studies 
Regionally* 

representative 
sample 

ARI disease 
burden high 
relative to 

national data 

Hospitalisation 
due to specific 

diagnosis of ARI 
Complications of 
ARI in high risk 

patients 
Americas Region 

Neuzil, 2000      
Shay, 1999      
Fischer, 1997  not clear    
Singleton, 2006      
Banerji, 2001  not clear    
Griffin, 2004      
Hall, 2009      
Hasegwa, 2013      
Karron, 1999      
Verani, 2013      

European Region 
Harlap, 1974      
Kamper, 2006      
Green, 2015      

South-East Asian Region 
Chiu, 2002      
Naira, 2013      

Western Pacific Region 
Moore, 2007      
Grant, 1998      
Craig, 2007     
O’ Grady, 2010     
Craig, 2013      

African Region 
Nokes, 2008      

* Samples were representative of the region within which the study was conducted  

5.2.3.1.5 African region 

The one African study (228) conducted in a rural coastal area of Kenya on 637 children, was 

representative of the regional population. The study participants’ hospital records were used to generate 

data on nasal wash specimen results, RSV antigen test results, whether symptoms of lower ARI were 

present (increased respiratory rate for age, intercostal indrawing, and inability to feed, reduced 
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consciousness level or hypoxia or doctor diagnosed lower ARI). This study observed hospitalisation for 

all cause lower ARI, severe lower ARI and hospitalisations attributed by RSV. 

It is not known what proportion of the ARI hospitalisations were from chronic ARI.  Two studies utilised 

(208, 210) ICD codes for chronic respiratory tract infections for the identification of cases but none of the 

studies specifically reported rates of hospitalisations for chronic versus acute respiratory tract infections 

and, some children included will have had underlying chronic lung disease for example from being born 

prematurely. 

Ideally it is better to categorize and compare rates of hospitalisation for general ARIs and ARI of specific 

aetiology. I was very limited in what I was able to do because of the limited data that was available. There 

were only three studies: two in the Americas region (214, 217) and one in the European region (220) that 

reported rates for all ARIs. The remaining studies all reported on more specific respiratory disease 

syndromes. For the purpose of this review, all hospitalisations resulting from ARIs or more specific 

respiratory syndromes were grouped together to create a broad global overview. 

5.3 Acute respiratory infection case definitions (Table 5.3) 

Twenty of the twenty one studies used ICD-diagnostic discharge codes from the hospital records of 

children to identify those admitted in their first year of life with an ARI (208, 210, 212-228, 348). The one 

exception was a study from the Americas region which used positive RSV culture results to define acute 

respiratory infection cases (211).  

Of the 20 studies that used ICD-diagnostic codes, six studies also used laboratory data that reported the 

results of RSV antigen testing, nasal and throat swabs and nasopharyngeal aspirates to complement and 

confirm cases identified through the ICD-10 codes (212-215, 218, 228). Of these six studies, one study, 

in addition to the ICD-codes and nasal and throat specimen laboratory data also used parent-reported 

data to confirm the presence of an acute respiratory infection (215). 

Of the 20 studies that utilised ICD-codes, studies also used clinical signs and symptoms of ARI to define 

cases (218, 223), and one study used ICD codes, RSV antigen testing and clinical symptoms of ARI to 

define and confirm hospitalised cases (228). 

It is clear that there is a lack of standard ARI case definition and this limits the capacity for comparison 

between studies. A few studies that relied on ICD diagnostic codes have described potential issues 

created by changes in diagnostic coding (ICD-9 to ICD-10), some used lab results, symptoms and vital 

signs or a combination of each of these types of data to identify cases. However, it is difficult to comment 

on the extent of the influence of case definitions on ARI rates presented in this review. 
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Table 5.3: Description of tools used to identify ARI hospitalised cases by the studies included in the 
review. 

WHO Region  

Tools used 
Major diagnostic test Additional Tests 

ICD-discharge 
diagnosis codes Lab results Symptoms recorded 

on hospital records 

Parent-
reported 

symptoms 
Americas 9 5 1 1 
European 3    
South-East Asian 2  1  
Western Pacific 5    
African 1 1 1  
Total 19 6 3 1 

5.4 ARI hospitalisation rates by WHO region in children <1 year old (Table 5.4) 

The 21 studies that have reported ARI hospitalisation rates in first year of life (208, 210-227, 348) enrolled 

children from 1973 to 2011 and were published from 1974 to 2015 (Table 12). 

5.4.1 Americas region 

1. Neuzil et al. New England Journal of Medicine 2000. 

Rates of hospitalisations for acute cardiopulmonary conditions were compared during periods 

when influenza virus was and was not circulating, thus allowing the hospitalisation rate for acute 

cardiopulmonary conditions that was attributable to influenza to be estimated (210). The 

hospitalisation rate of children with cardiopulmonary conditions that was attributable to influenza 

was 56 per 1,000 in children <6 months old, 23 per 1,000 in children 6 to <12 months old and 10 

per 1,000 in children 1 to <3 years old (210).  

2. Shay et al. JAMA 1999. 

Using national hospital survey discharge data the bronchiolitis hospitalisation rates in children <5 

years old living in the US from 1980 to 1996 were estimated (208). Hospitalisation rates for 

bronchiolitis in infants (<1 year) increased significantly over the 16-year period; from 13 per 1,000 

in 1980 to 31 per 1,000 in 1996.  

3. Griffin et al Paediatric Infectious Diseases Journal 2004. 

A vaccine surveillance network that included 140,000 children < 5 years, (nearly 1% of the U.S. 

population), was used to measure the impact of vaccines on the burden of acute respiratory 

illness in children younger than 5 years of age living in the US (214).  An ARI hospitalisation rate 

of 4 per 1,000 for children <6 months of age was reported by this study. Respiratory syncytial 

virus, influenza and parainfluenza viruses was identified in 30% of the hospitalised cases and 

other respiratory viruses in 36% (214). 

4. Hall et al. New England Journal of Medicine 2009. 

A prospective, population based surveillance was conducted of ARI amongst children under 5 

years of age in three US cities (Nashville, Rochester and Cincinnati) from 2002-2004 (215). 

Hospitalisation rates associated with RSV infection were calculated and reported as 17 per 1,000 

in infants <6 months of age and 3 per 1,000 for children <5 years old (215). 
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5. Hasegawa et al. Pediatrics 2013. 

National representative data that reported hospitalisation rates for bronchiolitis in US children <2 

years of age was examined for temporal trends in the time-period 2000-2009 (216).  Bronchiolitis 

hospitalisations rates in 0-11 month infants were reported as 31 per 1,000 in 2000 and 25 per 

1,000 in 2009, and in children 12-23 months as 18 and 15 per 1,000 respectively in the same 

time-period (216). 

6. Singleton et al. Paediatric Infectious Diseases Journal 2006. 

Hospital based surveillance was conducted on a population of children (<1 year of age) living in 

Yukon Kuskokwim (YK) Delta in Alaska (212). This population of Alaskan children is one of those 

considered to be at high risk of ARI. RSV and non-RSV causes of ARI hospitalisations in these 

children were investigated. RSV causes of ARI hospitalisations decreased from 178 per 1,000 in 

1994-1997 to 104 per 1,000 in 2001-2004 (p<0.001). In contrast, non-RSV causes of ARI 

hospitalisation rates in infants increased from 153 per 1,000 in 1994-1997 to 215 per 1,000 in 

2001-2004 (212). 

7. Verani et al. PloS One 2013. 

ARI surveillance was conducted in two hospitals in Guatemala across all age groups (217). 

Patients admitted with at least one sign of acute infection and one sign or symptom of respiratory 

illness were considered as an ARI hospitalised case. The study reported a hospitalisation rate of 

17 per 1,000 in infants (<1 year of age) (217). 

8. Karron et al. The Journal of Infectious Diseases 1999. 

A 3 year surveillance study was conducted that determined the rate of RSV infections requiring 

hospitalisation amongst infants (<1 year old) living in Yukon-Kuskokwim (YK) delta in 2009.  The 

annual rate of RSV hospitalisation was 159 per 1,000 in these Delta infants (218). 

9. Fisher et al. Pediatrics 1997. 

In an outpatient clinic situated in Nashville, Tennessee, A total of 1,113 children were followed 

during 20 consecutive respiratory syncytial virus (RSV) seasons (211). This study reported the 

rates of RSV contribution to ARI hospitalisations by age: 11 per 1,000 in 0-6 months, 8 per 1,000 

in 0-12 months and 6 per 1,000 in 0-24 months old (211). 

10. Banerji et al. Canadian Medical Association Journal 2001. 

Bronchiolitis hospitalisation rates were investigated in a population of Canadian Inuit children (<6 

months) living in Baffin Island (213). These children are also considered to be at high risk of ARI 

as had been described previously for indigenous Alaskan children (212). An annualised incidence 

rate of admission to hospital for bronchiolitis in these infants was reported as 484 per 1,000  

(213).  

ARI hospitalisation rates for the Americas region was provided for three decades: 1973- 1980 (210), 

1991-2000 (208, 211), and 2001-2011 (214-217). The hospitalisation rates for the Americas region from 

regionally representative samples for each decade were then combined and a single rate value for each 

decade calculated (Figure 5.2). Data from 3 studies were not included due to very high rates of 

hospitalisation compared to the national data (212, 213, 218). ARI hospitalisation rates for children in 

their first year of life in the Americas region during 1973-1980 was calculated to be 31 / 1,000 (95% CI: 

27-34), during 1991-2000 was 17 / 1,000 (95% CI: 15-24), and during 2001-2011 as 18.8 / 1,000 (95% 
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CI: 14-25). There was no statistical difference in ARI hospitalisation rates between 1973-1980 and 1991-

2000 (p=0.15) and between 1973-1980 and 2001-2011 (p=0.97) in the Americas Region. 

Figure 5.2: Graphical depiction of ARI hospitalisation rate in the first year of life for the Americas region. 

 

Data from three studies (212, 213, 218) were not included in this plot due to very high rates of hospitalisations reported for at risk 
populations (Alaska native infants and Canadian Inuit infants [Table 5.4]) 

5.4.2 European region 

Three studies in the European region have reported ARI hospitalisation rates in infants (219-221). These 

three studies enrolled children living in Israel, Denmark and England in the time-period 1974-2011 (219-

221). 

1. Harlap et al. Lancet 1974. 

This paper reported hospitalisation rates for bronchitis and pneumonia and upper ARI 

hospitalisation rates in Israeli infants (n=10,672) living in Jerusalem in their first year of life. The 

rates were reported to be 95 per 1,000 and 53 per 1,000 respectively (219). 

2. Kamper-Jorgensen et al. Archives of Disease in Childhood 2006. 

Temporal trends in infectious disease incidence of hospitalisation rates in Danish children from 

1980 to 2001 were determined using data from the Danish National Patient Registry (220). The 

hospitalisation rate for ARI in children 0 to 1 year old increased from 43 per 1,000 in 1980 to 97 

per 1,000 in 2001 (220). 

3. Green et al. Archives of Disease in Childhood 2015. 

Bronchiolitis hospitalisation rate in 2011 amongst infants (< 1 year of age) living in England was 

examined using data from the Hospital Inpatient Enquiry (HIPE) and Hospital Episode Statistics 

(HES), and Oxford Record Linkage Study (ORLS) (221). The hospitalised cases were identified 

from hospital records using the International Classification of Diseases diagnostic codes (221).  

The study reported 46 per 1,000 infants <1 year of age hospitalised with bronchiolitis in 2011.  
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The ARI hospitalisation rates amongst children in their first year of life in the European region 

were combined: One publication from 1973-1980 (219), and 2 publications from 2001-2011 (220, 

221). ARI hospitalisation rate for 1973-1980 was 69 /1,000 (95% CI: 64-72) and for 2001-2011 

was 71.5 /1,000 (95% CI: 68-74) when rates were combined together for the two decades (Figure 

5.3). For the European region no significant differences were found between ARI hospitalisation 

rates in the two decades (1973-1980 and 2001-2011) (p=0.96). 

Figure 5.3: Bar graph showing the rates of ARI hospitalisations in the first year of life for the European 
region 

 

5.4.3 South-East Asian Region 

In the South-East Asian region, two studies have reported the rates of ARI hospitalisations in children in 

their first year of life (222, 223). These two studies enrolled children living in Hong Kong (222) and 

Thailand (223). 

1. Chiu et al. New England Journal of Medicine 2002. 

A retrospective, population based study was conducted in children ≤15 years living in Hong Kong 

to estimate rates of hospitalisation due to influenza (222). The hospitalisation rates due to 

influenza in children <1 year of age was 28 per 1,000 in 1998 and 29 per 1,000 in 1999 (222). 

The study reported influenza hospitalisation rates that were approximately three times lower in 

1- <2 year old compared to <1 year old children (1- <2 year old children: 1998: 13 per 1,000; 

1999: 8 per 1,000) (222).  

2. Naorat et al. Journal of Infectious Diseases 2013. 

A population based surveillance was conducted in two provinces in Thailand during 2008-2011 

in order to describe the incidence of hospitalisations for RSV-associated lower ARI (223). The 

surveillance was conducted on populations across different age ranges. The highest rate of ARI 

hospitalisation of 16 per 1,000 was reported in <1 year olds (223). 

ARI hospitalisation rates in the South-East Asian children were reported only for two decades: 1991-2000 

(222, 223) and 2001-2011 (223). With the rates combined for each of the two decades, ARI hospitalisation 

rate during 1991-2000 was calculated to be 28.5 / 1,000 (95% CI: 25-31) and for 2001-2011 to be 16 
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/1,000 (96% CI: 13-20) (Figure 5.4). No significant difference was found in ARI hospitalisation rates 

between the two decades: 1991-2000 and 2001-2011 (p=0.25). 

Figure 5.4: Graphical projection of the rate of ARI hospitalisations in the first year of life for the South-
East Asian region. 

 

5.4.4 Western Pacific Region 

Five studies have reported ARI hospitalisation rates in children: two in <12 months of age (224, 348) and 

three between 0-14 years of age (225-227) in the Western Pacific region. 

1. Moore et al. Journal of Paediatrics and Child Health 2007. 

A retrospective analysis was conducted in a birth cohort to investigate temporal trends for ARI 

admission rates in children aged <12 months living in Western Australia (224). The study utilised 

linked population-based data using the Western Australian Data Linkage System in the time-

period 1990-2000. The study reported an ARI hospitalisation rate of 45 per 1,000 in these children 

(224). 

2. Grant et al. Journal of Paediatric and Child Health 1998. 

The epidemiology of hospitalisations for pneumonia from 1993-1996 was described in children 

aged 0-14 years living in North, West and Central Auckland (225). The annual hospitalisation 

rate in children <2 years of age was 5 per 1,000. 

3. Craig et al. 2007, 2013. 

ARI hospitalisation rates for all of New Zealand were described by combining the data from the 

different District Health Boards in New Zealand for children 0-14 years old in 2002-2006 (227) 

and 2006-2010 (226). Bronchiolitis hospitalisation rates of 70 per 1,000 (227) and 75 per 1,000 

(226) in children aged 0 to 1 year were reported as separate discrete pieces of data in both 

reports. In both the publications, admissions for viral and bacterial/non-viral/unspecified 

pneumonia admissions were reported in 0-14 year olds but this data was not included here as 

the inclusion criteria of having separate data for <12 months of age was not met. 
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4. Grady et al. 2010. 

A study in Australia (n= 9295) described the epidemiology of lower ARI and bronchiectasis in 

indigenous infants living in Northern Territory hospitalised in the first year of life (1999-2004) 

(348). The hospitalisation rate for lower ARI was reported to be 426.7 /1,000 (95% CI: 416.2-

437.2). 

ARI hospitalisation data was combined for 2 decades 1991-2000 (224) and 2001-2011 (226, 227). The 

overall ARI hospitalisation rate during infancy was found to be higher in 2001-2011 compared to 1991-

2000 in the Western Pacific region (Figure 5.5). The hospitalisation rate in 1991-2000 was 45 / 1,000 

(95% CI: 40-48) and in 2001-2011 was 72.5 / 1,000 (95% CI: 70-74). Significant difference was found 

between ARI rates observed in 1991-2000 and in 2001-2011 in the Western Pacific region (p=0.02). Data 

from 1 study on Australian Indigenous children were not included due to very high rate of hospitalisation 

(427 / 1,000) (348). 

Figure 5.5: Rate of ARI hospitalisations in the first year of life for the Western Pacific region. 

 

5.4.5 African Region 

1. Nokes et al. Clinical Infectious Diseases 2008. 

The incidence of RSV associated lower ARI hospitalisation rates in a population of children (<1 

year of age), living in a rural area of Kenya has been described (228). Hospitalisation rate in 

these 635 Kenyan infants has been reported to be 13 per 1,000 covering the time-period 2002 to 

2003 (228).  

5.5 Global comparison of infant ARI hospitalisation rates (Figure 5.6) 

Hospitalisation data from the six WHO regions were plotted in order to present a summary of temporal 

trends over the past 3 decades. Given the very limited number of publications from most of the WHO 

regions that have described ARI hospitalisation rates during infancy these summary data need to be 

considered to only represent a very broad overview.  
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In comparison to the other regions, ARI hospitalisation rates in the Americas region, where 10 of the 21 

published studies were performed, hospitalisation rates were slightly lower in 2001-2011 than in 1973-

1980. Similarly for the South-East Asian region, the hospitalisation rates in 2001-2011 were slightly lower 

than rates in 1973-1980.The European region on the other hand did not show as much fluctuation 

between the three decades with a 2% increase in ARI hospitalisation rates from 1973-1980 to 2001-2011. 

Large differences between decades were seen in ARI hospitalisation rates in the Western Pacific region 

with a 62% increase in ARI hospitalisation from 1991-2000 to 2001-2011. 

However, these assumptions are based on only 2 publications from the South-East Asian region (222, 

223), only 3 publications from the European region (219-221) and 4 publications from the Western Pacific 

region (224-227). 

Figure 5.6: A comparison of ARI hospitalisation rates in the different WHO regions using the time-frame 
categories. 

 

5.6 Discussion  

This review attempted to describe the global incidence of hospitalisation due to ARI in infants (<1 year 

old). The few published studies from all but the Americas region result in a review which has considerable 

limitations. Wide variability was evident in the ARI hospitalisation rates between different WHO regions 

and over time within several regions. It is apparent from this review that hospitalisation resulting from ARI 

in children 0-12 months of age are prevalent in the six WHO regions and have increased over time in two 

(European, Western Pacific) of the four regions with sufficient data (3 publications) to enable temporal 

trends to be described. There was no data available for children in the Eastern Mediterranean region and 

very limited data was available for the South-East Asian and African regions.  

The findings of my review are consistent with a review conducted to estimate the incidence of admissions 

and deaths from ARI in children <5 years old in the six WHO regions from 1990 to 2012 (229). This review 

by Nair et al, 2013 (229) included 89 publications of which 19 publications were on  neonates, 28 from 
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unpublished findings, 14 from China that were translated, with the remaining 28 publications included 

hospitalisation data for children from birth to age <5 years.  

For my review, I only included data from published studies, in English language and publications reporting 

data on children <1 year old. With this restriction, we were only able to find 21 publications which is 

consistent with the Nair review including 19 manuscripts reporting data on neonates. The review by Nair 

et al, 2013 acknowledged that children <1 year of age are more vulnerable to ARI with hospitalisation 

rates in neonates and children (0-11 months) being 1.3 to 3 times higher than the overall rate in children 

aged 0-59 months. The review by Nair reported a 40% increase in incidence of admissions for very severe 

ARI in children in their first year of life from 2007 to 2010 (229). In comparison to the Nair study, the 

current review observed a 24% decrease in ARI hospitalisation rates for the Americas Region from 1973-

1980, a 2% increase for European region from 1973-1980 to 2001-2011, a 28% decrease for the South 

East Asian region from 1991-2000 to 2001-2011 and a 62% increase for the Western Pacific region from 

1991-2000 to 2001-2011. 

The ARI hospitalisation rates in the most recent decade in children (0-12 months) in the Americas region 

19 per 1,000, in the European region 72 per 1,000, in the South-East Asian region 16 per 1,000, in the 

Western Pacific region 73 per 1,000 and 13 per 1,000 in the African region. The incidence of severe ARI 

hospitalisation in children <1 year in 2010 reported by Nair study (229) was 46 per 1,000 for the American 

region, 14.2 per 1,000 for the European region, 27.9 per 1,000 for the Eastern Mediterrean region, 48.1 

per 1,000 for the South-East Asian region, 43 per 1,000 for the Western Pacific region and 50.8 per 1,000 

for the African region.  

The changes over time in ARI rates reported in the literature and presented through this review are likely 

to be influenced by several things including improvements in nutrition, in case management, in 

vaccination but also in better surveillance in both clinical and laboratory.  Improvements in nutrition, in 

case management, and in vaccination have all contributed to the decreases that occurred in recent years 

in deaths from pneumonia in preschool aged children (349). 

Several other methodological factors limit the capacity to create an accurate global summary of ARI 

hospitalisation rates during infancy. For the Americas region, there is wide variability in population studied 

and precise definitions of various categories of admissions (high risk populations, children admitted with 

cardiopulmonary conditions that are attributed by influenza). The former may have contributed to a high 

ARI hospitalisation rate in the Americas region as reported by Nair (229). I have not included the three 

publications on high risk populations in this region (212, 213, 218). The three studies from the European 

region were from Jerusalem, Denmark, and England. The high rates maybe mainly due to the 

demographics of the population studied. For the South-East Asian and African regions, the ARI 

hospitalisation rates provided in this review of 16 / 1,000 and 13 / 1,000) for the most recent decade seem 

to be underestimated. The presence of many factors such as poverty, wide variability to healthcare 

seeking behaviour and access to quality health care in these two regions may have left many ARI cases 

undetected and unreported. For the Western Pacific regions, data is mainly available from Australia and 

New Zealand and ARI data from neighbouring Melanesian, Polynesian and Micronesian populations are 

underreported. Once again there is huge challenge in these countries with access to quality health 
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services and inefficient data collection tools. With the inclusion of data from these non-European 

countries, the ARI hospitalisation rates during infancy in the Western Pacific region will be better 

represented.  

The major limitation faced during the review for most of the regions was lack of availability of data in the 

0-12 month age group. More research should be focussed on this age group due to high vulnerability of 

ARI hospitalisations in this age group.  
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Table 5.4: Description of studies that reported rates of ARI hospitalisation by WHO region. 

Year Country 
Age 

Sample 
size 

Study aim Case definition for enrolment 
Hospitalisation rate 
(persons/year) per 

1,000 
Reference 

Americas Region 
1973-1993 Tennessee 

USA 
<15 years 
n=2 million 

To determine influenza related 
complications of 

cardiopulmonary conditions. 

Healthy children followed to capture those 
hospitalised with cardiopulmonary conditions 

attributed by influenza 

56: age <6 months   
 23: age 6-<12 

months  
 10: age 1-3 years 

Neuzil,2000 
(210) 

1980-1996 USA <5 years 
 

To describe rates of 
bronchiolitis-associated 

hospitalisation 

Children younger than 5 years of age who were 
hospitalised with bronchiolitis. 

13: age <1 year 1980 
31: age <1 year 1996 

Shay, 1999 
(208) 

1997 USA <5 years 
n= 1,113 

To calculate hospitalisations 
due to RSV by following 
children with signs and 

symptoms of ARI  

Children with laboratory diagnosed positive RSV 
infection 

11: age 0-6 months    
8: age 0-12 months    
6: age 0-24 months    

Fisher,1997 
(211) 

1994-2004 Alaska 
USA 

<3 years To describe the trends over 
time in lower ARI and RSV 

hospitalisations  

Hospital based surveillance was conducted (lab 
results and ICD-codes from medical records) were 

used to identify cases with RSV and non-RSV 
causes (lower ARI)  

178: RSV 1994-1997:  
153: Lower AR 

104: RSV 2001-2004  
215: Lower ARI 

Singleton 
(212) 

1997-1998 Inuit 
 

<6 months 
n=27 

To identify all those infants 
admitted with lower ARI on 
Baffin Island in study period 

ICD-discharge codes were used to identify cases of 
lower ARI. Lab results from nasal and eye aspirates 

were used to confirm cases. 

484: bronchiolitis Banerji 
(213) 

2000-2002 USA  <5 years A surveillance study conducted 
to identify the burden of ARIs  

Nasal and throat swabs were obtained for viral 
culture and PCR at the time of ARI admission. 

Medical records reviewed after discharge. 

4: age <6 months 
18: age <5 years 

Griffin 
(214) 

1993-1996 Alaska <1 year To determine the rate and 
severity of RSV infections 
requiring hospitalisations 

Nasopharyngeal aspirate was obtained for viral 
isolation and RSV antigen detection. Those with 
positive culture were identified as confirmed as 

cases. Data from medical records were obtained.  

159 Karron 
(218) 

2000-2009 USA <5 years 
n=5,067 

To conduct a population based 
surveillance of ARI 

Cases were identified through caregiver interviews 
and validated with information on the medical 
records and lab data at the time of admission. 

17: age<6 months   
3: age <5 years 

Hall 
(215) 

2000-2009 USA <2 years 
n=544,828 

To examine temporal trends in 
national incidence of 

hospitalisations due to 
bronchiolitis 

Children’s inpatient database was used to identify 
the cases. ICD diagnostic code J466.1 was used to 

screen for cases. 

31: age 0-11 mths 
2000 

18: age <2 years     
 25: age 0-11 

mths:2009 
15: age <2 years       

Hasegwa 
(216) 

2007-2011 Guatemala <1 year 
n=3,694 

To conduct ARI surveillance in 
2 hospitals in Guatemala 

Children admitted with at least one sign and 
symptom of ARI was treated as an ARI case. 

 17 Verani 
(217) 
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Table 5.4: Description of studies that reported rates of ARI hospitalisation by WHO region. (continued) 

Year Country Age 
Sample size Study aim Case definition for enrolment Hospitalisation rate 

(persons/year) per 1,000 Reference 
European Region 

1974 Israel First year of 
life 

n=10,672 

To describe hospital admissions 
from ARI. 

Hospital records of first 365 days of life (with 
ICD diagnostic codes). The first 3 ICD-

codes were used to screen for ARIs 

 95: Bronchitis or 
pneumonia 

Harlap 
(219) 

1980-2001 Denmark  0-5 years 
n=1892,711 

To study temporal trends in the 
incidence of hospitalisations due 

to infection 

ICD-discharge diagnosis code on the 
Danish National Patient Registry using first 
admissions only was used to identify ARI 

cases. 

 43: 0-1 year 1980 
 97: 0-1 year 2001 

Kamper 
(220) 

2004-2011 England <1 year To report an analysis of hospital 
admission rates for bronchiolitis. 

Cases were identified using ICD-discharge 
diagnostic codes 

 46: 2011 Green 
(221) 

South-East Asian Region 
1997-1999 Hong Kong <15 years To determine rates of 

hospitalisation for ARI associated 
with influenza. 

Children who were assigned ICD discharge 
codes (J460, or J480-J487) at admission 

were identified as cases 

 28: <1 year 1998 
 29: <1 year 1999 

 13: 1-<2 years 1998 
 8: 1- <2 years 1999 

Chiu 
(222) 

2008-2011 Thailand <5 years 
n=13,982 

To describe the incidence and 
epidemiology of ARI (RSV 
causes) hospitalisations 

An ARI case was defined as having one or 
more signs and symptoms of respiratory 

illness at the time of admission. 

 16: <1 year 
 10: <5 years 

Naorat 
(223) 

Western Pacific Region 
1993-1996 New Zealand 0-14 years 

n=136,263 
To describe the epidemiology of 

pneumonia 
Cases were identified from hospital 

discharge database using ARI ICD- principal 
discharge codes. 

 5: <2 year Grant, 
1998 
(225) 

1999-2000 Western Australia <12 months 
n=270,071 

To investigate temporal trends in 
ARI admission rates 

ICD-diagnostic codes were used to identify 
cases. Only Principal diagnosis codes were 

used. 

45 Moore 
(224) 

1999-2004 
 

Northern Territory 
Australia 

0-12 months 
n=9295 

To describe the epidemiology of 
lower ARI and bronchiectasis 

ICD-diagnostic codes were used and 
radiogically confirmed pneumonia cases 

427 O’ Grady 
(348) 

2006-2010 New Zealand 0-14 years To describe the health status of 
NZ children 

National Minimum Dataset with acute and 
arranged hospital admissions with ICD-10 

primary diagnosis of ARI was used. 

 70: 0-1 year 2002-2006 
 75: 0-1 year 2006-2010 

  Bronchiolitis 

Craig, 
2007 
Craig, 
2010 

(226, 227) 
African Region 

2002-2003 Kenya <1 year 
n=635 

To characterise disease burden 
attributable to RSV 

Hospital discharge diagnosis codes linked to 
lab results and symptoms recorded during 

admission 

 13: Lower ARI Nokes 
(228) 
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Chapter 6: Literature Review – Part 5 

 

Risk factors for acute respiratory tract infection (ARI) 
hospitalisations in the pre-school aged population 

particularly in the first year of life 

  

Risk factors for ARI 
hospitalisation in the 

first year of life 

Household factors 

Perinatal and infant 
Factors 

Maternal demographics 

 Nutrition and nutritional 
related factors 
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6.1 Introduction 

Acute respiratory infections (ARI) are a leading cause of morbidity and mortality worldwide, 

disproportionally affecting younger children (230). Around 156 million new episodes of ARI occur 

worldwide every year and 20-40% of these ARI episodes result in hospital admission (206, 231). Nearly 

two million children under five years of age died as a result of such infections in 2008 (206). The 

identification of factors associated with the risk of hospital admission with an ARI in young children is 

necessary for the formulation of more effective policies and strategies to improve early childhood 

respiratory health globally (230). 

The aims of this chapter are: 

1. To identify risk factors for hospitalisation with an ARI during early childhood specifically but not 

limited to the first year of life. 

2. To determine which of these risk factors are important globally and which appear to be important 

at a more regional level. 

6.2 Method 

6.2.1 Search strategy 

A systematic literature review was conducted to identify risk factors for ARI hospitalisation in infants. As 

this thesis is focussed on ARI during infancy, the intention was to identify published studies that identified 

risk factors for hospitalisation with ARI during the first year of life. Because the published epidemiological 

studies that have included data on infants have used a variety of age ranges, it was necessary to initially 

use a broader age range to identify potentially relevant literature. The age range chosen was birth to <5 

years of age. 

Three databases: Medline (Ovid), Embase and Cochrane library were searched for relevant papers. The 

search was limited to the 1980- 2016 timeframe. The search was grouped into four categories with 

keywords used specific to each category (Table 6.1). The four search categories were: ‘respiratory tract 

infection’, ‘hospitalisation’, ‘risk factors’ and ‘age group’. The search was restricted to English language 

and human studies. The results obtained from individual searches within each category were combined 

using the Boolean operator “OR”. Once individual search results within each of the four categories were 

completed, the search results of each category were combined using ‘AND” (Table 6.1). A comprehensive 

list of MeSH terms was created within each of the four search categories: ‘respiratory’, ‘hospitalisation’, 

‘risk factors’ and ‘age group’ (Table 6.1). These terms were initially searched separately from each other 

and then combined with ‘or’ for searches within each category and combined with ‘and’ for searches that 

combined categories.  
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Table 6.1: Search and mesh terms used to identify peer reviewed publications about risk factors for 
hospitalisation during infancy with an acute respiratory infection 

Major ID Search Term used MeSH terms 
Respiratory Pneumonia 

or  
Respiratory tract infection  

or  
Bronchitis  

or 
Pneumococc* 

or 
Respiratory syncytial virus  

or 
Bronchiolitis 

or 
Haemophilus 

or 
Influenza 

exp respiratory tract infections / upper respiratory 
/ lower respiratory tract  

infections or exp haemophilus infection / exp 
pneumonia / or exp otitis media / or respiratory 
syncytial virus infection / or exp bronchiolitis / or 

rotavirus infection /or exp influenza 

Hospitalisation Hospitalisation 
or 

Admission 
or 

inpatient 
or 

NMDS 

exp hospitalisation / or exp admission /or exp 
NMDS/ or exp inpatient / or exp ICD codes 

Risk factors Predict* 
or 

determinants 
or 

risk factors, 
or 

Association 
or 

relationship 

exp birthweight or adj3 low birthweight / exp 
gestational age or adj3 premature / ethnicity or 

adj3 race / socio-economic 
status or adj3 income, class, / crowding 
or adj3 siblings, lack of sleeping space / 

day-care or adj3 care outside home / 
immunisation or adj3 vaccine / nutrition 

or adj3 malnutrition, or stunting or  
vitamin*, or breastfeeding 

Age group Children  
or 

Infants 
or 

Preschool  
or 

First year of life 
or 

Early childhood  

exp children / or infan* / or exp preschool / or exp 
first year of life / or 
exp early childhood 

6.2.2 Study describing risk factors of ARI hospitalisations 

Published manuscripts specifically relating to ARI hospitalisations of children in the first year of life and 

that used a cohort or case-control design were identified. Only those publications that described the 

associations of factors with the risk of ARI hospital admission using odds ratios (ORs) and 95% 

confidence intervals (CIs) were included. Publications that reported associations using “p values” only 

and those that reported association between ARI hospitalisation and a particular risk factor but with no 

actual OR and 95% CI values were not included in the review.  

An initial review of titles and abstracts was undertaken followed by an in-depth review of full papers 

identified by the tittle and abstract review. Studies were not included in the review if they: (1) were non-

human studies, (2) not written in English, (3) reported data on risks factors of ARI but not for ARI 

hospitalisation. 
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6.2.3 Study identification and selection 

From the initial search of the three databases (Medline Ovid, Embase and Cochrane library), 120 studies 

were identified (Figure 6.1). Seventy three papers from these 120 studies were excluded following title 

and abstract review. These studies were excluded because data was reported on risk factors of ARI and 

not ARI hospitalisation and were not on the age group of interest (first year of life). The remaining 47 

studies were exported into the EndNote reference manager. After a complete published manuscript 

review of these 47 studies, 19 more were excluded as these did not report associations using ORs and 

95% CIs. Thus 28 publications were identified from the data base search. Through bibliographic searches 

of these 28 publications, 11 additional studies were identified. In total, 39 publications were included in 

the review.  

6.3 Study characteristics  

6.3.1 Study region  

The 39 publications (101, 218, 230, 232-268) identified through literature search that reported risk factors 

of ARI hospitalisations in early childhood were grouped by the World Health Organization (WHO) global 

region of the study (Americas, Europe, Eastern Mediterranean, South-East Asian, Western Pacific and 

African).  

6.3.2 Target study populations (Table 6.2) 

Sixteen of the publications reported data from studies where the study sample included children in their 

first year of life (≤1 year of age) (101, 234, 236, 237, 241, 242, 244, 248-251, 254-256, 264, 265). Twenty-

three studies reported data for a wider preschool age range but the lower age limit still allowed the 

inclusion of children in their first year of life. The age groups that were reported by these 23 studies were: 

≤2 years (233, 235, 238, 239, 246, 247, 252, 258, 261, 263), <3 years (218, 232), <4 years (243), and <5 

years (230, 240, 245, 253, 257, 259, 260, 262, 266, 267).  

6.3.3 Disease outcomes considered (Table 6.3) 

Seven ARI disease outcomes were considered by the 39 studies. These ARI outcomes were pneumonia, 

bronchiolitis, bronchitis, lower ARI, ARI in general with no indications of type of ARI, contribution of 

respiratory syncytial viral (RSV) to ARI, and infections in general with ARI being a subset of this. Sixteen 

manuscripts described risk factors for lower ARI (101, 230, 232, 236, 238-240, 242, 246, 248, 252, 261-

264, 266); eight manuscripts described risk factors for ARI (234, 249, 251, 253, 254, 256, 258, 267), 

seven manuscripts described risk factors for pneumonia (245, 247, 250, 257, 259, 260, 265), four 

manuscripts described risk factors for respiratory illnesses caused by RSV (218, 233, 235, 244), two 

manuscripts described risk factors for infections including ARI (237, 255), one manuscript described risk 

factors for bronchiolitis (241) and one manuscript described risk factors for bronchitis (243). In summary 

the most common respiratory disease outcome considered was lower ARI with a total of 25 out of the 39 

studies (67%) reporting on this outcome; 16 for any lower ARI and nine for specific lower ARI syndromes 

(pneumonia, bronchiolitis/ bronchitis). 
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Figure 6.1: Flow diagram describing the literature search and number of included and excluded studies. 
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initial Medline, Embase and 
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after abstract review 
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search of the 27 studies 
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47 full texts reviewed 

33 excluded  
after title review 

28 studies confirmed to be 
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19 excluded 
after full texts review 

39 studies were included in the final 
review 
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6.3.4 Reporting of risk factors 

The number of publications on risk factors for ARI was unevenly distributed by WHO regions with 72% of 

studies from the Americas (n=17) and the European (n=11) regions and the remaining 28% from Eastern 

Mediterranean (n=1), South-East Asian (n=3), Western Pacific (n=6) and African (n=1) regions.  

Table 6.2: Number of published studies that described risk factors for ARI hospitalisation by WHO region 
and age group. 

Age group 
investigated 

WHO regions 
Americas European Eastern 

Mediterranean 
South-East 

Asian 
Western 
Pacific 

African 

≤1 year 8 6   2  
≤2 year 4 3 1  2  
<3 years 2      
<4 years  1     
<5 years 3 1  3 2 1 
Total studies 17 11 1 3 6 1 

Table 6.3: Number of published studies that described risk factors for ARI hospitalisation by WHO region 
and respiratory disease outcome. 

6.3.5 Consideration of the different risk factors (Table 6.4) 

The risk factors ARI hospitalisation during infancy were categorised into four groups: (1) maternal 

demographics, (2) perinatal and infant factors, (3) nutrition and nutritional related factors, and (4) 

household and environmental factors. The majority of the studies considered maternal demographic 

(31%), perinatal and infant (31%); and nutritional (26%) risk factors for ARI hospitalisations during infancy 

with household and environment considered in a smaller proportion of the studies (12%). 

Table 6.4: Consideration of risk factors for ARI hospitalisation in four different categories: maternal 
demographics, perinatal & infant, nutritional status and household & environment by WHO region. 

Risk Factors 
considered 

Number of studies in WHO Regions 
Americas Europea

n 
Eastern 

Mediterranean 
South-East 

Asian 
Western 
Pacific African 

Maternal 
demographics 12 10 1 3 5 1 

Perinatal and infant 14 9 1 2 5 1 
Nutritional status 13 4 1 3 5 1 
Household & 
environment 5 3  2 2  

Respiratory 
disease 
outcomes 

WHO Regions 

Americas European Eastern 
Mediterranean 

South-
East 

Asian 
Western 
Pacific African Total 

Pneumonia  4   1 1 1 7 
Bronchiolitis   1     1 
Bronchitis   1     1 
Lower ARI 9 2 1 2 2  16 
ARI 3 2   3  8 
RSV ARI  1 3     4 
Infection  2     2 
Total studies 17 11 1 3 6 1 39 
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6.3.5.1 The different categories of risk factors considered (Figure 6.2) 

Fourteen maternal demographic factors were considered: these were: maternal age, ethnicity, parity, 

educational status, smoking during pregnancy, alcohol use during pregnancy, prenatal vitamin or mineral 

use, weight gained during pregnancy and maternal history of asthma or respiratory illnesses; and 

socioeconomic status, family or household income, occupational status, urban or rural dwelling, 

household structure. 

Twelve perinatal and infant factors were considered. These were infant age at admission, gender, 

ethnicity, birthweight, gestational age, birth-season, admission-season, day-care attendance, 

immunisation status, previous allergies and previous ARI, anthropometric measurements and time spent 

outside. 

Eleven nutrition and nutrition-related factors were considered. These were breastfeeding and specifically 

exclusive breastfeeding versus partial and bottle-feeding and duration of breastfeeding; choking after 

feeding, vomiting after feeding, type of milk consumed, introduction of liquids other than milk, introduction 

of solids, types of oil or fat in the diet, serum vitamin D (25(OH)D) concentration, and presence of 

malnutrition. 

Ten household factors were considered. These were crowding, presence of siblings (number and age 

particularly <5 years), passive tobacco exposure through smokers in the house, presence of pets in the 

house, mould odour in the house, presence of mould/mildew in the house, whether the house was heated 

and the type of heating used (electric, bottled gas, wood, main gas, coal, solar and other), condensation 

and dampness in the house and cooking source (burning firewood for cooking, and having woodstove in 

the house). 

6.3.6 Variation in the definition of the different risk factors 

Significant variation between publications was evident in the definitions used for various risk factors. The 

more important of these variations are listed below. 

Low birth weight was defined in two studies in Europe (Spain and Denmark) as < 3000 g, (235, 237), by 

3 studies in the Americas region (Brazil) (230, 242, 247), 1 in European region (Spain) (233) and 2 in the 

South East Asian region (Sri Lanka and India) (240, 257) as ≤2500g. Preterm gestation was defined as 

a gestational age of <28 weeks by 1 study in Australia and 1 study in Europe (Turkey) (234, 236). Wide 

variation in the definition of preterm birth used within the European region was apparent: 1 study in 

Denmark reported as ≤32 weeks (235), 1 study in Spain as <33 weeks (233), 1 study in UK as <34 weeks 

(244), and 1 study in Sweden as <35 weeks (243). There were also some studies where preterm birth 

was not otherwise specifically defined (232, 238).  

Breastfeeding has been defined as either duration of breastfeeding or whether child was ever breast-fed 

or not. Cut-offs used for the duration of breastfeeding were <3 months (243), <4 months (240, 248, 249), 

and ≥4 months (252). Five studies assessed whether children who were not breast-fed were at greater 

risk of ARI hospitalisations than children who were breast-fed (237-239, 241, 250). Vitamin D deficiency 

has been defined as a serum 25(OH)D concentration: <22.5 nmol/L (259), <25 nmol/L (101, 258) and 

<30 nmol/L (260). 
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Definitions of household crowding also varied. Crowding was defined as living in a house with ≥2 people 

per room (232, 240), >5 persons living in the same house (239), 6-9 persons living in the same house 

(230) and just the term “overcrowding” to define the situation (241, 244, 245, 257).  

Figure 6.2: The categorisation of risk factors for ARI hospitalisations that were considered in the 39 
studies included in this systematic review. 

 
 
 
 
  

Maternal Demographics                  
1. Maternal age 
2. Ethnicity 
3. Parity 
4. Maternal education 
5. Maternal smoking 
6. Alcohol use during pregnancy 
7. Prenatal vitamin /mineral use 
8. Socioeconomic status 
9. Family income 
10. Occupation 
11. Rural /urban dwelling 
12. Household structure 
13. Weight gained during pregnancy 
14. History of asthma or respiratory illness 

Household variables            
1. Crowding 
2. Presence of siblings (number and age) 
3. Presence of smokers in the house 
4. Presence of pets in the house 
5. Mould odour in the house 
6. Presence of mould / mildew in the house 
7. Heating and type of heating of house 
8. Condensation in the child’s room 
9. Dampness in the house 
10. Cooking source (firewood and 

woodstove) 
 

Perinatal and infant variables  
1. Age 
2. Gender 
3. Ethnicity  
4. Birthweight 
5. Gestational age 
6. Birth season (winter) 
7. Admission season (winter) 
8. Day care attendance 
9. Immunisation status 
10. Previous allergies and ARI 
11. Anthropometric measurements 
12. Time spent outdoors 

 

Nutrition and nutrition-related   
Variables 

1. Exclusivity of breastfeeding 
2. Breastfeeding duration 
3. Infant formula feeding 
4. Choking after feeding 
5. Vomiting after feeding 
6. Type of milk consumed 
7. Introduction of liquids other than milk 
8. Introduction of solids 
9. Types of oil or fat in the diet 
10. Serum 25OHD concentration 
11. Malnutrition 

OUTCOME 
Hospitalisation from ARI 
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Studies investigating whether having a sibling increased the risk of ARI hospitalisation defined the 

situation as: presence of siblings in the house (237), older siblings in the house (236), an age difference 

of 0-5 years between siblings (235), and siblings <5 years of age (241). 

Anthropometric or malnutrition variables were defined as ‘lower weight-for-height’ (245) and as ‘lower 

height-for-age’ (244).  

Recurrent infections were defined as: previous chest infection (17), respiratory infection in the first two 

years of life (253), a history of wheeze (240), and >5 URTIs in the first 18 months of life ( (243). 

6.4 Risk Factors identified in the Americas Region (Table 6.5) 

Seventeen publications from the Americas region have reported risk factors for ARI hospitalisations in 

young children (<5 years of age). Eight of these 17 studies reported data in children during their first year 

of life (242, 248-251, 254, 264, 265). Of the remaining nine studies, four included children ≤2 years old 

(238, 239, 247, 261), and two on children <3 years (218, 232) and three on <5 years respectively (230, 

259, 266). 

Ten studies reported risk factors for lower ARI hospitalisations (230, 232, 238, 239, 242, 248, 254, 261, 

264, 266), four reported pneumonia as a respiratory disease outcome (247, 250, 259, 265), one risk 

factors for ARI hospitalisations caused by RSV (218) and two on infections in general with ARI being a 

subset of this (249, 251).  

All 17 publications identified from the Americas region were case-control studies. Five enrolled children 

living in Brazil (230, 242, 247, 250, 265), five in Canada (232, 239, 259, 261, 266), and seven in the 

United States, two from several states (248, 254); two from one US state: Alaska (218, 232); and one 

each from New York (251), Atlanta (238), Boston (264). The size of samples enrolled in each of these 

studies ranged from 49 to 2,970.  

Twelve out of the 17 studies considered maternal demographics as risk factors for ARI hospitalisations 

(230, 232, 238, 239, 242, 247-250, 259, 261, 264). The demographic variables investigated by these 

studies were: maternal age (230, 242, 247, 249, 250, 264), maternal education (230, 242, 247, 248, 250, 

261), parity (250), ethnicity (247, 261), weight gained during pregnancy (250), mothers’ cigarette smoking 

behaviour during pregnancy (230, 232, 239, 248, 249, 261, 264), alcohol use during pregnancy (230), 

maternal history of respiratory illness (264), socioeconomic status (249) and family income (230, 242, 

247, 250, 264). 

Fourteen studies investigated perinatal and infant variables as risk factors for ARI hospitalisations (218, 

232, 238, 239, 242, 247, 249-251, 259, 261, 264-266). These factors were infant age (247, 251, 265, 

266), gender (232, 238, 242, 247, 250, 251, 259, 261, 264, 266), ethnicity (239, 242, 259, 261, 264), 

birth-weight (2,30 238, 242, 247, 249, 259, 264), gestational age (218, 232, 238, 239, 242, 259, 261), 

season of birth (247, 264), day-care attendance (238, 247, 249, 259, 264), immunisation status (232, 

238, 249, 259, 261), previous ARI (232, 238, 242, 247), and anthropometric measurements including 

height, weight, and length-for-age (247). 
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Nutrition and nutrition-related factors was assessed in 13 studies (232, 238, 242, 247-251, 254, 259, 261, 

264, 265). These variables were: breastfed or not (238, 239, 248, 250, 259, 264), breast-fed versus bottle-

fed (232, 249, 251, 254), exclusively breast-fed or not (232, 239, 247, 250, 251, 261), breast-feeding 

duration (242, 248, 251, 254), choking after feeding (232), vomiting after feeding (232), type of milk 

consumed (247, 250), and malnutrition (265). 

Household and environmental factors were considered by ten studies (230, 232, 238, 239, 242, 247, 259, 

261, 264, 266). These factors were: crowding (230, 232, 239, 242, 247, 261, 266), presence of visible 

mould and mildew in the house (232, 264), presence of siblings in the house including number and age 

(230, 264), child shares room at night including sleeping space (230, 238, 264) and passive exposure to 

tobacco smoke (230, 232, 238, 242, 247, 259, 261, 266).   

The independent risk factors for ARI hospitalisation during infancy identified from the multivariate 

analyses of the studies performed in the Americas region were:  

6.4.1 Maternal demographics 

The risk of ARI hospitalisation was increased for infants with mothers who were younger (230, 247), or 

had less education (242, 247), or smoked during pregnancy (239, 261), or were of non-Caucasian and 

specifically were of indigenous ethnicity (261), or had poorer socioeconomic status including no income 

or an income <USD $30,000/year (230, 242).  

6.4.2 Perinatal and infant factors 

Risk of ARI hospitalisation was increased for infants of younger age (age <2 months) (218, 261, 265, 

266), male gender (264), non-Caucasian and specifically Inuit ethnicity (239, 259), low birth-weight (230, 

242, 247), premature gestation including <35 weeks, <36 weeks, <37 weeks (218, 238, 242), born in 

winter (264), non-immunisation (249), day-care attendance (238, 247, 264), history of ARI (238, 247) and 

low weight-for-age (247).  

6.4.3 Nutrition and nutrition-related factors 

Risk of ARI hospitalisation was decreased for those exclusively breastfed (232, 239, 247-251). Risk of 

ARI hospitalisation was increased for infants who had no breastfeeding, or a shorter duration of exclusive 

breastfeeding including <3 months or <6 months (251, 254), or vomiting after feeding (232), or 

malnutrition (265).  

6.4.4 Household and environmental factors 

Risk of ARI hospitalisation was increased for infants living in households where there was overcrowding 

(230, 247, 261, 266); including >2 people sleeping in the same room as the child (238), presence of 

siblings in the home and specifically if siblings are <5 years old and if there were 2 or more siblings (264), 

presence of mould or mildew inside home (264), and passive exposure to tobacco smoke (259, 261, 266). 
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Table 6.5: Characteristics and main results from studies that described risk factors for ARI hospitalisations in children 0-<5 years in the Americas region.  

Country Study Year Age group Sample 
size (n) 

Number of risk factors for ARI hospitalisations and numerical code for each 
risk factor considered*  Author Reference 

no. Maternal 
Demographics 

Perinatal & 
Infant 

Nutrition & nutrition-
related 

Household 
variables Americas Region 

New York 1978 0-3 months 136 1    Fallot251  
USA 1980-1984 0-1 year 1022 3    Ball & Wright248  
Canada 1982-1983 0-6 months 776 1    Beaudry249  
Atlanta 1988 <2 years 102  5, 8, 9, 10  1 Andersen238  
Brazil 1990 <2 years 510 1, 4 4, 8, 10, 11 1, 7 1 Victora247  
USA 1992-1993 6 months 148   2  Hoey & Ware254  
Brazil 1993 0-1 year 152   1, 8  Cesar250  
Alaska 1993-1996 <3 years   1, 5   Karron218  
Brazil 1997-1999 0-5 years 2970  1 11  Nascimento265  
Boston 2003 0-1 year 505  2, 6, 8  2, 6 Stark264  
Brazil 2004 0-1 year 152 4, 8 4, 5   Riccetto242  
Canada 2005-2006 1-25 months 129 2, 5 1  1, 3 Roth261  
Alaska 2006-2007 <3 years 314  10 3, 5 10 Bulkow232  
Canada 2007 <5 years 49  1  1, 3 Kovesi266  
Brazil 2007-2008 0-5 years 321 1, 9 4  1, 10 Cardoso230  
Canada 2007-2008 <5 years 197  3 10 3 Leis259  
Banerji 2009 <2 years 101 5 3 1  Banerji239 

*For each of the categories refer to Figure 6.2 for numberings within each category or refer to the numberings given below 
Maternal demographics: 1=age, 2=ethnicity, 3=parity, 4=education, 5=smoking, 6=alcohol use, 7=prenatal mineral / vitamin use, 8=socioeconomic status, 9=family income, 10=occupation, 
11=rural / urban dwelling, 12=household structure, 13=weight gain, 14=history of ARI 
Perinatal & infant factors: 1=age, 2=gender, 3=ethnicity, 4=birthweight, 5=gestational age, 6=winter birth season, 7=winter admission season, 8=daycare attendance, 9=immunisation status, 
10= recurrent ARI and allergies,   11=anthropometric measurements,   12=time spent outdoors 
Nutrition & nutrition related: 1=exclusive breastfeeding , 2=breastfeeding duration,  3=infant formula feeding,  4=choking after feeding,  5=vomiting after feeding,  6=type of milk consumed, 
7=introduction of liquids other than milk,   8=introduction of solids, 9=types of oil or fat in the diet, 10=serum 25(OH)D,  11=malnutrition 
Household variables: 1=crowding,   2=presence of sibling (age and number), 3=smokers in the house, 4=pets in the house, 5=mould odour in the house,   6=presence of mould in the house, 
7=heating and source of heating the house,   8=condensation in the child’s room, 9=dampness in the house, 10=cooking source 
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6.5 Risk Factors identified in the European Region (Table 6.6) 

Eleven studies from the European region have investigated risk factors for ARI hospitalisation in the 

preschool aged population (101, 233, 235-237, 241, 243, 244, 255, 258, 267). 

Six of these studies were of children in their first year of life (101, 236, 237, 241, 244, 255), three studies 

enrolled children 0 to <2 years old (233, 235, 258), one enrolled children 0 to <4 year old (243) and one 

enrolled children 0 to <5 years old (267). Two were conducted in Spain (233, 237), two in Finland (258, 

267), two in Turkey (101, 236), and one each in the UK (244), Sweden (243), Denmark (235), Greece 

(255) and Italy (241). 

The respiratory disease outcomes considered by these eleven studies were ARI (258, 267), lower ARI 

(101, 236), bronchitis (243), bronchiolitis (241), RSV contribution to ARI (233, 235, 244) and infection in 

general (237, 255).  

Ten studies considered maternal demographic variables as risk factors for ARI hospitalisation (101, 233, 

235-237, 241, 243, 244, 255, 267). These factors were: maternal smoking during pregnancy (235, 237, 

241, 243, 267), 267, maternal education (101, 237, 241, 250, 255, 267), maternal age (101, 233, 241, 

255), socioeconomic status (236), family income (250), weight gain during pregnancy (250), household 

structure (267), parity (237, 244), family history of respiratory illness (241, 244) and living in rural versus 

urban areas (233, 236). 

Nine studies investigated perinatal and infant factors as risk factors of ARI hospitalisation (101, 233, 235-

237, 241, 244, 255, 267). These factors were: age (101, 233, 235, 244, 255), gender  (101, 233, 235, 

237, 241, 244, 255, 267), ethnicity (255), month or season of birth (101, 233, 235, 244, 255), gestational 

age (101, 233, 235-237, 241, 244),  birth-weight (233, 235, 236, 237, 241), anthropometric measurements 

at birth (101, 241), day-care attendance including types of day-care (41), and previous ARI (236, 241, 

244). 

Four studies considered nutrition and nutritional-related factors as ARI hospitalisation risk factors (237, 

241, 255, 258). These variables included: breast-feeding or not (241), exclusive versus partial 

breastfeeding (255), duration of breastfeeding (237)  and serum 25(OH)D concentrations (101, 258).  

Household factors as risk factors of ARI hospitalisation were investigated by three studies (236, 241, 

267). The risk factors considered were: type of heating used in the house (236), crowding including 

number of rooms, number of occupants and number of siblings (235, 236, 237, 241, 244),passive smoke 

exposure (236, 244, 267), presence of moisture in the house (267), visible mould in homes (267), and 

presence of mould odour in the house (267).  

The independent risk factors for ARI hospitalisation during infancy identified from the multivariate 

analyses of the studies performed in the European region were:  
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6.5.1 Maternal demographics  

Risk of ARI hospitalisation was increased for infants with mothers who were younger (233), or who 

smoked during pregnancy (267), or did not use vitamin or mineral supplements during pregnancy (101), 

or were of lower socioeconomic status (236).  

6.5.2 Perinatal and infant factors 

Risk of ARI hospitalisation was increased for infants of younger age (235, 244), male gender (235, 241), 

premature gestation (235, 236, 244), or low birth-weight  (233, 235, 237), birth-winter season  (101, 233), 

previous ARI (244) 

6.5.3 Nutrition and nutritional related factors  

Risk of ARI hospitalisation was increased for infants who were not exclusively breast-fed (237, 255), or 

were full breast-fed for <4 months (237), or had serum 25(OH)D concentrations less than <50 nmol/L (20 

ng/ml) (101, 258).  

6.5.4 Household factors  

Risk of ARI hospitalisation was increased for infants living in households where there was a mould odour 

(267), siblings <5 years of age (235-237, 244), or passive exposure to tobacco smoke (236, 244). 

6.6 Risk Factors identified in the Eastern Mediterranean Region (Table 6.6) 

Only one study was identified from the Eastern Mediterranean region (263). This was a prospective study 

of 206 children living in Saudi Arabia in which the relationship between cord blood 25(OH)D concentration 

and subsequent risk of lower ARI in the first two years of life was determined. The medical records of 

these children were reviewed to identify all ARI cases (263). The ARI cases included children who were 

hospitalised but also some children assessed at the hospital but not admitted to the inpatient service.  

Factors considered in the multivariate analyses in this study were: demographic variables (maternal age, 

vitamin D supplementation during pregnancy and history of maternal asthma); perinatal and infant factors 

(gender, gestational age, and birthweight) and cord blood 25(OH)D concentration as a nutritional factor. 

For infants living in the Eastern Mediterranean region independent associations with an increased risk of 

ARI hospitalisation were evident for a maternal history of asthma, male gender, shorter gestational age 

of <37 weeks and cord blood 25(OH)D concentrations of <30 nmol/L. Risk of ARI hospitalisation was 

decreased for infants of women who had received vitamin D supplementation during pregnancy (263). 

6.7 Risk Factors identified in the South-East Asian Region (Table 6.6) 

Three studies investigated risk factors for ARI hospitalisations in the South-East Asian region (240, 257, 

262). These three studies were conducted on population aged 0 to <5 years (240) and 2-60 months (257, 

262) and conducted in Sri Lanka (240), and India (257, 262).  

The Sri Lankan study was a case control study of 100 hospitalised children compared with 100 children 

non-hospitalised control children matched on age (240). The second study (n=200) was performed on 

children aged 2-60 months living in India and hospitalised with pneumonia (257). The third study in this 
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region was a hospital based case-control study of 80 children hospitalised with an ARI compared with 70 

control children who were healthy and not matched with cases (262). The study investigated whether 

vitamin D deficiency (defined as 25(OH)D concentration <22.5 nmol/L) was a risk factor for lower ARI 

hospitalisation (262). 

Maternal demographics investigated by these three studies were: maternal age (240), education (240, 

262), living in rural versus urban areas (240), occupation (240) and income (240). Perinatal and infant 

factors considered were: age (257), gender (240), ethnicity (240), birth-weight (240, 257), gestational age 

(240), history of respiratory illness (240), height and weight for age Z score (240, 262), and immunisation 

status (240, 262). Nutrition and nutritional-related factors that were of interest to these studies were 

exclusively breastfed or not (257, 262), duration of breastfeeding (240, 262), time to introduction of 

formula food (240), age at introduction of liquids other than milk (262), age at introduction of solids (262) 

and vitamin D status (<22.5 and <50 nmol/L) (262). Finally household factors that were considered 

included: crowding including average persons per room and >2 sharing sleeping space with child (240), 

passive smoke exposure (240, 257) and presence of pet in the house (240). 

In the studies performed in the South-East Asian region, independent associations were present with the 

risk of ARI hospitalisation for variables describing perinatal and infant characteristics: male gender (240), 

lower birth weight (240), height for age <2 SD (240, 262), and history of wheezing (240); child nutrition: 

lack of exclusive breastfeeding (257), or breastfeeding for <4 months (240, 262) and serum 25(OH)D 

concentration <22.5 nmol/L (262); and household factors: exposure to passive smoking (240), >2 people 

sharing sleeping space with the child (240), having more than 1 pet (240), and overcrowding (257).  

6.8 Risk Factors identified in the Western Pacific Region (Table 6.6) 

Six studies in the Western Pacific region investigated risk factors for ARI hospitalisation (234, 245, 246, 

252, 253, 256). The age groups these studies focussed on were ≤1 year (234, 256), ≤2 years (246, 252) 

and <5 years (245, 253). The respiratory illnesses of primary focus were lower ARI (246, 252) and 

specifically pneumonia (245) and ARI in general (234, 253, 256). 

Factors considered were: maternal demographics (smoking in pregnancy (234, 253, 256), maternal, age 

(234, 246, 256), education (256), socioeconomic class (234, 245, 246), and parity (234), perinatal & infant 

factors: (age (245), gender (234, 245, 253, 256, 262), gestational age (234, 246, 256), birth-weight (234, 

245), history of respiratory illness (234, 245, 253), ethnicity (234, 245, 246), anthropometric 

measurements [weight for age, height for age] (245), day-care attendance (245), and average time spent 

outside (245), nutrition and nutritional-related factors (exclusive breastfeeding versus bottle-feeding 

(252), breastfed or not (245, 253), duration of exclusive breastfeeding (234, 245, 252, 253, 256), types 

of fats included in the diet (253) and household factors (presence of siblings [age and number] (234, 245, 

253, 256), household crowding (245, 246), exposure through passive smoke (245, 246) dampness in the 

house (245), condensation in the child’s room (245), presence of mould in the child’s room (245), house 

heated or not (246)  and heating source (246). 

Independent association shown between maternal demographic factors and rates of ARI hospitalisations 

were lower socioeconomic class (234), maternal smoking during pregnancy (234), high deprivation (246). 
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Perinatal factors that showed significant associations were: gender (234), aboriginal race (234), spending 

less time outside (245), low birth weight (234), lower height per weight Z score (245), and history of 

allergy, recurrent infections or chest infections (245, 253). Nutritional factors that showed independent 

associations with the risk of ARI hospitalisation were: shorter exclusive breastfeeding duration (<6 

months) (234, 252, 256), exclusively bottle feeding (252), partial breastfeeding <6 months (256), never 

breastfed (253), diet containing high poly-unsaturated fats (253). Household factors that were 

independently associated with ARI hospitalizations were children living in overcrowding situations (245, 

246), presence of >2 siblings in the house (253), smoke exposure or child living in a house with cigarette 

smokers (245, 246), lack of heating (246) and presence of mould in the child’s bedroom (245). 

6.9 Risk Factors identified in the African Region (Table 6.6) 

A case control study was conducted in children living in Ethiopia (260). Cases were children younger than 

5 years admitted to the Ethio-Swedish Children’s Hospital during a 5-year period with a diagnosis of 

pneumonia (n=521) and controls (n=500) were matched for admission within 3 months of cases and age 

within 3 months and had no evidence of pneumonia. The study investigated whether the presence of 

rickets were associated with risk of pneumonia hospitalisation.  

Maternal demographic factors considered by this study were: household structure particularly family size, 

parity and maternal education. Age, gender, admission month, anthropometric measurements such as 

weight, height and head circumference at admission time and presence of health conditions particularly 

rickets were amongst the perinatal and infant variables considered. Months of exclusive breastfeeding, 

age of introduction of supplemental feeding was included as nutritional variables. Household factors such 

as number of rooms in the house and number of siblings in the house were considered (260). 

The study (260) reported rickets as important risk factor of hospitalisation due to pneumonia in the 

preschool aged population. The respiratory cases had 13 times higher incidence of pneumonia 

hospitalisation compared to controls after adjusting for family size, parity, crowding, and months of 

exclusive breastfeeding (13·37 [95% CI 8·08–24·22], p<0·001). 
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Table 6.6: Characteristics and main results from studies that described risk factors for ARI hospitalisations in children 0-<5 years in the European, East 
Mediterranean, South-East Asian and Western Pacific regions.  

Country Study Year Age group Sample 
size (n) 

Study 
design 

Number of risk factors for ARI hospitalisations and numerical code for 
each risk factor considered* 

Reference Maternal 
Demographics 

Perinatal & 
Infant 

Nutrition & 
nutrition-related 

Household 
variables European Region 

Denmark 1990-1994 <2 years 1252  5 1, 2, 4, 5, 6  1, 2 Nielsen235  
Finland 1993 <5 years 2568     5 Jakkola267  
Sweden 1994 4months-years 199  5    Rylander243  
Spain 1996-1999 0-1 year 1385   4 1, 2 2 Talayero237  
Spain 1996-2000 0-2 years 357  1 4, 5   Cilla233 

UK 1999-2000 0-1 year 999   1, 5, 10  2 Carbonell244  
Finland 2000-2001 0-2 years 284    10  Jarrtti258  
Greece 2004-2005 0-1 year 926    1  Ladomenou255  
Turkey 2005 0-1 year 25  7 7 10  Karatekin101 

Italy 2009-2012 0-1 year 2314  7 2, 10 1 1, 2 Lanari241  
Turkey 2011-2012 0-1 year 234  8, 11 2, 5  2, 3, 10 Oncel236 

Eastern Mediterranean Region      
Saudi Arabia 2008-2011 0-2 years 206  1, 2, 7, 14 2, 5 10  Wahab263 

South-East Asian Region      
Sri Lanka 1996 <5 years    2, 4, 10 1, 11 1, 3, 4 Dharmage240  
India 2002 <5 years 150   11 1, 10  Wayse262  
India 2004-2006 2-60 months 200    1 1 Tiewsoh257  

Western Pacific Region      
New Zealand 1977 0-2 years 3546    2, 3  Fergusson252  
Australia 1989-1992 0-1 year 2602    2  Oddy256  
Australia 1990-1991 0-1 year 225  5, 8 2, 3, 4 2  Elder234  
Australia 1995 3-5 years 974   10 1, 9 2 Haby253  
New Zealand 2002-2004 <5 years 490  14 10, 11, 12  1, 3, 6 Grant245  
New Zealand 2007 <2 years 465  8 3  1, 3, 7 Trenholme246  

African Region      
Ethiopia 1989-1993 <5 years 1021  3, 12  1, 10 1 Muhe260  

*For each of the categories refer to Figure 6.2 for numberings within each category or refer to the numberings given below 
Maternal demographics: 1=age,   2=ethnicity, 3=parity, 4=education,   5=smoking,   6=alcohol use,   7=prenatal mineral / vitamin use, 8=socioeconomic status, 9=family income, 10=occupation, 
11=rural / urban dwelling, 12=household structure, 13=weight gain, 14=history of ARI 
Perinatal & infant factors: 1=age,   2=gender, 3=ethnicity, 4=birthweight, 5=gestational age, 6=winter birth season, 7=winter admission season, 8=daycare attendance, 9=immunisation status, 
10= recurrent ARI and allergies,   11=anthropometric measurements,   12=time spent outdoors 
Nutrition & nutrition related: 1=exclusive breastfeeding,  2=breastfeeding duration , 3=infant formula feeding,  4=choking after feeding,  5=vomiting after feeding,  6=type of milk consumed, 
7=introduction of liquids other than milk,   8=introduction of solids, 9=types of oil or fat in the diet, 10=serum 25(OH)D,  11=malnutrition 
Household variables: 1=crowding,   2=presence of sibling (age and number), 3=smokers in the house, 4=pets in the house, 5=mould odour in the house,   6=presence of mould in the house, 
7=heating and source of heating the house,   8=condensation in the child’s room, 9=dampness in the house, 10=cooking source 
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6.10 Risk factors of ARI hospitalisation at a WHO global regional level (Tables 6.7 & 6.8) 

This section briefly describes risk factors of ARI hospitalisation at a regional level particularly using the 

odd ratios to rank the independent risk factors. Odds ratios describing the association of each factor with 

the risk of ARI hospitalisation within each region were derived from the studies included in this review 

from their multivariate analyses (Table 6.7). If there was more than one publication for a particular risk 

factor then the ORs and CIs for that risk factor were combined using weighted sum average (269).  

The odds ratio for each independent risk factor identified in each region has been categorised as <1, 1-

<2, 2-<3 and ≥3 (Table 6.8). This simplified approach, whilst not allowing for consideration of the 

confidence intervals of the estimate does enable an overview of the relative importance of each factor 

within and between regions to be considered. This helps to see which risk factors are important at a 

regional level. 

From Tables 6.7 and 6.8, the maternal demographic factors with the largest odds ratios in the Americas 

region were maternal smoking during pregnancy (OR in the >3 range), and maternal history of ARI (OR: 

2-3); in the European region: maternal age (OR: 2-3), and poor socioeconomic status (OR: 2-3), and in 

the Western Pacific region maternal history of ARI (OR: 2-3).  

The perinatal and infant characteristics with the highest odds ratios in the Americas region were child 

indigenous ethnicity; in the European region prematurely born and child indigenous ethnicity; in the South-

East Asian region recurrent ARI infections in children; in the Western Pacific region daycare attendance 

and ethnicity. The odds ratios for all these variables were greater than 3. 

For nutrition and nutritional-related variables: in the Americas region low vitamin D status and in the 

European region low vitamin D status and lack of exclusive breastfeeding. The odds ratios values for all 

these variables were greater than 3. 

Household variables with the largest odds ratios in the Americas region were overcrowding and presence 

of mould in the house; in the European region presence of dampness and presence of siblings in the 

house; in the South-East Asian Region passive exposure to tobacco smoke through smokers in the 

house; and in the Western Pacific region household crowding and presence of dampness in the house. 
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Table 6.7: Multivariate results consisting of the odd ratios and confidence intervals derived from studies 
that described risk factors for ARI hospitalisation.  

Independent risk factors 
identified from multivariate 
analysis 

WHO region 

American European South-East 
Asian 

Western 
Pacific 

Maternal demographic variables 
Maternal age  2.4 (1.8-3.3)   
Maternal smoking in pregnancy 4.0 (1.1-14.6)* 1.6 (1.4-1.9)   
Maternal history of ARI 2.2 (1.3-3.8)*   2.7 (1.8-3.9) 
Poor Socioeconomic status  2.8 (1.5-5.2)*   
Non-urban community  1.3 (1.1-1.7)   

Perinatal and infant variables 
Young age of child 2.6 (1.9-3.1)*    
Male gender  1.5 (1.1-2.0) 2.2 (1.2-3.9)* 1.4 (1.1-1.8)* 
Ethnicity (indigenous) 3.8 (1.1-12.8)* 3.3 (2.1-5.2)*  3.6 (3.0-4.3) 
Season of birth (winter)  1.9 (1.5-2.4)*  2.8 (1.6-3.4) 
Prematurity 2.6 (2.1-3.2) 3.7 (2.8-4.8)  1.3 (0.9-1.7)* 
Low birth weight  1.9 (1.6-2.4) 2.6 (1.3-5.1)*  
Day care attendance 2.4 (2.2-2.7) 1.6 (1.1-2.2)*  3.9 (1.9-8.3) 
Lack of immunisation 1.4 (0.4-1.9)*    
Recurrent infection  2.6 (1.7-3.9) 10.5 (5.6-30.8)* 2.1 (1.6-2.9) 

Nutrition and nutrition-related variables 
Not breastfed  1.3 (0.54-3.32) 2.3 (1.61-3.18)  0.12 (0.01-1.3) 
Lack of exclusive 
breastfeeding 

1.4 (0.64-3.05) 17 (4.7-61.1) 1.8 (1.3-2.4)  

Duration of breastfeeding 0.44 (0.11-1.8)  1.9 (1.5-2.5) 0.58 (0.34-1.0) 
Low vitamin D status 4.9 (1.5-6.4)* 4.3 (1.1-17.7)* 1.1 (1.0-3.2)*  
Malnutrition  1.8 (1.1-3.6)*  1.3 (1.1-1.5) 

Household variables 
Overcrowding 1.9 (1.5-2.4) 1.9 (1.4-2.7) 2.6 (1.8-3.2)* 2.9 (1.3-6.4) 
Presence of siblings  2.1 (1.7-2.5) 2.4 (1.3-4.6)*  
Household dampness  3.8 (2.0-7.2)*  2.8 (1.5-5.5) 
Presence of mould 1.9 (1.2-2.9)*    
Smokers in the house  1.7 (1.3-2.2) 5.0 (1.7-14.6)* 2.0 (1.4-3.6)* 

*data from one study only 
Only 4 regions included in this table because one study from Eastern Mediterranean region (263) and one study from 
the African region (260) reported OR and CIs in graphs and actual values were not clear 
Different cut-offs used to define vitamin D deficiency and breastfeeding duration 

6.11 Importance of risk factors of ARI hospitalisation at a global level (Figures 6.3-6.6) 

A meta-analysis was conducted by using the summary statistics from each of the 39 studies (ORs and 

95% CIs) to calculate a weighted average for each risk factor across the studies. The summary statistics 

from each study was combined using random-effects models which incorporate an estimate of between-

study variation (heterogeneity) in the weighting. The data generated from the meta-analysis was reported 

using forest plots (Figures 6.3 - 6.6), in which results from each study are displayed as a square and a 

horizontal line, representing the association estimate together with its 95% confidence intervals. The area 

of the square reflects the weight that the study contributes to the meta-analysis. The combined-effect 

estimate and its confidence interval are represented by a diamond. 

The forest plots combined the data from each region and a pooled global OR value and 95% confidence 

interval was derived for each risk factor.  
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Table 6.8: Categorisation of the odd ratios and confidence intervals derived from studies that described risk factors for ARI hospitalisation based on odd ratio values 
of (<1, 1 to 2, 2 to 3, and >3). 

 WHO regions 
American European South-East Asian Western Pacific 

Demographic variables 
Odd ratio values 

Major risk factors identified through 
multivariate analysis <1 1-2 2-3 >3 <1 1-2 2-3 >3 <1 1-2 2-3 >3 <1 1-2 2-3 >3 

Maternal age                 
Smoking in pregnancy                 
Maternal history of ARI                 
Low socioeconomic status                 
Non-urban community                 

Perinatal / infant variables 
Young age of child                 
Male gender                 
Ethnicity (indigenous)                 
Season of birth (winter)                 
Prematurity                 
Low birth-weight                 
Day-care attendance                 
Lack of immunisation                 
Recurrent infection                 

Nutrition variables 
Not breast-fed                  
Lack of excl.* breastfeeding                 
Duration of breastfeeding                 
Low vitamin D status                 
Malnutrition                 

Household / environmental variables 
Overcrowding                 
Presence of siblings                 
Household dampness                 
Presence of mould                 
Smokers in the house                 
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The results from the forest plots for the demographic variables are as follows (OR, 95% CI): young 

maternal age (2.41, 1.76-3.31), and maternal smoking during pregnancy (1.63, 1.40-1.90) (Figure 6.3). 

For perinatal and infant factors the pooled results were: male gender (1.51, 1.26-1.80), low birthweight 

(2.03, 1.68-2.46), preterm gestational age (2.41, 2.09-2.77), ethnicity (3.60, 3.02-4.30), born in winter 

months (1.93, 1.68-2.21), day-care attendance (2.53, 2.11-2.62), and recurrent ARI (2.54, 2.02-3.21) 

(Figure 6.4). For nutritional factors the pooled global results were: not being breastfed at all (2.35, 1.70-

3.26), lack of exclusive breastfeeding (1.89, 1.46-2.45), shorter duration of breastfeeding (1.46, 1.15-

1.86) and vitamin D deficiency (2.27, 1.85-2.79) (Figure 6.5). For household factors the pooled results 

were: overcrowding (2.17, 1.87-2.51), presence of dampness in the child’s home (3.43 2.33-5.05), 

exposure to passive smoke through presence of smokers in the house (1.87, 1.49-2.34), and presence 

of siblings in the house that included siblings <5 years of age (2.08, 1.73-2.50) (Figure 6.6). 

According to the value of OR (Table 6.9), young maternal age is the most significant maternal 

demographic risk factor with an OR between 2 and 3 (2.41, 1.76-3.31). Child indigenous ethnicity was 

the only perinatal and infant variable with an OR value of >3. Prematurity, low birthweight, day-care 

attendance and recurrent infections all had OR values in the range 2 to 3. Among the nutritional variables 

vitamin D deficiency and not being breast-fed were the most strongly associated with both having OR 

values in the 2-3 range. Living in a damp house was the only household and environmental risk factor 

with an OR>3, with household crowding and presence of siblings in house both having OR in the range 

2-3. 

Table 6.9: Risk factors of ARI hospitalisation which are important at a global level with the odds ratio 
values categorised into 4 groups. 

Major risk factors from forest plots: Global 
overview 

Odd ratio values 
<1 1 to 2 2 to 3 >3 

Maternal demographic variables 
Young maternal age     
Maternal smoking during pregnancy     

Perinatal and infant variables 
Male gender     
Low birthweight     
Preterm gestational age     
Child indigenous ethnicity     
Born in winter months     
Recurrent respiratory infections     
Day-care attendance     

Nutritional variables 
Not breast-fed     
Lack of exclusive breastfeeding     
Breastfeeding duration     
Vitamin D deficiency     

Household and environmental variables 
Crowding     
Dampness in the house     
Child living with smokers     
Presence of sibling in the house     
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Figure 6.3: Forest plots developed for demographic variables using ORs and 95% CIs obtained from 
multivariate analyses of the studies included in the review. 
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Younger maternal age as a risk factor for ARI hospitalisation
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Figure 6.4: Forest plots developed for perinatal and infant variables using ORs and 95% CIs obtained 
from multivariate analyses of the studies included in the review. 
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Figure 6.4: Forest plots developed for perinatal and infant variables using ORs and 95% CIs obtained 
from multivariate analyses of the studies included in the review. (continued) 
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82 

Figure 6.4: Forest plots developed for perinatal and infant variables using ORs and 95% CIs obtained 
from multivariate analyses of the studies included in the review. (continued) 
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Figure 6.5: Forest plots developed for nutrition and nutrition-related variables using ORs and 95% CIs 
obtained from multivariate analyses of the studies included in the review. 
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Lack of exclusive breastfeeding as a risk factor for ARI hospitalisation

Variable definition: child was exclusively, partially or
not breast-fed
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Figure 6.5: Forest plots developed for nutrition and nutrition-related variables using ORs and 95% CIs 
obtained from multivariate analyses of the studies included in the review. (continued) 
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Vitamin D deficieny defined as: <22.5 nmol/L, <25 nmol/L,
<30 nmo/L
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Figure 6.6: Forest plots developed for household variables using ORs and 95% CIs obtained from 
multivariate analyses of the studies included in the review. 

 
  

Summary statistic 
Odds ratio (95% confidence interval): 2.17 (1.87-2.51) 

Summary statistic 
Odds ratio (95% confidence interval): 2.08 (1.73-2.50) 

Overall

6. European Region: Cardoso (230)

4. Americas Region: Cardoso (230)

9. Western Pacific Region: Trenholme (246)

3. Americas Region: Andersen (238)

8. South-East Asian Region: Tiewsoh (257)
7. South-East Asian: Dharmage (240)

1. Americas Region: Victora (247)

5. European Region: Lanari (241)

2. Americas Region: Kovesi (266)

Studies

2.17 (1.88, 2.51)

2.77 (1.42, 5.40)

2.40 (1.58, 3.65)

2.87 (1.31, 6.29)

1.93 (1.48, 2.52)

2.59 (1.92, 3.49)
2.38 (1.25, 4.54)

1.72 (1.04, 2.84)

1.64 (1.04, 2.58)

2.50 (1.06, 5.89)

OR (95% CI)

2.17 (1.88, 2.51)

2.77 (1.42, 5.40)

2.40 (1.58, 3.65)

2.87 (1.31, 6.29)

1.93 (1.48, 2.52)

2.59 (1.92, 3.49)
2.38 (1.25, 4.54)

1.72 (1.04, 2.84)

1.64 (1.04, 2.58)

2.50 (1.06, 5.89)

OR (95% CI)

  1.5 1 2 3 8

Overcrowding as a risk factor for ARI hospitalisation

Overcrowding definition: >=2 persons per room
>5 or 6-9 persons living in same house

Overall

3. European Region: Nielsen (235)

4. European Region: Lanari (241)

4. South-East Asian Region: Dharmage (240)

2. European Region: Oncel (236)

1. European Region: Talayero (237)

Studies

2.08 (1.73, 2.50)

1.76 (1.39, 2.23)

3.00 (2.00, 4.50)

2.38 (1.25, 4.54)

3.28 (1.19, 9.04)

2.04 (0.95, 4.38)

OR (95% CI)

2.08 (1.73, 2.50)

1.76 (1.39, 2.23)

3.00 (2.00, 4.50)

2.38 (1.25, 4.54)

3.28 (1.19, 9.04)

2.04 (0.95, 4.38)

OR (95% CI)

  1.5 1 2 3 10

Presence of sibling as a risk factor for ARI hospitalisation

Definition: presence of sibling (yes /no)
older siblings in the house, sibling <5 years old
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Figure 6.6: Forest plots developed for household variables using ORs and 95% CIs obtained from 
multivariate analyses of the studies included in the review. (continued) 

 
  

Summary statistic 
Odds ratio (95% confidence interval): 3.43 (2.33-5.05) 

Summary statistic 
Odds ratio (95% confidence interval): 1.87 (1.49-2.34) 

Overall

1. Americas Region: Kovesi (266)

3. European Region: Jakkola (267)

Studies

2. Americas Region: Stark (264)

4. Western Pacific Region: Trenholme (246)

3.43 (2.33, 5.06)

3.80 (2.00, 7.21)

9.60 (2.36, 39.06)

OR (95% CI)

2.85 (1.23, 6.60)

2.76 (1.43, 5.32)

3.43 (2.33, 5.06)

3.80 (2.00, 7.21)

9.60 (2.36, 39.06)

OR (95% CI)

2.85 (1.23, 6.60)

2.76 (1.43, 5.32)

  1.5 1 2 3 40

Dampness as a risk factor for ARI hospitalisation

Definition: presence of dampness in the house (yes/no)

Overall

4. South-East Asian Region: Dharmage (240)

1. Americas Region: Kovesi (266)

3. European Region: Oncel (236)

Studies

2. Americas Region: Leis (259)

5. Western Pacific Region: Grant (245)

1.87 (1.49, 2.35)

5.00 (1.71, 14.63)

1.51 (0.52, 4.38)

1.63 (1.04, 2.55)

OR (95% CI)

1.80 (1.27, 2.55)

2.02 (1.24, 3.29)

1.87 (1.49, 2.35)

5.00 (1.71, 14.63)

1.51 (0.52, 4.38)

1.63 (1.04, 2.55)

OR (95% CI)

1.80 (1.27, 2.55)

2.02 (1.24, 3.29)

  1.5 1 2 3 15

Passive smoke exposure as a risk factor for ARI hospitalisation

Definition: any smokers present in the house (yes / no)
Any household members smoked
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6.12 Vitamin D as a risk factor for ARI hospitalisation 

From this systematic review of risk factors for hospitalisations with an ARI during infancy, it is clear that 

low vitamin D status is an important global independent predictor of ARI hospitalisations during infancy 

or in the preschool aged populations. Two studies in the European region (101, 258), one study in Eastern 

Mediterranean region (263), and one in the South-East Asian region (262) have shown this important 

relationship. None of the studies which investigated this relationship were performed in the Americas or 

the Western Pacific region. Since this thesis is exploring whether low vitamin D status at birth increases 

the risk of ARI hospitalisation in the first year of life, this will be an important contribution to the literature 

for the Western Pacific region. 

6.13 Conclusion 

Factors describing maternal demographics, perinatal or infant variables, nutrition and nutritional-related 

variables and household variables are all independently associated with the risk of ARI hospitalisation 

during infancy. The majority of the published studies have focussed primarily on infant and perinatal 

variables as they are most immediately related to ARI hospitalisation during infancy. However, studies 

should also aim to explore more distal factors which have an effect on the risk of ARI hospitalisation 

during infancy, which are independent of these more proximal factors. Such factors describe maternal 

demographics, nutrition and household variables.   
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Chapter 7: Describing the cohort 

  

Growing Up in New Zealand 
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7.1 Growing Up in New Zealand Birth Cohort 

Growing Up in New Zealand (http://www.growingup.org.nz) is New Zealand’s new child cohort, which 

aims to describe what it is like for children to grow up in New Zealand today. This study was explicitly 

established to provide contemporary population-relevant evidence about the multi-disciplinary 

determinants of pathways towards health and development for children born in New Zealand in the 21st 

century (270). 

All pregnant women with an expected delivery date (EDD) between 25th April 2009 and 25th March 2010, 

who lived within the regions defined by the Auckland, Counties Manukau and Waikato District Health 

Boards (DHBs) were invited to take part in the Growing Up in New Zealand study. There were no other 

inclusion or exclusion criteria (271). In total 10,315 referrals of pregnant women were received (270). 

When contacted, 6,822 (66%) mothers consented to their children participating in ‘Growing Up in New 

Zealand’ study for 21 years. The cohort was thus created by the recruitment of 6,822 pregnant women 

and 4,401 of their partners during 2009 and 2010. The cohort consists of the 6853 children born to these 

6822 women who survived to age six weeks. The birth dates of the 6,853 cohort children were between 

March 2009 and May 2010 (272). At the time of the 4.5-year interview, 94% (6,413) of these children 

remained enrolled in the study. 

7.2 My PhD project is nested within Growing Up in New Zealand 

Within Growing Up in New Zealand, there are six domains of research interest: Health and Wellbeing; 

Psychosocial and Cognitive Development; Education; Culture and Identity; Family and Whanau; and the 

Societal Context and Neighbourhood Environment. My PhD project sits primarily within the Health and 

Wellbeing domain.  

Growing Up in New Zealand takes a holistic view of child development so, whilst health is one key area 

of interest, the study is designed to concurrently examine diverse developmental influences and their 

impact on child health and disease outcomes over time. Importantly, information about many possible 

confounders is collected at each of the Growing Up in New Zealand data collection waves. Thus Growing 

Up in New Zealand provides an excellent opportunity to assess relationships between early life exposures 

and subsequent health. Growing Up in New Zealand thus creates an excellent platform for my research 

project and provides a very cost effective approach to addressing the hypotheses that form the basis of 

my PhD thesis. 

The characteristics of Growing Up in New Zealand cohort that are of specific relevance to my research 

are: 

1. Generalizability to the national birth cohort. 

2. Diversity of the sample. 

3. Longitudinal study design with enrolment during pregnancy and data collected at different phases 

of the life course. 

4. Recruitment of the cohort from three DHB regions where the hospital admission rates in early 

childhood for diseases caused by respiratory tract infections is greater than the national average. 
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7.2.1 Generalizability to the national birth cohort 
Alignment of the birth parameters for the Growing Up in New Zealand cohort to those of all New Zealand 

births from 2007-2010 has been confirmed (273). No significant difference between the proportion of 

males and singleton births in the cohort to the national birth cohorts were found. There are small absolute 

differences in birth weight and gestational age between the enrolled cohort and the national birth cohort. 

Compared to national births from 2007 to 2010, a smaller proportion of the cohort children were of low 

birth weight (<2500 grams) (4.9% vs. 6.1%, p<0.0001) or of preterm gestation (<37 weeks) (6.4% vs. 

7.4%, p=0.001) (273). The statistically significant but small differences in birth weight and gestation are 

likely attributable to the requirement for cohort children to survive to age six weeks in order to become a 

cohort member. The alignment of the cohort to national data provides assurance that my PhD study is 

well placed to deliver findings that can inform policy development relevant to the contemporary child 

population of New Zealand in regards to nutrition and respiratory illness during infancy. 

7.2.2 Sample diversity 
The Growing Up in New Zealand cohort consists of children from a diversity of ethnic backgrounds (Table 

7.1). During the antenatal face-to face interview, the pregnant women were asked to state the intended 

ethnicity of their unborn children. At the first post-natal face-to-face interview, completed when the cohort 

children were 9 months old, the mothers were asked to describe their child’s ethnicity. From the data that 

was collected at the 9 month interview on the child’s ethnicity, 69% of the cohort were described by their 

mothers to be New Zealand European, 24% Maori, 21% Pacific peoples, 17% Asian, 3% Middle Eastern, 

Latin American or African (MELAA) and 4% belonged to other ethnic groups (272).  

Multiple selection of ethnic group category was possible during the interview. Multiple ethnicities were 

reported more frequently in the cohort children than in either of their parents (272). At the interview 

completed when the cohort children were 9 months old, multiple ethnicities were indicated for 

approximately 32% of children (n=2077), with 26% of children described as having two ethnicities, and 

372 children (5.8%) as having three or more ethnicities (272), compared to approximately 22% and 3% 

for the national data (274).  

From an ethnicity perspective the Growing Up in New Zealand cohort is slightly more diverse than national 

births. Comparison of ethnicity in Growing Up in New Zealand children to NZ births between 2007-2010 

showed that the cohort had larger proportions expected to identify as Pacific Peoples or Asian, and slightly 

smaller proportions as European or Maori (273). 

Table 7.1: Expected child ethnicity of the Growing Up cohort compared to national births (2007-2010). 

Ethnicity* 
Growing Up in New 

Zealand cohort 3 Births in New Zealand 4 
n= 6846 2010 (63,898) 2009 (62,499) 2008 (64,285) 2007(63,983) 

n % n % n % n % n % 
European 4,488 69 43,965 69 43,292 69 44,543 69 44,680 70 
Maori 1,549 24 18,458 29 18,027 29 18,844 29 18,717 29 
Pacific 1,378 21 10,407 16 10,068 16 10,122 16 9,788 15 
Asian 1,094 17 8,208 13 7,492 12 7,263 11 7,076 11 
MELAA† 180   3 1,245   2 1,179   2 1,166   2 1,044   2 
Others 256   4 502   1 491   1 562   1 690   1 

* Multiple ethnicities allowed therefore column percent totals are > 100% 
† Middle Eastern, Latin American or African 
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Growing Up in New Zealand cohort is also diverse in terms of socioeconomic status. With socio-economic 

status measured using the 2006 NZ Index of Deprivation (NZDep06), which uses national census data to 

divide all households in New Zealand into 10 deciles from least to most deprived, 25% (n=1,657) of the 

6,822 enrolled pregnant women were living in households in low deprivation areas (deciles 1 to 3), 36% 

(n=2,390) in households in medium deprived areas (deciles 4 to 7) and 40% (n=2596) in high deprived 

areas (deciles 8 to 10) (271). NZDep06 is an area level measure of deprivation derived from 2006 census 

data on nine socioeconomic characteristics and is a well-validated measure of small area socioeconomic 

deprivation in NZ (275). The area level deprivation data collected at antenatal interview for the cohort is 

comparable to those of all current New Zealand households containing children (national data) (271). 

The diversity of the Growing Up in New Zealand cohort contrasts with that of previous child cohorts in 

New Zealand, recruited from children born in Dunedin (Dunedin Multidisciplinary Health and Development 

Study) and Christchurch (Christchurch health and development study) in the 1970s that have been 

beneficial in terms of providing policy relevant information (276, 277). The population of New Zealand 

has become increasingly diverse in recent decades (278). The New Zealand population in 2013 was 4.43 

million, a 0.6% percent population growth from 2011 of which 20% were children under 15 years of age 

(274). Of this child population, an estimated 20% of children were Maori, 11% were Pacific and 8% were 

Asian (274). Ethnic diversity is set to continue to increase in the future (274). By 2026, it is predicted that 

the proportions of children of Maori, Pacific and Asian ethnicity will increase to 22%, 14% and 14% 

respectively, representing half the total child population (279). 

There are inequalities in health and developmental outcomes within New Zealand’s child population, with 

poorer outcomes in general for New Zealand’s indigenous (Maori) children, children of families from 

Pacific Island nations, and those living in more socio-economically deprived areas. Reflecting New 

Zealand’s ethnic and socioeconomic diversity, Growing Up in New Zealand provides adequate statistical 

power to undertake complex analysis of interlinked developmental trajectories over time across the whole 

cohort of children as well as within subgroups of children who are expected to identify themselves as 

Maori, Pacific and Asian and those living in more deprived areas. The study was designed specifically to 

enrol at least 1,000 children in each of these subgroups (270). A sample of 1100 (sample size 

approximated or exceeded for each of the four main groups: NZ European, Māori, Pacific and Asian) was 

more than sufficient to provide 80% power to demonstrate significance for a factor acting across the whole 

population for which there was a relative risk of 1.8 for the association of this factor with the presence of 

vitamin D deficiency (alpha=0.05 two tailed, ratio unexposed: exposed=1:4, frequency of deficiency in 

unexposed=8%, odds ratio=1.9: minimum sample needed=1018). Overall, the design of Growing Up in 

New Zealand is such that it allows provision of relevant evidence for policy development for the main New 

Zealand ethnic and socio-economic subgroups as well as for the population as a whole. 

7.2.3 Longitudinal study design 

Growing Up in New Zealand is a longitudinal study whereby children will be followed and information will 

be collected on various aspects of their life. At enrolment, participating families were given an expectation 

that their participation in the study would continue until the children were 21 years old.  Each data 

collection wave (DCW) collects information across the six interconnected research domains (Health and 
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Wellbeing; Psychosocial and Cognitive Development; Education; Culture and Identity; Family and 

Whanau; and Societal Context and Neighbourhood Environment). Each cross-sectional data collection 

wave is planned according to a balance of age-appropriate information from all the interconnected 

domains and in the context of what has been collected at previous data collection waves and what data 

are anticipated to be collected subsequently (270). 

From the antenatal period through to when the cohort children were two years of age four types of data 

collection methods have been used: (1) A face-to-face Computer Assisted Personal Interview (CAPI), (2) 

a brief Computer Assisted Telephone Interview (CATI), (3) data available from linkage with external 

sources such as health data collected by Ministry of Health, (4) anthropometric, observational and 

biological data collected from the cohort children. 

The first CAPI was completed during 2009 and 2010 when the mothers were pregnant with the cohort 

children with this interview completed most often in the last trimester of pregnancy. This is referred to as 

the “antenatal dataset”. This first CAPI was completed with the mother and the partner independently of 

one another. The second CAPI, also completed independently with mothers and partners, took place 

when the cohort children were 9 months and was completed in January 2011.  The third face-to-face 

CAPI (when children were 2 years old) was completed in October 2012 and also involved direct 

observations, developmental and anthropometric assessments of the children (270). The fourth face-to-

face CAPI commenced when the child were 54 months and was completed in March 2015. This 54-month 

data collection wave is relevant to my study as consent was obtained at this interview for the access and 

use of newborn screening cards for measurement of vitamin D status. At this 54 month data collection 

wave, in addition to the CAPI and observations of the child and of child-parent interaction, biological 

samples (skin, throat, nasal swabs and a saliva sample) were collected from each consented child.  

Brief CATI data collection waves were utilised when the children were approximately 6 weeks, 35 weeks, 

16 months, 23 months, 31 months and 39 months of age. These more brief contacts with the child’s 

mother (or equivalent) allowed for age-appropriate developmental information collection and also 

assisted with cohort retention (270).  

The Growing Up in New Zealand dataset contains data obtained from linkage with external sources. In 

NZ a unique identifier, a national health index (NHI) number is assigned to every person having contact 

with health services. This NHI number allows for linkage to be made with health data.  Linkage to routinely 

collected perinatal health records was completed in 2011. This “perinatal” dataset provided information 

about the later stages of pregnancy, birth records and immediate neonatal outcomes (270). The National 

Minimum Dataset (NMDS), which includes hospital records of all Growing Up children from birth to the 

first year of life, and the National Immunisation Register, which contains a record of all scheduled vaccines 

that the cohort children have received from birth to age 1 year was linked to the other Growing Up in New 

Zealand datasets in 2013. The NMDS is essential to my study as I have used it to identify all Growing Up 

in New Zealand children who been hospitalised with a respiratory tract infection in their first year of life 

(chapter 9). My study of the Growing Up in New Zealand cohort children will allow us to consider how 

factors acting at different phases of the life course influence the risk of hospital admission with a 

respiratory infection during infancy. 
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7.2.4 High prevalence of respiratory admissions in Growing Up in New Zealand 
recruitment areas 

Children living in the selected recruitment regions of Growing Up defined by the Auckland, Counties 

Manukau and Waikato District Health Boards (DHBs) experience a large disease burden from respiratory 

tract infections. In the 0 to 14 year age group, 38% of all hospital admissions for pneumonia in New 

Zealand are in these three DHBs (280). Among infants, 38% of all hospital admissions for bronchiolitis in 

New Zealand are in these three DHBs (280).  The annual infant hospital admission rates for bronchiolitis 

per 1,000 for each of the three DHBs are 65 (Auckland DHB), 111 (Counties Manukau DHB) and 73 

(Waikato DHB), with the average rate for all 21 DHBs in New Zealand being 75 per 1,000 (280). 

Hospitalisations for respiratory tract infections in New Zealand vary with ethnicity. In New Zealand during 

2006-2010 hospital admission rates for bronchiolitis in infants <1 year of age was highest for Pacific 

children (169/1000), intermediate for Maori children (115/1000) and lowest for European children 

(41/1000) (281). 

Based upon these data and the number and ethnic proportions of children enrolled into Growing Up in 

New Zealand from each DHB we estimate that in the first year of life, of the children enrolled in Growing 

Up in New Zealand, approximately 500 will be hospitalised with bronchiolitis and approximately 80 

children will be hospitalised with pneumonia (Table 7.2). 

Table 7.2: Estimated number of hospital admissions for bronchiolitis and pneumonia in children enrolled 
in Growing Up in New Zealand in the first year of life. 

 District Health Board of residence of cohort child Growing Up in New 
Zealand cohort Auckland Counties Manukau Waikato 

Bronchiolitis 131 267 121 519 
Pneumonia 33 39 10 82 

Growing up in New Zealand provides an excellent and cost effective opportunity to investigate the 

contribution of maternal, perinatal and infant determinants of respiratory tract infections in the first year 

of life. The close alignment of the cohort birth, perinatal and antenatal parameters to national birth (2007-

2010) indicates that the study population is representative of the national population and that the findings 

of this study can be used to inform policy. My PhD thesis study will be able to provide important insights 

into current disparities in early childhood respiratory health between different ethnic and socioeconomic 

groups.  
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Chapter 8: The two validation studies 

  

Assessment of 25-hydroxyvitamin D on dried 
blood spots 
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8.1 Introduction 

Vitamin D plays a role in many aspects of health. Low vitamin D status has been associated with poor 

bone health (rickets and osteoporosis) and a range of non-skeletal health conditions, including cancer, 

hypertension, diabetes, multiple sclerosis, depression and falls (282-284). With emerging evidence that 

vitamin D is essential for optimal health, there is growing demand for measurement of vitamin D status 

(285). 

The predominant circulating form and best indicator of vitamin D status is (25(OH)D) (19). Clinical 

laboratory scientists have a diverse array of 25(OH)D measurement methods to consider (286-288). 

Assays that are currently available for measuring 25(OH)D concentrations include competitive protein-

binding assays (CPBAs), enzyme immunoassay, enzyme linked immunosorbent assays (ELISA), 

radioimmunoassays, LIAISON DiaSorin, high performance liquid chromatography (HPLC) and highly 

selective liquid chromatography- tandem mass spectrometry (LC-MS/MS). 

Blood samples collected from the veins (either serum or plasma) are the standard biological specimens 

for measuring circulating 25(OH)D concentrations. However due to less invasive nature of dried blood 

spot (DBS) sampling, easier storage (no refrigeration required) and transport, there is growing interest in 

the use of DBS for measurement of 25(OH)D concentration in both paediatric and adult studies (289). 

LC-MS/MS assays for the measurement of 25(OH)D concentration in DBS have been developed in 

Australia (118, 290) and the United States (US) (120, 121). The Australian studies showed that the LC-

MS/MS assay was able to detect seasonal variation in 25(OH)D concentrations (290) and close 

correlation was observed between cord blood and matched DBS samples (r=0.73) (118). In studies 

conducted in the United States (US) close correlation was shown between measurement in DBS and 

serum of 25(OH)D2 (r=0.90) and 25(OH)D3 (r=0.91) (120, 121). 

25(OH)D concentrations have been successfully measured on stored DBS samples. In a study where 

25(OH)D concentrations were measured in 100 cord blood samples and matched DBS samples that had 

been stored for 4 years, close correlation was shown between 25(OH)D from DBS and cord blood 

samples (r=0.85) (119). In another study which used DBS and serum samples that have been stored for 

19 years, close correlation was shown between 25(OH)D measured on DBS and plasma samples from 

the same person (r=0.73) (285). 

The development of liquid chromatography tandem mass spectrometry (LC-MS/MS) for the measurement 

of 25(OH)D in DBS and the validation of this assay using matched serum samples is reported in this 

chapter. In this thesis, this validation work is referred to as pilot study 1. Using the same developed assay 

(LC-MS/MS), we also determined whether stored DBS samples provide a valid measure of 25(OH)D. 

This work is referred as pilot study 2. This second validation step was considered necessary because the 

DBS samples of the Growing Up in New Zealand cohort have been stored over 5 years. The pilot study 

1 and 2 form essential components of this thesis which allowed the availability of an assay developed in 

New Zealand to measure 25(OH)D and to be able to use that assay to measure 25(OH)D on stored DBS 

samples. Such local assay development was necessary as our consent did not allow us to send DBS 

samples to a laboratory outside of New Zealand. 
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The aims of this study were to: 

1. Develop a method to extract and quantitate 25(OH)D from DBS in a New Zealand laboratory. 

2. Validate the method using DBS and matched serum samples obtained from adults. 

3. Examine 25(OH)D concentrations in neonatal samples using 5 year old stored DBS and matched 

5 year old cord blood samples. 

8.2 Method: Pilot study 1 

8.2.1 Development and validation of assay for measuring 25-hydroxyvitamin D on DBS 

Measurement of 25(OH)D3 and 25(OH)D2 in dried blood spots was done by Dr. Berit Jensen and Dr Jing 

Ma at Canterbury Health Laboratories using a liquid chromatography tandem mass spectrometry (LC-

MS/MS) assay developed and validated for this study. As no 25(OH)D2 was found in any of the samples, 

the following only pertains to 25(OH)D3. The developed LC-MS/MS assay did not separate out the C3-

25(OH)D epimer. This would require further development and longer analysis time so we decided not to 

pursue this.  

8.2.1.1 Calibration and quality control samples 

Serum calibrators (ClinCal®) and quality controls (ClinCheck®) for 25(OH)D3 and 25(OH)D2 were 

obtained from RECIPE (Munich, Germancy). Pooled freshly washed human red blood cells were mixed 

with the calibrator and quality control (QC) serums to haematocrit 0.5 and spotted onto Whatman 903 

cards in 50 μl aliquots. Vitamin D Free human delipidised serum (VD-DDC Mass Spect Gold®) was 

obtained from Golden West Biologicals (Temecula, CA, USA) and used to produce blank whole blood in 

a similar manner. The final whole blood calibrator concentrations were 2.8, 11.7, 34.8 and 96.5 nmol/l 

and quality control concentrations were 23.6 and 53.5 nmol/l. The blanks, calibrators and quality controls 

were run alongside clinical samples in 96-well plates. Each plate consisted of 2 blanks, 2 sets of 

calibrators, 3 sets of QCs and 80 clinical samples. 

8.2.1.2 Sample preparation 

Dried blood spots of 3.1 mm diameter were punched by Newborn Screening Unit, LabPlus Auckland 

using a Panthera 9 blood spot punching system (Perkin Elmer). Each dried blood spot sample was 

transferred to a glass tube and stable isotope labelled internal standard (d6-25[OH]D3) in 70% methanol 

was added. Following ultrasonication for 30 mins, the sample was extracted with hexane. The organic 

phase was dried down with nitrogen, reconstituted in 50% methanol and transferred to a 96-well plate 

before injection onto the LC-MS/MS. 

8.2.1.3 Liquid Chromatography Tandem Mass Spectrometry (LC-MS/MS) 

A 2D liquid chromatographic system was used for online sample clean up and analysis using a Zorbax 

Eclipse Plus-C18 2.1 x 12.5mm, 5 μm loading column and a Poroshell 120 EC-C18, 2.7 μm, 50 x 3.0 mm 

analytical column and an Agilent 1290 Infinity Series High Performance Liquid Chromatograph (Agilent 

Technologies, Santa Clara, CA, USA). A 0.1% formic acid/methanol gradient was used for elution and 

the total analysis time was 5 min. The Agilent 6490 Triple Quadrupole Mass Spectrometer (Agilent 

Technologies) was operated in electrospray positive mode using m/z 401.3/365.3 (407.3/371.3 for d6-

25(OH)D3) as quantifier ions and m/z 401.3/383.3 (407.3/389.3) as qualifier ions. Calibration curves were 
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constructed using least squares regression analysis of the peak response ratio (analyte/internal standard) 

versus the concentration. 

8.2.1.4 Validation: Comparison of serum vs. dried blood spot concentrations for 25(OH)D in 
healthy adult volunteers 

The method was validated according to the principles from the FDA Bioanalytical guidelines. Assay 

performance during the analytical runs is described below. 

The purpose of this pilot study was to compare 25(OH) D concentrations measured in capillary whole 

blood DBS with venous serum from 40 healthy adult volunteers. DBS calibrators and QCs were prepared 

to haematocrit 0.45. 

DBS samples (3.2 mm manually punched) were run in triplicate with a mean CV of 11%. Serum samples 

(5 μl) were run in duplicate and the deviation from the mean value was ≤ 9% for all duplicates. For quality 

control samples, interday bias was within 10% and imprecision within 9% CV for both serum and DBS 

samples.  

8.2.2 Study design and setting 

A convenience sample of adults was enrolled from a university campus in Auckland, New Zealand (NZ). 

New Zealand has a sun-avoidance public health policy, low vitamin D dietary content and vitamin D 

supplementation is used infrequently (291). Potential study participants were recruited using 

advertisements on campus noticeboards and via campus emailing lists (Appendix C). This study was 

approved by the Northern B District Health Board (ref no. 13/NTB/193) (Appendix D). Written informed 

consent was obtained from the participants within the study (Appendix E).  

I was responsible for writing up the study protocol and applying for ethics approval for the validation study 

1. I designed the study recruitment flyer, patient information sheet, consent form and recruited 40 adult 

participants. I also arranged the first meeting (face-to-face interview) with the participants and 

administered a questionnaire which I had designed. I assisted the phlebotomist with the collection of 

venous and DBS samples and sending the samples to the Canterbury Health Laboratories for 25(OH)D 

analysis. I was also responsible for handling of the data and data analysis. 

8.2.2.1 Study population and sample 

Forty adult participants were recruited. To be eligible to participate in the study, participants had to be 

>18 years old and not taking vitamin D supplementation.  

8.2.3 Data collection 

Data were collected through a questionnaire that was administered during a face-to-face interview and 

by collection of venous and DBS samples (Appendix F). The questionnaire collected information on 

variables which described demographics (ethnicity, weight, height, education, employment), health status 

(general health, presence of asthma, anaemia, depression and anxiety, heart disease, hypertension and 

diabetes), and behavioural characteristics (use of sunscreen, sun exposure, clothing and exercise). 

Residential household socio-economic status was measured using the 2006 NZ Index of Deprivation 

(NZDep06) (275). NZDep06, derived from 2006 census data on nine socioeconomic characteristics, is a 
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well-validated measure of small area socioeconomic deprivation in NZ. It categorises households in NZ 

into 10 deprivation deciles, with decile 1 households being the least deprived and decile 10 households 

being the most deprived NZ households.    

8.2.4 Clinical adult samples 

8.2.4.1 Venous blood samples 

A 5 ml venous blood sample was collected. These whole blood samples were separated and the serum 

was stored at -800C before shipment to the laboratory for measurement of 25(OH)D concentration. 

8.2.4.2 Dried blood spot samples 

Blood spots were collected by finger prick using a sterile lancet. These spots were collected onto the 

neonatal screening cards (Guthrie cards) that are used in New Zealand to collect blood spots from 

newborns as a component of the national newborn screening programme. These cards are postcard 

sized and made of Whatman 903 paper which has special properties for collecting and holding spots of 

blood. The card has 4 predetermined circles and drops of blood are collected to fill each of these 4 circles. 

Well-formed blood drops were applied to the printed side of the absorbent card to allow a sufficient 

quantity of blood to soak through and completely fill each pre-printed circle. Care was taken to ensure 

that the printed side of the card was not pressed against the puncture site and each printed circle was 

filled with a single application of blood (292). Blood was allowed to uniformly penetrate and saturate the 

absorbent card. After collection, the card was allowed to dry thoroughly on a non-absorbent surface for a 

minimum of three hours at ambient temperature and away from direct sunlight. 

A spot punching process was used where DBS punches were randomly obtained from the participant’s 

cards. 3.2mm blood discs were punched from each DBS. Random DBS punches were used because it 

was anticipated that we would not be able to obtain punched spots from a specific position (all centred or 

all peripheral) for subsequent larger hypothesis testing (main component of this thesis) that would use 

DBS cards that had already been punched as part of the NZ newborn screening programme (291). 

8.2.5 Sample blinding 

Each venous blood sample and DBS sample were given unique labels. To avoid mixing or mismatching 

of samples, two identifiers were used to label each sample. The two samples from each study participant 

could not be matched by the testing laboratory, thus eliminating the potential for bias. After the completion 

of the measurement of 25(OH)D concentration, a final dataset was assembled by matching the four 

identifiers from each participant. 

8.2.6 Measurement of 25-hydroxyvitamin D concentration 

Liquid chromatography tandem mass spectrometry (LC-MS/MS) was used to measure 25(OH)D 

concentration on both serum and DBS samples collected from the 40 adult participants. 

8.2.7 Statistical Methods 

8.2.7.1 Agreement between the two measures 

25(OH)D concentrations was treated both as continuous variables and also grouped in categories defined 

as vitamin D sufficient: 25(OH)D concentration ≥ 50 nmol/L; and vitamin deficient as 25(OH)D <50 nmol/L.  
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Agreement was assessed between the measurement of 25(OH)D concentration on adult blood sera and 

DBS samples. Firstly correlations were assessed between the two measures (adult sera vs. DBS) using 

a spearman correlation coefficient (r) (120). Next, a Bland-Altman plot with average 25(OH)D from the 

two measures plotted on the horizontal axis and the differences between the two measures plotted on 

the vertical axis was used for visual inspection of the amount of disagreement between the two measures 

(293). The limits of agreement were defined as the mean difference plus and minus 1.96 times the 

standard deviation of the differences (120). Lastly, paired t-tests were used to compare the differences 

in 25(OH)D concentrations for each blood serum-DBS sample pair. 

8.2.7.2 Identification of risk factors for vitamin D deficiency 

Statistical analysis and data manipulation was performed using SAS® version 9.4 (SAS Institute, Cary, 

NC, USA). Univariable associations with dichotomous variables were examined using the chi-squared 

test or Fischer’s exact test. Logistic regression was used for multivariable analyses to determine if 

independent associations were present between vitamin D deficiency (<50nmol/L) and demographics 

(ethnicity, weight, height, education, employment), health status (general health, presence of asthma, 

anaemia, depression and anxiety, heart disease, hypertension and diabetes), and behavioural 

characteristics (use of sunscreen, sun exposure, clothing and exercise) of the study participants. A p-

value of <0.05 was considered significant in all analyses. Results from the regression analyses were 

summarized using odds ratios (OR) and 95% confidence intervals (CI). 

8.3 Results 

An ethnic diverse population of adults was recruited. Of the 40 study participants, 21 (53%) were 

European (NZ European and other European), 11 (27%) were of Maori (NZ’s indigenous population) or 

Pacific ethnicities, and 8 (20%) were Asian. The participants were aged between 18 and 79 years.  

The mean 25(OH)D concentrations measured on serum was 64 ± 24 nmol/L and that measured on the 

DBS was 63 ± 22 nmol/L.  Ten (25%) of the study participants had a venous serum 25(OH)D 

concentrations < 50 nmol/L. The lowest serum 25(OH)D concentration was 19 nmol/L. Vitamin D results 

were sent out to the study participants as per request (Appendix G). 

8.3.1 Assessment of agreement in 25(OH)D measurements using serum blood and blood 
spot 

The serum samples were run in duplicate and DBS in triplicate. The coefficient of variation (CV) for the 

DBS samples ranged from 1 to 18%. 

8.3.1.1 Comparison of the two measures using paired t-test 

DBS measurements on average were 1.1 nmol/L lower than serum blood. There was no significant 

difference between the mean 25(OH)D concentrations determined on serum versus DBS samples 

(95%CI for mean difference: -9.9-4.3, t= -0.80, df=39, p=0.43). 

8.3.1.2 Comparison of the two measures using correlation coefficient 

The plot of 25(OH)D concentrations by method of measurement showed a close positive correlation 

(Figure 8.1). The mean 25(OH)D concentrations (±SD) varied by study participant and method of 

measurement, from 19 (± 2) nmol/L to 133 (± 19) nmol/L. The Pearson correlation for the individual 
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25(OH)D concentrations was r=0.94 with a significance level of p<0.001, and 95% confidence interval 

(CI) for 0.92 to 0.97.  

Figure 8.1: Scatter diagram, correlation coefficient (r), and 95% confidence interval (CI) for 25(OH)D 
concentrations measured on DBS and serum samples. 

 

8.3.1.3 Comparison using a Bland Altman plot 

The Bland Altman plot was used to visualise the agreement between the two sample sources (Figure 

8.2). The differences in 25(OH)D concentration for paired serum and DBS samples varied from -21 to 16 

nmol/L. Twenty-two (55%) of the 25(OH)D concentration measurement differences between serum and 

DBS were negative and 18 (45%) were positive. The negative differences for each paired 25(OH)D 

measurement varied from -21 to -1 and the positive differences ranged from 1 to 16. The overall mean 

difference across all 40 paired measurements on the DBS and serum was -1.1 nmol/L. The standard 

deviation (SD) of the difference scores was 8.9 nmol/L. Therefore the upper limit of agreement was 16.2 

nmol/L (1.96 x 8.9 (SD) + (-1.1: bias/ difference)) and the lower limit of agreement -18.5 (1.96 x 8.9 – (-

1.1)). The differences between 25(OH)D concentration for all but one sample were within these 95% 

confidence intervals. 

Figure 8.2: Bland-Altman plot showing mean difference and 95% confidence intervals for agreement 
between serum and DBS 25-hydroxyvitamin D (25(OH)D) concentration measurement.  
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8.3.2 Risk factors for vitamin D deficiency (<50nmol/L) in the adult participants 

Univariate associations identified ethnicity (Pacific, Maori and Asian), high or medium household 

deprivation and <30 minutes of exercise daily as risk factors for low vitamin D status (<50nmol/L). Serum 

25(OH)D concentrations varied with ethnicity (p<0.001). None of the European participants were vitamin 

D deficient, while 46% of those of Maori or Pacific ethnicities and 63% of those of Asian ethnicities were 

vitamin D deficient (25(OH)D <50 nmol/L). The proportion of participants with vitamin D deficiency 

increased as household deprivation increased (p=0.01). The proportion of study participants with vitamin 

D deficiency varied with duration of exercise, being greater in those that exercised for a shorter period of 

time (<30 minutes daily) (p=0.01). Independent association was only observed for ethnicity showing Maori 

and Pacific people (OR=1.22 95% CI 1.04 - 1.43) and Asian people with increased odds/risk of vitamin 

D deficiency (0R=1.48 95% CI 1.02 - 2.14). 

8.4 Pilot study 2 

8.4.1 Using the developed LC-MS/MS assay to measure 25-hydroxyvitamin D 
concentration on stored samples 

The objective of this pilot study 2 was to determine whether the LC-MS/MS assay that was developed 

and validated in the pilot study 1 was capable of measuring 25(OH)D on DBS samples that had been 

collected from the cohort children shortly after their birth in 2009 and 2010 and stored since then by the 

National Testing Centre. To complete this validation we matched DBS samples to cord blood (stored for 

more than five years at -800C) samples that had been collected from a small subset of the Growing Up in 

New Zealand cohort. Both samples were analysed at the same time. 

8.4.1.1 Study design and setting: collection of cord blood samples 

At the main maternity hospital for the Counties Manukau District Health Board (Middlemore Hospital), 

cord blood samples are collected routinely at birth. Following ethical approval from the Ministry of Health 

Northern Y Ethics Committee cord blood samples were collected and stored at births where the mother 

enrolled in Growing Up in New Zealand gave consent. All women enrolled in Growing Up in New Zealand 

who lived in the Counties-Manukau DHB were approached by telephone and mail.  Consent was obtained 

for the collection and storage of an umbilical cord blood sample and for the subsequent measurement of 

nutritional biomarkers on this sample.   

The Growing Up in New Zealand team developed a process with the maternity unit at Middlemore Hospital 

for the notes to be flagged on those mothers who had returned a signed consent form for the collection 

of a cord blood sample. The cord blood collection kit used at these deliveries differed from the standard 

kit by requiring 20 rather than 10 mls of blood to be collected with the additional collected blood stored in 

a 5 ml red top and a 5 ml purple top tube.   

One-thousand-four-hundred-and-twenty-four pregnant women enrolled in Growing Up in New Zealand 

study were contacted and their permission sought for collection of this larger cord blood sample (Figure 

8.3).  Of these women, 290 women gave their consent. A cord blood sample was collected at the delivery 

from 131 of these 290 women.  These samples were stored in the Growing Up in New Zealand freezer 

at -80OC.  
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Reasons for a cord blood sample not being collected from women who had given consent included: 

 Did not deliver at Middlemore (delivered at one of smaller birthing units). 

 Did not have consent form or sticker on the antenatal record, or it wasn't clear to delivery suite 

staff that the mother was enrolled in Growing Up in New Zealand. 

 Had cord blood taken in a routine set of tubes, not a Growing Up in New Zealand kit. 

 Had an emergency Caesarean section. Growing Up in New Zealand cord blood collection kits 

may not have been available in theatres/normal kit used. 

 Didn’t get any cord blood taken by the lead maternity carer. 

8.4.1.2 Dried blood spot samples 

In New Zealand, as part of the national newborn screening programme drops of blood are collected by 

capillary sampling (heel prick) from all infants as soon after 48 hours of age as possible. These blood 

spots are collected onto an absorbent card referred to as Guthrie card. After testing for the disorders that 

are screened for as part of the programme each infant’s card with the remaining blood spots are stored 

by the national testing centre.    

The original blood sample volume collected is approximately 200 μL if all four spots are well filled. A 3 

mm card punch has an approximate blood volume of 2.2 μL and the screening programme uses 6-20 

spots. Following completion of the metabolic screening between 0 and 80 μL of blood remain on each 

card. 

A process was developed with Ministry of Health for accessing the newborn screening dried blood spot 

cards. Several applications and presentations were made that allowed the release of punched blood 

sample discs from the newborn screening cards of the 113 children that had consented for the cord blood 

study.  

8.4.2 Measurement of 25-hydroxyvitamin D concentration 

Out of the 131 cord blood samples that were collected, consent was obtained to measure 25(OH)D 

concentrations on all 131 samples. However 2 cord blood samples were not tested due to insufficient 

volumes collected. Consent for sixteen matched DBS samples (n=16) for 25(OH)D analysis was not 

obtained. A list was provided to the newborn screening unit at the National Testing Centre for samples to 

be punched out from these 113 DBS. The cards could not be located and / or there weren’t enough 

samples on the cards of 29 children. Therefore 25(OH)D was analysed on 84 DBS samples and 84 

matched cord blood samples.  

The liquid chromatography tandem mass spectrometry assay was used to measure 25(OH)D 

concentrations on these samples. DBS samples were run in triplicate with a mean CV of 13%. Cord blood 

serum samples (5 μl) were run in duplicate and the deviation from the mean value was ≤ 11% for all 

duplicates. For quality control samples, interday bias was within 14% and imprecision within 10% CV both 

plasma and DBS samples. 
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Figure 8.3: Flow diagram describing participant enrolment in the cord blood study. 

 

8.4.3 Statistical analyses 

Similar to pilot study 1, agreement between the two measures: (1) 25(OH)D concentrations on DBS and 

(2) 25(OH)D concentrations on cord blood samples were compared using t-test, spearman correlation 

and Bland-Altman measures. 

Statistical analysis and data manipulation was performed using SAS® version 9.4 (SAS Institute, Cary, 

NC, USA). Univariable associations with dichotomous variables were examined using the chi-squared 

test or Fischer’s exact test. Logistic regression was used for multivariable analyses to determine if 

independent associations were present between vitamin D deficiency (<50nmol/L) and demographics 

(ethnicity, weight, height, education, employment), health status (general health, presence of asthma, 

anaemia, depression and anxiety, heart disease, hypertension and diabetes), and behavioural 

characteristics (use of sunscreen, sun exposure, clothing and exercise) of the study participants. A p-

value of <0.05 was considered significant in all analyses. Results from the logistic regression analyses 

were summarized using odds ratios (OR) and 95% confidence intervals (CI). 
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8.5 Results: Agreement between the two measures 

8.5.1 25-hydroxyvitamin D concentrations on cord blood versus matched DBS samples 

25(OH)D was measured in duplicate in 84 cord blood samples and in triplicate in the matching 84 DBS 

samples. 25(OH)D was detected in every DBS sample. Mean 25(OH)D concentration in the DBS samples 

from the 84 cohort children was 38.60 ± 12 nmol/L and for the cord blood was 38.98 ± 20 nmol/L. The 

numbers of children found to be vitamin D deficient (<50 nmol/L) by 25(OH)D measurement on cord blood 

was 57 (69%) and on the DBS was 55 (68%).  

25(OH)D concentrations in neonatal cord blood serum and DBS were closely correlated. The correlation 

coefficient was r=0.77, p<0.001 (Figure 8.4). Even though the mean 25(OH)D concentrations in the DBS 

was lower than the mean values in the cord blood, the values from the two measures were very close 

and there was no significant difference in 25(OH)D concentration measured by DBS versus cord blood 

(38.60 ± 12 vs. 38.98 ± 20 nmol/L, p=0.81).  

Seasonal variation was observed in 25(OH)D concentrations measured in cord blood and DBS samples. 

Serum 25(OH)D concentrations were higher in neonates born in summer versus winter (median: 43.86 

vs. 33.87 nmol/L, p<0.001). A comparable difference was seen in DBS median 25(OH)D values (summer 

41.32 vs. winter 35.75 nmol/L).  

Figure 8.4: Correlation between DBS and cord blood sample 25(OH)D concentrations. 

 

As shown in the Bland-Altman Plot (Figure 8.5), the magnitude of difference between the two 

measurement techniques appears to increase as 25(OH)D concentration increases. However, this 

increase was small and resulted in only three samples (labelled in Figure 8.5 as outliers) falling outside 

the 95% prediction interval. It is possible to apply a correction factor to such outliers ([Mean cord blood 

25(OH)D]/[Mean DBS 25(OH)D value]; in this case 1.035) however in this validation study the agreement 

is good and this correction is not applied. 
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Figure 8.5: Bland-Altman plot for comparison of 25-hydroxyvitamin D measurement between the two 
sample types. 

 

8.5.2 Comparison of perinatal and newborn characteristics of cord blood-DBS paired 
group with the full Growing Up cohort  

Gestational age and ethnicity did not differ between children enrolled in this cord blood study (pilot study 

2) and the remainder of the Growing Up in New Zealand cohort. In comparison to the Growing Up in New 

Zealand cohort, a smaller proportion of children in this study was males (52% vs. 42%, p=0.04). None of 

the children in this cord blood study were born with a low birth weight (<2500g) (0% vs. 5%, p=0.04). 

More children in this study were born in summer and autumn (81%) and less during winter and spring 

(19%) compared to the remainder of the Growing Up in New Zealand cohort (59%, 41%; p<0.001).  

8.5.3 Perinatal and newborn predictors of vitamin D status  

Univariate associations with 25(OH)D concentrations were observed for season, gender and birthweight. 

Seasonal variation was observed in 25(OH)D concentrations measured on DBS samples. Children who 

were born in winter or spring had significantly lower DBS 25(OH)D concentrations than those born in 

summer or autumn (median: 33.87 vs. 41.32 nmol/L; p<0.001), with 61% of the Growing Up in New 

Zealand cohort children born in winter or spring being vitamin D deficient (<50 nmol/L) compared with 

39% born in summer or autumn. Gender differences were observed in the 25(OH)D values with 25(OH)D 

concentrations in boys lower than in girls (p=0.004). Birthweight was a significant predictor of vitamin D 

status. None of the cohort children who were part of the cord blood study were born with weight of <2500 

g (low weight). However, significant numbers of children who were born with a higher weight (>4000 g) 

were found to have low vitamin D levels (<50 nmol/L) (p=0.043). However; independent association was 

only seen with season with children born in winter or spring having higher risk of vitamin D deficiency 

(<50nmol/L) than children born in summer or autumn (1.56, 1.20 – 1.73; p=0.01). 

8.6 Discussion 

In these two pilot studies, a close agreement between 25(OH)D measurements by LC-MS/MS in paired 

serum (adult and cord blood) and DBS samples was seen. 25(OH)D concentrations in DBS samples were 

strongly and positively correlated with those measured in serum samples (adult: r=0.94, p<0.001; cord 
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blood: r=0.77, p<0.001). Mean 25(OH)D concentrations measured from serum and DBS samples did not 

differ significantly (mean difference: pilot study one: 1.1 nmol/L and pilot study two: 0.38 nmol/L). 

Agreement for all but one set of paired samples for the adult study and all but three sets of paired samples 

for the cord blood study were within the 95% confidence intervals derived from the mean and standard 

deviation of the difference in 25(OH)D concentration between serum and DBS samples. 

Three studies; one in Australia and the other two in the USA that assessed the agreement between 

25(OH)D measurements on the DBS and blood serum found that 25(OH)D concentrations on the DBS 

was strongly and positively correlated with 25(OH)D concentrations on blood serum (r=0.73 and r≥90; 

r=0.91) (118, 120, 121). Another Australian study that assessed the agreement of 25(OH)D 

concentrations on 100 neonatal cord serum samples and matched DBS samples also found that 25(OH)D 

concentrations on these two neonatal samples were highly correlated (r=0.85, p<0.0001)(119). With a 

correlation coefficient of 0.94, p<0.001, and 0.77, p<0.001, the findings from our pilot studies are in 

agreement with these studies. 

Mean 25(OH)D concentrations on the DBS have been reported to be lower than mean 25(OH)D 

concentrations on the blood plasma, serum or cord blood samples (119, 120). Even though our study 

reports that 25(OH)D concentrations in DBS were 1.1 nmol/L and 0.38 nmol/L lower than 25(OH)D 

concentrations in blood sera in the two validation studies, these differences were not significant (p=0.43; 

p=0.81). Our findings are in agreement with the USA study that reported a mean difference of 3.7 nmol/L 

between 25(OH)D on the DBS and blood serum (DBS values lower) but also did not find any significant 

difference between the two sources (p=0.48) (120). In comparison, two Australian studies reported 

comparable and significant differences in DBS and blood sera 25(OH)D values (119). Measured 25(OH)D 

levels in DBS reported by the first Australian study (119) were 7.3 nmol/L lower than blood sera levels 

(p=0.0001) and the second Australian study (118) reported that 25(OH)D concentrations on DBS were 

on average 19.7 nmol/L lower than equivalent plasma levels (p<0.0001). The significant differences in 

25(OH)D concentrations in the two sample sources may be due to degradation of vitamin D as 25(OH)D 

was measured on DBS that was stored for four years (119) and 25(OH)D concentrations were measured 

on DBS spots that were made using 19 year old stored plasma samples (118). 

Our study has some limitations. Although blood spot samples were collected by a phlebotomist for the 

first pilot study or by a midwife for the second validation study, there may be a slight variation where one 

drop of blood may have been applied through a single application as opposed to repeated application 

allowing for partial drying between applications. This would have altered the amount of blood in various 

positions within a blood spot (294). 

The 3.2 mm punched disks were randomly obtained from the adult DBS and from the neonatal screening 

cards for the second pilot study. A study by Kvaskoff and team investigating the effect of factors such 

sample volume, hole punch position and paper type on 25(OH)D measurements showed that the position 

of the punched samples affects the concentration of 25(OH)D and that 25(OH)D concentrations were 

significantly higher in outer punched spots compared to punches obtained from the centre (289). 

However, 25(OH)D concentrations on the centre spots are more closely aligned with 25(OH)D 

concentrations measured in serum samples. 
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The process for punching cards and analyses samples in pilot study 2 is what was used for the larger 

Growing Up in New Zealand study which tests the central hypothesis of this PhD project. These pilot 

studies confirm that newborn screening cards (DBS) collected at birth from children enrolled into the 

Growing Up in New Zealand cohort can be used to measure their vitamin D status at birth. For this 

purpose an assay has been developed that makes it possible to measure 25(OH)D in this larger cohort. 

We anticipate that it may not be possible to obtain centre spots for all of the cohort children and so for 

both the pilot studies random punched samples were used.  

Even after consideration of these variables, the tight correlation between DBS and sera and the evidence 

of satisfactory agreement evident in the Bland-Altman plots indicates that DBS provide a suitable sample 

source for describing 25(OH)D concentration at birth. 

8.7 Conclusion 

The results of the pilot studies show that the LC-MS/MS assay developed by Canterbury Health 

Laboratories is capable of accurately measuring 25(OH)D concentrations in fresh DBS samples as well 

as DBS samples taken from archived DBS cards (stored for more than 5 years). Excellent correlations 

observed between 25(OH)D concentrations measured in DBS and serum samples indicate that DBS can 

be used as a reliable indicator of vitamin D status. The findings from these two pilot studies provide an 

important contribution to the utility of DBS for determining neonatal vitamin D status and its association 

with health outcomes particularly acute respiratory tract infection in early childhood in New Zealand. 
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Chapter 9: Vitamin D and ARI 

Vitamin D levels at birth and acute respiratory 
tract infections in the first year of life 

  

Acute 
Respiratory 

Tract Infections 



 

109 

9.1 Chapter Aims 

1. To describe the acute respiratory infection hospitalisations in the first year of life for the children 

enrolled in the Growing Up in New Zealand cohort. 

2. To determine neonatal 25-hydroxyvitamin D concentrations on the dried blood spot samples of 

the respiratory cases and controls. 

3. To create a hierarchical conceptual framework for considering risk factors for hospitalisation with 

an acute respiratory infection by utilising data from the three phases of the life course: antenatal, 

perinatal and infancy and categorizing each factor as distal, distal intermediate, proximal 

intermediate and proximal to the main outcome (hospital admission with an acute respiratory 

infection in the first year of life) and to confirm whether distal factors were acting though proximal 

factors using maximum likelihood method, and to consider the classification of factors as 

confounders of the association of risk factors to ARI hospitalisation. 

4. To identify univariate associations between these factors; and the risk of hospital admission 

during infancy with an acute respiratory infection. 

5. To use the created hierarchical models to determine the independence of associations between 

factors acting at these different phases of the life course and hospital admission during infancy 

with an acute respiratory infection. 

6. To use the created hierarchical models to determine the independence of association of vitamin 

D status at birth and hospital admission during infancy with an acute respiratory infection after 

adjustment for factors acting at different phases of the life course.  

The hypothesis I tested was that vitamin D status at birth is independently associated with the risk of ARI 

hospitalisation in children enrolled in the Growing Up in New Zealand cohort in the first year of life. 

9.2 Methods 

9.2.1 Study design and setting 

This study was completed within New Zealand’s contemporary child cohort study, Growing Up in New 

Zealand  (270). The Growing Up in New Zealand cohort was enrolled from the population residing within 

the regions defined by the contiguous Auckland, Counties Manukau and Waikato District Health Boards 

(DHBs) (Figure 9.1). This geographically defined area of NZ was chosen for its ethnic, socio-economic 

and urban/rural diversity (270). To be eligible a pregnant women had to be residing in one of these three 

DHBs at the time of her enrolment interview and have an estimated delivery date (EDD) between 25th 

April 2009 and 25th March 2010. There were no other inclusion or exclusion criteria. Eleven percent of all 

births in New Zealand during the study recruitment interval were enrolled into the cohort. Ethical approval 

was obtained from the Ministry of Health Northern Y Regional Ethics Committee, and written informed 

consent from all enrolled women. 



 

110 

9.2.2 Study population and sample 

Growing Up in New Zealand enrolled 6822 pregnant women and then their 6,853 infants born during 

2009 and 2010 (270). The Growing Up in New Zealand cohort is broadly generalizable to the national 

birth cohort, with alignment of the cohort at birth to national birth statistics from 2007-10 demonstrated for 

maternal age and ethnicity, single versus multiple births, delivery mode and infant gender (295). 

Compared to all births in NZ from 2007-10, a slightly smaller proportion of the cohort children were of low 

birth weight (5% vs. 6%, p<0.001) or of preterm gestation (6% vs. 7%, p=0.001). The requirement of 

survival to age 6 weeks provides some explanation for these small but statistically significant differences 

between the Growing Up in New Zealand cohort and the national birth cohort with respect to these two 

characteristics (295). 

Figure 9.1: Shows the areas of sample recruitment of the Growing Up in New Zealand cohort. 

 

9.2.3 Data collection 

As described in chapter 7 of the thesis (cohort description), data has been collected about the cohort at 

multiple time points using computer assisted face-to-face interviews (CAPI), computer assisted telephone 

interviews (CATI) and linkage to data from external sources. The data sets used for this chapter included 

the CAPIs completed with the infant’s mother during her pregnancy and when her infant was nine months 

old and the linked data sets that contained information related to the birth (perinatal data set), information 

that described immunisations received (National Immunisation Register) up to age 12 months and 

information describing hospital admissions-National Minimum Dataset (NMDS) up to age 12 months 

(Figure 9.2).  
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Figure 9.2: Datasets used to investigate acute respiratory infections during the first year of life for the 
Growing Up in New Zealand cohort.  

 

9.2.4 Measurements  

9.2.4.1 Variables obtained from the antenatal interview with each cohort child’s mother 

The antenatal face-to-face CAPI was completed at the time of study enrolment and was usually 

conducted in the family home. At this interview a questionnaire was administered that collected 

information which described maternal demographics, health and pregnancy history, smoking status, 

vitamin and mineral supplement use and dietary patterns during pregnancy. Demographic variables that 

were collected included maternal ethnicity, age, educational level, employment status, the relationship 

with partner, household structure, household income and socioeconomic status (as measured by 

household deprivation). 

9.3 Maternal demographics 

9.3.1 Ethnicity 

Each woman was asked to define their own ethnicity at this enrolment interview. All the ethnic groups 

they identified with were recorded, as well as those with which they identified more strongly. We asked 

each woman to nominate their main ethnic group, or if that was not possible, to identify their two main 

ethnic groups. Approximately 5% of the enrolled women selected two rather than one main ethnic group.  

9.3.2 Maternal age 

The age of each woman were recorded at the time of the interview, with this being cross referenced with 

their date of birth.  

6,822 women recruited into Growing 
Up in NZ 

6,853 children born to these women 
enrolled into Growing Up in NZ 

Antenatal data (Face-to-face interview) 
Collected during pregnancy (n=6,822) 

9 months data (mother proxy) 
(Face-to-face interview) 

Collected when child 9 months old (n=6,385) 

(94% of enrolled women) 

Perinatal data (External source) 
Collected at time of birth (n=6,853) 

9 months data (child proxy) 
(Face-to-face interview) 

Collected when child 9 months old 
(n=6,476) (95% of enrolled children) 

National Minimum Dataset (NMDS)  
(External source) 

Hospital events during infancy (n=6,376) 
93% of enrolled children 

National Immunisation Register (NIR) 
(External source) 

Immunisations during infancy (n=6,324) 
92% of enrolled children 
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9.3.3 Household income, education and socioeconomic status 

Household income items, parental educational status and socioeconomic status were measured using 

questions taken from Statistics NZ’s 2006 national census and 2008 General Social Survey (296, 297).  

Household income data was collected using questions  that  asked for  the household income to be 

defined in income bands (≤$30,000, >$30,000≤$50,000, >$50,000≤$70,000, >$70,000≤$100,000, 

>$100,000≤$150,000 and >$150,000) and what the contributions were to the household income (wages 

and salaries, self-employed, income tested benefits, other government benefits and others). Published 

estimates are that approximately 30% of study respondents are unwilling or unable to state their income 

(298). In our study, 20% of the interviewed women did not provide responses on household income. 

The data collected that described maternal education were: (1) highest completed secondary school 

education, (2) other specified school qualifications, (3) apart from secondary school whether they had 

completed any full time study equivalent to 3 months or more, (4) highest completed post-secondary 

qualification.  

In NZ a small area level measure of deprivation uses census variables to describe relative deprivation for 

dwellings within geographical areas defined by Statistics NZ meshblocks. Meshblocks were combined to 

create small areas with a population of at least 100 persons. In general the NZDep2006 small areas 

consist of one or two meshblocks. There are 23,786 NZDep2006 small areas (299). The NZDep2006 

index of deprivation reflects eight dimensions of material and social deprivation. These dimensions are 

lack of income, employment, communications, transport, support, qualifications, owned home and living 

space (299). The deprivation index allows small residential areas to be divided into 10 deciles for the 

whole population, with decile 1 being the least deprived and 10 the most deprived (299). For the purposes 

of analysis we grouped the deciles into three groups (1-3: low deprivation, 4-7: medium deprivation and 

8-10: high deprivation). I used NZDep2006 Index, as my principle measure to describe socioeconomic 

status (299). 

Data on household deprivation was collected during two phases of the child’s life: (1) during the mother’s 

pregnancy and (2) when her child was 9 months old. Since factors concerning household deprivation 

would invariably change in the case of change of tenancy and address, it would have been logical to use 

data on deprivation variable at these 2 phases. However, upon comparison no significant differences 

were found between the measures of household deprivation collected during pregnancy or when her child 

was 9 months old. The antenatal data was included as more of the mothers of infant respiratory cases 

lived in high deprivation areas during pregnancy as opposed to when the child was 9 months old (n = 109 

vs. 64). 

9.3.4 Maternal status in the labor force (employment status) 

The data collected that described the status of women in the labour force at the time of pregnancy was 

determined by whether they were employed, unemployed, studying or not in the work force. “Student” 

and “not in the work force” responses were combined to allow two analysis categories: employed vs. 

unemployed.  
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9.3.5 Relationship with partner and household structure 

The women were asked whether they had a partner or not. Data was also collected on the nature of 

relationship. Responses were obtained for options: (1) dating but not living together, (2) de facto 

relationship-living together, (3) married and (4) civil union. Data on household structure was collected by 

asking the women whether they were living alone, living with a partner, living with extended family or 

living with non-relatives (non-kin). 

9.3.6 Parity and rurality 

Data on parity was collected by asking the women whether they were pregnant with their first, second or 

subsequent child. Rurality data was recorded as whether the women lived in urban or rural settings based 

upon the characteristics of the meshblock in which their residence was located. 

All these variables together with child gender and child ethnicity were grouped as hierarchical model one 

which includes all factors most distal to the main outcome (ARI admissions in the first year of life) (Figure 

9.5 & 9.6). 

9.4 Maternal health and pregnancy history 

Questions related to woman’s health and pregnancy history were asked during the antenatal CAPI.  

9.4.1 Self-reported health status 

Each woman was asked to rate her general pre-pregnancy health on a 5-point scale from poor to 

excellent. This single question has been shown, in socially and ethnically diverse samples, to be a valid 

predictor of health status and mortality (300-302), and to be associated with other more specific measures 

of women’s health during and post-pregnancy (303, 304). 

9.4.2 Doctor-diagnosed illness 

The enrolled women were asked to provide information about pre-existing as well as common pregnancy 

related health conditions that had been diagnosed by a doctor. The health conditions that were asked 

about were: asthma, anaemia, depression, heart disease or high blood pressure, diabetes and anxiety 

and panic attacks. Responses about when these health conditions were present were recorded as: (1) 

never, (2) before but not during this pregnancy, (3) before and during this pregnancy or, (4) only during 

this pregnancy. 

9.4.3 Smoking status 

Each woman was asked whether they smoked cigarettes regularly (every day) before becoming pregnant 

and, if so, the number of cigarettes they smoked per day. They were then asked if they were currently 

smoking and the number of cigarettes per day they currently smoked.  

9.4.4 Alcohol use 

Data was collected on the use of alcohol before and during pregnancy. Women were asked whether they 

consumed alcohol or not and the frequency of alcohol consumed per week with this categorised as: (1) 

less than one drink, (2) 1 drink and (3) ≥2 drinks.  
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9.4.5 Use of vitamin and mineral supplements 

Information was collected on vitamin and mineral supplement use before and during pregnancy. Separate 

questions were asked on the use of folic acid, iron or multivitamins (not specifically vitamin D) in the 3 

months before pregnancy, during the first 3 months of pregnancy and since the first 3 months of 

pregnancy. Supplementation use timeframe was also recorded as number of days in a week and total 

number of weeks the respective supplements was used. 

9.5 Maternal nutrition 

Maternal diet during pregnancy was described using a semi-quantitative 44-item food frequency 

questionnaire (FFQ). The FFQ we used was adapted from the 100 item quantitative FFQ used during 

pregnancy in the Southampton Women’s Survey (SWS) (298). The information from the 2008/2009 NZ 

Adult National Nutrition Survey (305) was utilised to ensure that the most frequently consumed foods 

were included. The FFQ was adapted to ensure it was suitable for the collection of information about 

foods that are important components of the NZ diet across the ethnically diverse NZ population (306). 

Specifically food items were categorised into the four main food groups as described in the NZ Food and 

Nutrition Guidelines: (i) fruit and vegetables; (ii) milk, cheese and yoghurt; (iii) bread, rice, pasta and 

cereal; and (iv) meat, meat alternatives and eggs. Data was also collected on spreads and on soft drinks 

and snacks (307). Culturally specific food items were added to the food categories with similar nutritional 

composition. For example lychee and pawpaw to stone fruit; kiwifruit to soft fruit; and pele, puha, taro 

leaves and bok choy to green leafy vegetables.  

The antenatal FFQ allowed description of the frequency of consumption of the four main food groups 

(vegetables and fruits; breads and cereals; milk and milk products; lean meat, meat alternatives and 

eggs) (307). During pregnancy the NZ Ministry of Health recommends women consume, per day, at least 

six servings of vegetables and fruit, at least six of bread and cereals, at least three of milk and milk 

products, and at least two of lean meat, meat alternatives and eggs (307).  

9.5.1 Using FFQ data to categorize foods rich in vitamin D 

The FFQ data collected on maternal dietary intake during pregnancy was utilised to predict whether 

women with low dietary intake of foods rich in vitamin D, increased their children’s risk of ARI 

hospitalisations in their first year of life. Firstly food items included in the FFQ that may provide vitamin D 

were selected using as the NZ Food composition database as the reference source (308). Secondly the 

frequency of intake of the selected food items was investigated in detail. 

9.5.2 Selection of food items to be included in the analyses (Figure 9.3) 

The broad categories of food items: vegetables and fruits, dairy products, bread, rice, pasta and cereals, 

meat, meat alternatives and eggs, spreads, soft drinks and snacks and supplements (general 

multivitamin) (Figure 9.3) were investigated to determine which of them should be included as foods that 

would contribute a dietary source of vitamin D.  

Food items from the following categories were included as source of vitamin D: dairy products, meat, 

meat alternatives & eggs, spreads, and multivitamin supplements. 
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Dairy food items that were included in the FFQ were different types of milk (whole standard milk, reduced 

fat, skim or trim, soy, other milk (rice, goat), cheese including paneer and cottage cheese, yogurt and ice-

cream. Only whole standard milk, cheese including paneer and cottage cheese, yogurt and ice-cream 

were included in the analysis as contributors of vitamin D.  

Meat products that were included in this analysis were red meat including mutton, lamb, pork, chicken 

breast and tenderloins, seafood including shellfish, alternative proteins such as tofu and eggs. Processed 

meat items such as ham and bacon, battered fish, processed tinned fish and sachets and takeaway meals 

such as KFC and McDonalds were excluded. 

Spread food items that were included were butter (semisoft or blend with margarine), margarine (different 

types such as canola, sunflower, olive). Spreads such as peanut butter, nutella, and jam were excluded. 

Multivitamin supplementation data was included in the analysis. Women indicated during antenatal 

interviews whether they had taken multivitamin supplements in the 3 months before pregnancy, in the 

first 3 months of pregnancy and since the first 3 months of pregnancy. The data from these 3 timeframes 

were combined to generate a single variable that indicated whether women took the supplementation at 

any of these three timeframes.   

9.5.3 Frequency of the food items 

The women were asked whether they had included each food item in their diet (Yes/No response) and if 

yes how many times the food item was included (responses were recorded as: “4+ per day”, “3 per day”, 

“2 per day”, “1 per day”, “5-6” per week, “2  per week”, “2-3 per month”, “1 per month”. 

Separate questions were asked on the use of folic acid, iron or vitamins and multivitamins in the 3 months 

before pregnancy, during the first 3 months of pregnancy and since the first 3 months of pregnancy. 

Supplementation use timeframe was also recorded as number of days in a week and total number of 

weeks the respective supplements was used. 

9.5.4 Body mass index 

Each woman’s self-reported height (in cm) and weight (in Kg) during pregnancy were recorded and body 

mass index (BMI) was calculated from these two variables. This data was collected during the antenatal 

interview at a median (interquartile range (IQR)) gestation of 39 (38-40) weeks, with 345 (6%) of women 

interviewed prior to 37 weeks gestation. The Contraceptive History, Initiation and Choice (CHIC) study, 

conducted in Atlanta in 2004, investigated the accuracy of self-reported height and weight, as well as the 

resultant body mass index (BMI) among a group of 381 women of reproductive age (309). The study 

showed that women underestimated weight by 4.6 pounds, (2.08 kg) overestimated height by 0.1 inches, 

(0.25 cm) and underestimated BMI by 0.8 kg/m2. However self-reported height and weight measures 

classified 84% of women into appropriate BMI categories and thus self-reported height and weight data 

were found to give an accurate representation of true BMI in this study (309).  

9.5.5 Time spent outdoors during pregnancy 

The Antenatal CAPI also captured data on the amount of time spent outdoors (in hours) on weekdays 

and on weekend days. Two variables were generated that described the number of hours of sun-exposure 
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per week and per day respectively and these were then combined to provide an estimate of the average 

amount of time per day spent outside over the preceding month, with this estimate based upon (5 x week 

days + 2 x weekend days) / 7. The average time spent outdoors were categorised as: <1 hour per day, 

1-2 hours per day, more than 2 but less than 3 hours per day and >3 hours per day. 

These variables were categorised as maternal and health-related behaviours and placed in the 

hierarchical conceptual framework as being distal intermediate to the main outcome (Figure 9.5 & 9.6). 

9.6 Variables obtained from the perinatal dataset 

Perinatal data were collected from District Health Boards, and where these higher level data collection 

were incomplete, from individual birthing centres and maternity units. The perinatal data included 

variables describing whether this was a singleton or multiple pregnancy, date and time of birth and method 

of delivery, infant gender, gestational age, birth weight and length. Birth season was calculated from date 

of birth. 

All these variables together with “admission to neonatal intensive care unit” and length of stay in hospital 

variable were placed in the hierarchical model as proximal intermediate to the main outcome and grouped 

as perinatal or birth variables (Figure 9.5 & 9.6). 

9.7 Variables obtained from the caregiver interview when the cohort child was 9 
months old 

A second CAPI was completed when each cohort child was approximately nine months old. This CAPI 

was completed with the child’s caregiver, usually the mother. Only 19 (0.3%) caregivers who completed 

this nine month interview were not biological mothers of cohort children. 

The first questionnaire administered at this nine-month interview is referred to as the “child proxy 

questionnaire” where, among the broad range of research constructs that were investigated, information 

was collected on the child’s demographics, health status, and dietary intake including breast-feeding and 

infant formula consumption. From the second questionnaire called the “mother proxy questionnaire” 

variables describing maternal demographics and household characteristics were obtained.  

9.7.1 Child nutrition at age 9 months 

At the 9 months interview mothers were asked questions on breastfeeding initiation and duration: (1) did 

you ever breastfeed this baby, and (2) how old was baby when the mother stopped breastfeeding? At the 

9-month interview each mother was asked how old their child was when they first tried a list of 25 food 

items (infant milk formula or milk; baby rice; baby breakfast cereal; other cereal; bread or toast; rusks; 

biscuits; vegetables; fruit; meat; fish; eggs; puddings; nuts or peanut butter; shellfish; soy foods; sweets; 

chocolate; hot chips; potato chips-crisps; fruit juices; herbal drinks; tea; coffee; soft drinks). Data 

inconsistencies were observed for some children where mothers or caretakers stated that the child was 

both exclusively breastfed and introduced solids had been introduced at the same time. At the 6-week 

interview the mothers were asked how they were feeding their babies (only breast milk; mainly breast 

milk but has also received some water based drinks, only formula; formula and breast milk, others). The 

duration of exclusive breastfeeding (in months) reported by the mothers at the 9 month interview was 
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adjusted by the information about the child`s feeding reported when they were 6 weeks old and by the 

age of introduction of foods or drinks reported at the interview completed when they were 9 months old. 

For the 6,188 children for whom data was collected on exclusive breastfeeding duration at the 9 month 

interview, it was determined that, based upon the age of introduction of other foods and beverages, for 

1303 children (21.0%) the duration of exclusive breastfeeding was overestimated. This adjustment led to 

a decrease in the proportion of children exclusively breastfed for 6 months or more from 24% (n=1480) 

to 16% (n=990).  This adjusted exclusive breastfeeding duration was used in the analysis. 

The use of weaning foods was described including whether the child had been given and age of 

introduction of breads and cereals (rice, breakfast cereal, bread or toast, rusks, biscuits); fruits and 

vegetables; meat, chicken and meat dishes, fish and fish dishes, eggs, dairy products (milk, and milk 

puddings, yogurts, custards); and the frequency of food meals per day (0 times or 1-3 times, > 3 times). 

9.7.2 Child care and presence of sibling <5 years in the home 

Mothers were asked to describe the type of child arrangement they had for their child. Responses were 

recorded on whether the child was placed at a day-care, home based care or with relatives, non-relatives 

or other arrangement at home. Data were collected on whether each cohort child, at age 9 months, lived 

with a sibling/siblings and whether the sibling(s) was less than five years old. 

9.7.3 Crowding in the child’s home 

The household crowding measure that was used when the cohort children were nine months old was a 

simple, standard proxy measure that counted the number of people in the household and the number of 

available bedrooms (310) with the crowding index being the ratio of people to bedrooms. Households 

with two or more people per bedroom were considered to have high crowding, those with one to less than 

two people per bedroom to have medium crowding, and those with less than one person per bedroom 

was considered to have low crowding (310).  

9.7.4 Household variables (heating, presence of condensation, dampness, and mould or 
mildew in the homes) 

The mothers were asked whether the house was heated. If responses were provided that indicated that 

the house was heated, questions were then asked on what form(s) of heating were used for the whole 

house and for the room where the baby slept at night. Options included: use of electricity, flued gas 

heater, unflued portable gas heater, wood, coal, solar heating equipment or others as a source of heating 

for the household or specifically for the child’s bedroom.  

Information describing the household environment was collected through questions that asked “how often 

the house where the baby lived most was damp”, “how often was there heavy condensation in the room 

where the baby slept at night”, and “whether in the past 2 weeks, there had been mould and mildew on 

the walls or ceilings in the room where the baby slept at night.  

Reponses were recorded as a “yes or “no” for whether the house was heated and as “never or hardly 

ever, ”not very often”, “quite often/ always” or “almost always” to indicate presence of dampness, heavy 

condensation or mould and mildew in the child’s house or room. The definition of heavy condensation 

and description of mildew were provided to parents as ‘water trickling down the inside of the window or 
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walls, or a puddle of water at the bottom of the window or wall” and ‘ a fungus that causes black marks 

that appear and re-appear, around the windows, skirting boards, and walls’. 

Figure 9.3: Broad categories of FFQ data that was collected during Growing Up in New Zealand antenatal 
interviews.  

 

9.7.5 Immunisation status 

Immunisation status was determined via linkage with the National Immunisation Register and was 

described as whether or not the infant had not received any of the scheduled infant immunisations 

(completeness) and whether the infant was delayed for any of the scheduled infant immunisations 

(timeliness). No routinely or funded immunisation were available for pregnant women over the time the 

cohort was born. The infant immunisation schedule included 6-week, 3-month and 5-month doses of two 
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Vegetables 
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products 
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pasta, cereals 

Meat, eggs 

Soft drinks, 
snacks 

Supplements 

Citrus fruits, non-citrus fruits, dried fruits 

Green leafy vegetables, other vegetables  
Hot chips, French fries, wedges, kumara chips 

Milk-whole standard milk, reduced fat, skim or trim, soy,  
other milk (rice, goat), Cheese- paneer, cottage cheese, yogurt, ice-
cream 

Butter-semisoft, butter and margarine blend 
Margarine- canola, sunflower, olive oil, rice, bran oil based, lite or reduced 
fat margarine, plant sterol margarine (proactive or logical) 
Jam, honey, marmalade, peanut butter, Nutella, vegemite, marmite 

Bread-white bread, high fibre, brown, wholemeal, wholegrain, other bread 
Noodles, rice, pasta 
Cereals-high fibre cereals, muesli, porridge, Weetbix, bran, other cereals, 
Cornflakes, ricies, puffed wheat 
Cakes and biscuits 

Spreads 

Meat, meat alternatives and eggs- red meat (beef, pork, mutton, lamb), 
Chicken (breast, tenderloins), processed meat (ham, bacon, pastrami), 
Seafood (fish or shellfish, battered or fried fish or seafood, processed 
such as tinned fish or sachets  
Takeaways- MacDonald’s, KFC, Burger King 
Alternate proteins (legumes, tofu) 
Eggs 

Soft drinks or energy drinks often carbonated or fizzy 
Fruit drinks including freshly squeezed varieties 
Drinks that don’t contain sugar including diet drinks 
Confectionary-lollies, sweets, chocolates, crisps, nuts 

Iron, folate, multivitamins 
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vaccines: a diphtheria/tetanus/acellular pertussis/haemophilus influenzae type B/hepatitis B/poliovirus 

vaccine and a pneumococcal conjugate vaccine (311). The definition for immunisation timeliness used in 

the thesis is that previously described in the United States and Australia, that describes timely 

immunisations as those received within 30 days of their due date (312-314). 

9.7.6 Time spent outdoors 

The 9 months CAPI captured data on the amount of time the children spent outdoors (in hours) on 

weekday and on a weekend day. The same categories were used as in the antenatal CAPI: <1 hour per 

day, 1-2 hours per day, more than 2 but less than 3 hours per day and >3 hours per day. 

All these variables were categorised as infant variables and placed in the hierarchical conceptual 

framework as being proximal to ARI hospitalisation in the first year of life (Figure 9.5 & 9.6).  

9.8 The National Minimum Dataset (NMDS) 

The NMDS is New Zealand’s national collection of hospital discharge information for inpatients and day 

patients. In NZ all acute hospital admissions during childhood are to public hospitals and are recorded in 

the NMDS. The NMDS data up to age 1 year were available for the cohort children for whom consent for 

data linkage was obtained. Consent for linkage was obtained for 93% of the cohort children. This data 

set is created by the Ministry of Health and was provided in an excel format, with cleaning required before 

it could be used for analysis.  

9.8.1 The cleaning of the raw NMDS  

The NMDS of each child was provided in the long format that is, each hospital event for each child was 

in a separate row in the excel spreadsheet. A hospital admission can include more than one event. For 

example, if a child is admitted to one hospital and then transferred to another or admitted to the intensive 

care unit at a hospital and then transferred to the general inpatient ward then these are recorded in the 

NMDS as separate events. Consecutive events for a child were assumed to be from the same admission 

if the end date of one event was the same as the admission date of the next event.  

9.8.2 Inspection of variables 

The original NMDS contained 107 variables. There were some NMDS variables such as ethnicity and 

gender that were removed as these variables were already described fully in other Growing Up in New 

Zealand datasets. There was a need for some variables such as child ID, mother ID and family ID to be 

added into the NMDS as this allowed for precise linkage of the NMDS with other Growing Up in New 

Zealand datasets.  

9.8.3 Inspection of NMDS Events 

Each NMDS event was inspected for error in NHI numbers, date of birth and missing entries by merging 

the NMDS with other Growing Up in New Zealand dataset such as the perinatal dataset. I merged the 

datasets using STATA 12.0 (Statacorp, USA) 
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9.8.4 Data transformation 

NMDS was transformed and provided in two formats: (1) long format and (2) wide format. In the long 

format, there were multiple events per child whereas in the wide format there is one row of data per child, 

with each row potentially including more than one event. All the other Growing Up in New Zealand 

datasets have been recorded as a single row of data per child. Having one row of NMDS data per child 

enables successful merging of the NMDS with other Growing Up in New Zealand datasets. 

The cleaned NMDS contains the hospital event records for 6,376 (93%) of the 6,853 children enrolled in 

the Growing Up in New Zealand cohort (refer to Figure 1 for summary of consented linkage of data sets). 

This NMDS data was used to identify the cohort children hospitalised with an acute respiratory infection 

(ARI) in the first year of life.  

The NMDS was linked with the other Growing Up in New Zealand datasets (antenatal, perinatal and 9 

months) using the National Health Index (NHI) number and the Growing Up in New Zealand child ID as 

the key linkage variables. The NHI number is a unique identifier assigned to each person in NZ for use 

within health and disability support services. The Growing Up in New Zealand child ID is a unique 6 digit 

number generated for each Growing Up in New Zealand child. If a woman gave birth to twins, the child 

ID and NHI numbers for both the children are different with these two children having the same Growing 

Up in New Zealand maternal ID number.  

9.9 Identification of all Growing Up in New Zealand cohort children admitted with an 
acute respiratory infection 

In total there were 11,502 hospital events recorded for the 6376 children with data in the NMDS. As the 

primary outcome of interest for this study was ARI admission during the first year of life, the NMDS was 

used to obtain the ICD-10 codes which identified whether each hospital admission was for an ARI. Data 

was also extracted which allowed the description of length of hospital stay for each ARI admission during 

infancy as another measure of the ARI disease burden during infancy. 

9.9.1 Respiratory diagnostic codes (ICD-10) of interest (Table 9.1) 

Respiratory infections are described by codes contained in 5 of the 20 ICD-10 chapters (315). The 

relevant codes from Chapters X, VII, VIII, I and XVI were included. Disease codes for the eye (Chapter 

VII) and ear (Chapter VIII) were included as these sense organs can potentially be involved during an 

ARI. We decided upon a broad case definition so as to maximise the generalisability of our findings in 

terms of informing policy as broadly as possible.  It would also be possible to subsequently do sensitivity 

analyses which considered more specific case definition for example bronchiolitis. The codes within each 

chapter that were considered: 

 Chapter X. Diseases of the Respiratory System: Acute upper respiratory infections (J00-J06); 

Influenza and pneumonia (J10-J18); Other acute lower respiratory infections (J20-J22); Other 

diseases of the upper respiratory tract (J30-39); Chronic lower respiratory tract diseases (J40-

J47); Suppurative and necrotic conditions of the lower respiratory tract (J85, J86); Other diseases 

of pleura (J90-J93) and Other diseases of the respiratory system (J95-J99).  
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 Chapter VII. Diseases of the Eye and Adnexa: Disorders of the eyelid, lacrimal system and orbit 

(H00, H01, H04); Disorders of conjunctiva (H10).  

 Chapter VIII. Diseases of the Ear and Mastoid Process: Diseases of the external ear (H60); 

Diseases of the middle ear and mastoid (H65-67, H70-75, H83).  

 Chapter I. Certain Infections and Parasitic Infections: Tuberculosis (A15, A16, A19); other 

bacterial diseases (A36-A37); other diseases caused by chlamydia (A71, A74); other viral 

diseases (B26, B27, B30).  

 Chapter XVI. Certain Conditions Originating in the Perinatal Period (Respiratory and 

cardiovascular disorders specific to the perinatal period (P23); Infections specific to the perinatal 

period (P36, P39). 

The recoding process developed by the US Centres for Disease Control and Prevention, and updated in 

New Zealand by Baker et al (316), to describe the epidemiology of infectious diseases in New Zealand 

from 1989 to 2008 (316) were followed. The recoding scheme was refined by Baker and his colleagues 

to identify all those International Classification of Diseases (ICD) codes considered to have an infectious 

cause (316). This recoding was necessary because the discharge codes assigned to many of the 

infectious disease events result in them not being within the ICD infectious disease chapter. This issue is 

of particular relevance to respiratory infections.  

After completion of the recoding process, it was found that the list of ICD-10 codes that was developed 

for this thesis was in agreement with the list of codes identified by Baker. The ICD-10 codes that were 

used to identify our respiratory cases are shown in Table 9.1. We applied our recoding to both principal 

and all level respiratory disease codes and maintained the capacity to differentiate between these (317). 

9.9.2 Defining acute respiratory infection hospital admission during infancy 

NMDS in the long format contains 20 disease diagnostic code variables (DIAG01-DIAG20). For each 

event per child the variable DIAG01 is the principal diagnostic code whereas the others (DIAG02-DIAG20) 

are the additional diagnostic codes coexisting with the principal diagnosis or arising during the episode 

of admitted patient care. With the NMDS in the wide format with a single row of data for each cohort child 

for admission 1, the variable DIAG01_1 is the principal diagnostic code whereas the variables DIAG02_1 

to DIAG20_1 are the additional diagnostic codes.  

The definition of an acute respiratory tract infection that is used in this thesis is consistent with that used 

in other published analyses of hospitalisation data that have utilised principal discharge diagnoses to 

identify hospital admissions for diseases of interest (318-320). The ICD-10 Official Guidelines (2012) 

defines principal diagnosis as the: “condition chiefly responsible for occasioning the admission of the 

patient to the hospital for care” (321). 

Baker in the appendix to his description of serious infectious disease in NZ (322), identified two previous 

studies that have examined the accuracy and validation of ICD diagnostic coding in New Zealand (323, 

324). The first study assessed the accuracy of injury coding as defined by ICD-9 principal codes for the 

period 1996-1998 and the second study assessed the accuracy of injury coding using ICD-10 principal 

codes for the period 2001-04. Random samples of 1,800 hospital discharge records for both the studies 
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were independently coded by an accredited coder and results were compared with those recorded in the 

NMDS. Using the principal diagnostic codes, the first study found 95% accuracy (323) and the second 

study found 86% accuracy between the findings of an independent reviewer and those in the NMDS 

(324). These validation studies, which were used to justify the use of principal discharge diagnosis codes 

Baker’s national study of serious infectious disease hospitalisations were also used to justify the use of 

principal diagnostic codes to identify all of our cohort hospitalised with an ARI in their first year of life. 

Thereafter in this thesis all ARI cases refer to hospital admissions with an ARI hospitalisation defined by 

principal discharge diagnosis codes only.  

I was interested in episodes of respiratory tract infections which resulted in a hospital inpatient admission 

rather than a hospital attendance that did not necessarily result in an inpatient admission. Therefore the 

NMDS was filtered to only include data for those children with a length of stay of at least one day for each 

admission and that only included hospital admissions which began before the child reached their first 

birthday.  

9.9.3 Quality check for identification of respiratory tract infections from the NMDS 

The number of children in the Growing Up in New Zealand cohort hospitalised with a respiratory tract 

infection as identified from the NMDS was determined independently by myself and by a second PhD 

student. The second PhD student completed his analyses of the NMDS as a component of his project 

which investigated the prevalence of infectious diseases in the first year of life in the Growing Up in New 

Zealand cohort with respiratory tract infections being a subset of this. We compared our respective data 

sets created from the NMDS. We confirmed that the children we identified independently were the same, 

based upon principal discharge diagnoses only of all overnight hospital admissions. 

9.9.4 Admission to a neonatal intensive care unit (NICU)  

The “health spec” variable in the NMDS captured information on whether the child was admitted to 

neonatal intensive care unit and the category of intensity of NICU care indicated by level I, level II, and 

level III.  

9.9.5 Length of hospital stay (LOS) 

This variable described the number of days of inpatient hospital care for acute respiratory infections 

during infancy. Only hospital events with a length of hospital stay ≥1 day were included. LOS was 

categorised as 1 day, 2 days or 3+ days in hospital. 

9.9.6 Comparison of self-reported data to hospital admission dataset created from the 
NMDS 

Data collected at the CAPI completed when the cohort children were 9 months old included parental 

reported data on whether each child was admitted to hospital with an upper or lower respiratory tract 

infection. Episodes of respiratory diseases, from birth up to 9 months of age, for which parents were 

asked to specify whether or not a hospital admission resulted were (i) an ear infection, or (ii) a cough, or 

(iii) bronchiolitis, pneumonia, chest infections, wheezing, bronchitis, asthma, or croup. These parent-

reported data of hospital admissions were compared with the hospital admission data determined from 

the NMDS (Table 9.4).  
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9.9.7 Identification of children with recurrent hospital admissions with acute respiratory 
infections 

NMDS in long format (multiple lines of data per child corresponding to the number of hospital events) was 

used to describe the hospital admissions of those children with more than one respiratory tract infection 

hospital admission.  

9.9.8 Selection of cases and controls 

This PhD project is a case-control study nested within Growing Up in New Zealand longitudinal study. 

The Growing Up in New Zealand cohort has been described in Chapter 7 of this thesis. Respiratory cases 

comprised of those Growing Up in New Zealand children who have been hospitalised with an ARI in their 

first year of life. The identification of these cases was described in sections (9.9, 9.10 and 9.10.1). Four 

controls were matched to each respiratory case by date of birth (± 7 days). Controls were those children 

who were not hospitalised with an ARI in their first year of life. 

The main factors that contributed to the case-control study design were funding and time. Measurement 

of 25(OH)D concentration for the whole cohort would have been very expensive and time consuming. It 

had taken over a year to develop the LC-MS/MS assay and similar amount of time was taken to find the 

DBS cards (of the cases and controls), punch the sample spots and send them to the lab for analysis. It 

is known that that respiratory admission rates vary with season and also that vitamin D status varies with 

season.  Unless the season of birth was controlled for, any association that was present between vitamin 

D status and hospital admission with an ARI could have been potentially over-estimated. 

9.10 Dried blood spot samples (DBS) 

As part of the national newborn screening programme four drops of blood are collected by capillary 

sampling (heel-prick) from all infants as soon after 48 hours of age as possible. These blood spots are 

collected onto an absorbent card; mostly referred to as dried blood spots or Guthrie cards. After testing 

for the disorders that are screened for as part of the programme, each infant’s card with the remaining 

blood spots are stored by the national testing centre. 

The original blood sample volume collected is approximately 200 μL if all four spots are well filled. A 3 

mm card punch has an approximate blood volume of 2.2 μL and the screening programme uses 6-20 

spots. Following completion of the metabolic screening between 0 and 80 μL of blood remain on each 

card. 
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Table 9.1: Listing of International Classification of Diseases diagnostic codes for respiratory tract infections. 

Upper respiratory tract infection Upper and Lower respiratory infection Type Lower respiratory tract infection 
Code Description Description  Code  Description 
A36 Diphtheria J06 Acute upper respiratory URTI* A15 Respiratory tuberculosis, confirmed 
A37 Whooping cough J09 Influenza due to certain identified influenza virus URTI A16 Respiratory tuberculosis, not confirmed 
A71 Trachoma J10 Influenza due to,  virus not identified URTI A19 Miliary tuberculosis 
B26 Mumps J30 Vasomotor and allergic rhinitis URTI J11 Influenza with pneumonia, virus not identified 
B30 Viral conjunctivitis J31 Chronic rhinitis, nasopharyngitis and pharyngitis URTI J12 Viral pneumonia, NC 
H00 Hordeolum and chalazion J32 Chronic sinusitis URTI J13 Pneumonia due to streptococcus pneumoniae 
H01 Other inflammation of eyelid J33 Nasal polyp URTI J14 Pneumonia due to Haemophilus influenzae 
H04 Disorders of lacrimal system J34 Other disorders of nose and nasal sinus URTI J15 Bacterial pneumonia, NC 
H10 Conjunctivitis J35 Chronic diseases of tonsils and adenoids URTI J16 Pneumonia due to other infectious organisms 
H60 Otitis externa, not specified J36 Peritonsillar abscess URTI J17 Pneumonia in diseases, CE 
H65 Nonsuppurative otitis media J37 Chronic laryngitis and laryngotracheitis URTI J18 Pneumonia, organism unspecified 
H66 Suppurative and unspecified Otitis Media J38 Diseases of vocal cords and larynx,, NC‡ URTI J20 Acute bronchitis 
H67 Otitis media J39 Other diseases of upper respiratory tract URTI J21 Acute bronchiolitis 
H70 Mastoiditis and related conditions J93 Pneumothorax LRTI† J22 Unspecified acute lower respiratory infection 
H71 Cholesteatoma of middle ear J95 Post procedural respiratory disorders, NC LRTI J40 Bronchitis, not specified as acute or chronic 
H72 Central perforation of tympanic membrane J96 Respiratory failure, Non-classified LRTI J41 Simple and mucopurulent chronic bronchitis 
H73 Other disorders of tympanic membrane J98 Other respiratory disorders LRTI J42 Unspecified chronic bronchitis 
H74 Other disorders of middle ear and mastoid J99 Respiratory disorders in diseases, CE§ LRTI J43 Emphysema 
H75 Other disorders of middle ear and mastoid    J44 Other chronic obstructive pulmonary disease 
H83 Other diseases of inner ear    J45 Asthma 
J00 Acute nasopharyngitis (common cold)  *URTI Upper respiratory tract infections  J46 Status Asthmaticus 
J01 Acute sinusitis  †LRTI Lower respiratory tract infections  J47 Bronchiectasis 
J02 Acute pharyngitis  ‡ NC Non-classified  J86 Pyothorax 
J03 Acute tonsillitis  § CE Classified elsewhere  J90 Pleural effusion, Non-classified 
J04 Acute laryngitis    J91 Pleural effusion, in conditions  CE 
J05 Acute laryngitis [croup] & epiglottis    J92 Pleural plaque 

 



 

125 

9.10.1 Consent from parents and or guardians of the children (Figure 9.4) 

As part of the Growing Up in New Zealand 54 months data collection wave, consent was obtained from 

the parents / guardians for the release of the DBS from the National Testing Centre and for the use of the 

DBS samples for vitamin D testing (measurement of 25(OH)D concentration) (Appendix H). From the 

total of 6,853 children in the cohort, consent was received from 82% of the cohort (n=5621). Consent was 

not received from eighty six children who were hospitalised with a ARI during infancy (respiratory cases) 

and 379 children who were not hospitalised with an ARI during infancy (controls) for their DBS to be 

released from National Testing Centre and tested for 25(OH)D. 

9.10.2 Approval from Ministry of Health and National Screening Unit Governance 
Committee 

There were a series of applications and presentations made at the National Screening Unit Governance 

Committee meetings. Applications were made via the research pathway for the release and access of 

DBS stored at the National Testing Centre. This has been a lengthy process and the full approval took 

two years. A provisional approval was given based on the results of the first validation study involving the 

development of an assay technique capable of measuring 25(OH)D concentrations on DBS. A full 

approval was given in 2015 based on the evidence from a second validation study that showed that 

25(OH)D concentrations can be successfully measured on stored DBS. These two validation studies 

have been discussed in detail in chapter 8. 

9.10.3 Attainment of DBS from Guthrie cards 

Once full approval was obtained for the release and access of DBS samples of the Growing Up in NZ 

children, a process was developed with the National Testing Centre and Canterbury Health Labs for 

punching of the required samples from the cards and sending the punched disk samples to the laboratory. 

A list with all the necessary details of the respiratory cases and controls were provided to the National 

Testing Centre. The DBS cards were retrieved from the storage and 3 spots (triplicate samples) were 

punched out from each card into microtitre plates (well plates) using the Panthera 9 blood spot punching 

system (Perkin Elmer). The wells were all labelled with unique identifiers and sent to Canterbury Health 

Labs. 

9.10.4 Measurement of 25(OH)D on the DBS 

A liquid chromatography tandem mass spectrometry (LC-MS/MS) assay was developed by Canterbury 

Health Laboratories as part of the first validation study that is capable to measuring 25(OH)D 

concentrations on minute blood samples on the DBS. 

Our consent did not provide us with authority to send DBS cards out of New Zealand. Therefore during 

the initial phase of the project we were required to engage a laboratory in New Zealand that could 

measure 25(OH)D on DBS cards. At that time, there were no laboratories in New Zealand that were able 

to do this. There are not many projects that involved analyses of 25(OH)D on DBS here in NZ but those 

that did, had to arrange the DBS 25(OH)D to be measured in Australia (Eyles’s team at University of 

Queensland). For example, a recent PhD project completed in 2015 involved collection of blood spot 

samples of 1329 children aged 2-<5years of age and 25(OH)D was measured in Australia (325). 
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Development of an assay here in NZ that could successfully measure 25(OH)D was challenging as it 

involved a lot of resources, time and expertise. In 2013, collaboration was established with Canterbury 

Health Laboratories (CHL) when they agreed to develop an assay for this project. A Scientist from CHL 

who developed this assay was trained in Europe. The development of the assay took nearly a year and 

involved series of in-house quality checks and validation. I had been in constant touch with the CHL team 

during the development phase and when they requested some samples so they could validate their 

assay. This resulted in the first validation study reported in chapter 8. Once the results were available 

and reported to Ministry of Health, the second validation study was undertaken. During this time, I had 

also visited the CHL with my PhD supervisor in October, 2014 to discuss the progress of the project. 

1,345 DBS samples were analysed in 18 batches in triplicate. For these, a mean CV of 12% was obtained. 

Over the 54 analytical runs performed over one year, all calibration curves had r2 ≥0.995. The quality 

control samples were run with each batch of plasma and DBS samples. The results were compiled from 

all batches and the interday bias was within 7%. Bias (mean % deviation from the nominal value) was 

calculated along with the imprecision (%CV) and was found to be within 13%  

9.11 Study Power 

This cohort study was specifically designed to have adequate explanatory power to undertake complex 

analyses over time across the whole cohort and within the main ethnic and socioeconomic subgroups 

within the cohort. The sample size was based on achieving adequate precision of statistical estimates for 

these subgroup analyses. Sample size estimates was based upon power needed to identify associations 

with vitamin D deficiency (25OHD<50 nmol/L). Sample calculations were performed using G* Power 3 

(Heinrich Heine University, Dusseldorf). A sample of 1100 (sample size approximated or exceeded for 

each of the four main groups: NZ European, Māori, Pacific and Asian) was more than sufficient to provide 

80% power to demonstrate significance for a factor acting across the whole population for which there 

was a relative risk of 1.8 for the association of this factor with the presence of vitamin D deficiency 

(alpha=0.05 two tailed, ratio unexposed: exposed=1:4, frequency of deficiency in unexposed=8%, odds 

ratio=1.9: minimum sample needed=1018). 

9.12 Statistical analysis 

The normal distribution of DBS 25(OH)D was confirmed by Kolmogorov-Smirnov and Shapiro-Wilk Test 

of normality. Descriptive statistics were used to describe the distribution of 25(OH)D concentration and 

the prevalence of vitamin D deficiency. As 25(OH)D concentration was normally distributed, mean values 

were reported. Difference between cases and controls in mean 25(OH)D was determined using 

independent t-tests or ANOVA. 

Hierarchical models were created by organising the different factors according to the proximity to the 

outcome. Four levels were created: (1) distal, (2) distal intermediate, (3) proximal intermediate, and (4) 

proximal.  Demographic factors were organised into the distal level. Maternal health and health-related 

behaviours in the prenatal period were organised into the distal intermediate model. The distal factors 

rarely cause ill-health or diseases directly, may affect, directly or indirectly all other groups of risk factors 

and are believed to act through a number of inter-related proximal determinants (326) and (327). The 
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perinatal factors were organised into the proximal intermediate level and postnatal or infant factors (at 9 

months) were placed into the proximal component of the model. 

Figure 9.4: Flow diagram describing participant recruitment, consent, retrieval of dried blood spot cards 
and testing of 25(OH)D concentrations. 

 

To test associations between the outcome and the independent variables, conditional regression model 

was used; the entry of predictive factors into the model was performed according to the hierarchical 

models established. All variables at each level were adjusted in relation to each other, and those 

presenting statistically significant associations with the outcome at p value of <0.01 were selected to 

remain in the next model. As a result, variables of the distal intermediate group were adjusted according 

to the eligible variables from the distal group, and so on successively, until the last group of variables 

(proximal group) was included, thereby reaching definition of factors associated with ARI hospitalisation 

in the first year of life. In the final model, statistical significance was set at p<0.05. 

It is important to mention that the model selection strategy used in this study focussed on risk factors 

identified from literature and on biological plausibility (Chapter 6). Initially variables considered potentially 

relevant to describe ARI hospitalisation during infancy were selected for inclusion in the model; 

subsequently, backward stepwise selection was used to select the variables that should remain in the 

final model. Before modelling completion, the possibility of including two-factor interaction terms among 

the covariates present in the model was assessed, but no change in effect was observed. Model 

parameters were examined using the maximum likelihood method, and related hypothesis were tested 
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using the likelihood ratio test. The model was diagnosed and showed good adjustment. All analyses were 

performed using STATA 12.0 (Statacorp, USA). 

Figure 9.5: The conceptual hierarchical framework for risk factors for ARI hospitalisation during infancy 
in the Growing Up in New Zealand cohort (326). 
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Figure 9.6: The hierarchical conceptual framework showing risk factors of ARI hospitalisations during infancy and how the variables were considered in the model 
(as more distal or proximal) (328). 
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9.13 Results 

Of the 6853 children enrolled in the cohort, NMDS records were available for 6376 of these children 

(93%). The NMDS was then linked with the antenatal, perinatal, 9 months dataset and the data set 

created from the NIR. Linkage to the NMDS was completed for 93% of the cohort children for whom data 

were collected at the antenatal interview, 95% of those for whom perinatal data was collected, 94% of 

those for whom data were collected at the 9 month CAPI and 99% for whom data from the NIR was 

available (Figure 9.7).  

9.13.1 Cleaning of the NMDS 

Four variables in the NMDS (ETHNICGP, ETHNICG1, ETHNICG2 and GENDER) were removed as they 

were already described fully in other Growing Up in New Zealand datasets. The child ID variable was 

imported from the perinatal dataset into the NMDS. Two variables in the NMDS with different names 

(EVENT_ID and EVENT_NHI) had identical data information (both described the child NHI number) 

therefore EVENT_ID variable was removed from the NMDS. The perinatal dataset was used as a 

reference dataset to clean the NMDS. There was one missing NHI number and one incorrect NHI number 

in the NMDS. There were also 12 children for whom date of birth (DOB) data in the NMDS did not match 

with the DOB data in the perinatal dataset. These errors in the NMDS were corrected using perinatal 

dataset as a reference. The variables abstracted from the original NMDS were renamed and the new 

variables created that had a suffix ‘NMDS’ which identified them as variables from the NMDS. Categorical 

variables from the NMDS were encoded with numeric values, for example for AS_NMDS (admission 

source variable), transfer from another facility was encoded as “0” and routine admission was encoded 

as “1”.  

Records describing hospital events for 128 children were contained in the NMDS but were not in the 

perinatal dataset. That these records were not of children enrolled in Growing Up in New Zealand was 

confirmed with the Growing Up in New Zealand study data manager and these records were then 

removed from the data set. Records for 327 children were contained in the perinatal dataset but not the 

NMDS. In the NMDS the first hospital event is usually the hospital admission during which the child was 

born. These 327 children were not born in a hospital in NZ, hence explaining their absence from the 

NMDS. In total 5-6% of the children in the cohort were either born at home, overseas or elsewhere (310).  

The records of 150 cohort children were removed from the NMDS because their caregivers did not 

consent to linkage of the NMDS with the other Growing Up in New Zealand datasets.  

The NMDS was transformed and made available in the long and wide format. A data dictionary containing 

a description of all the NMDS variables was developed and made available with the NMDS created for 

my analyses.  

9.13.2 Comparison of demographic characteristics between cohort children with or 
without NMDS data 

Demographic variables such as ethnicity, educational status, employment status, relationship with 

partner, household structure, parity, maternal age, and household deprivation did not differ between 

children whose NMDS data was not available versus those for whom NMDS was available (Table 9.2).  
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Figure 9.7: Flow diagram showing completeness of data for each of the data sources. 
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Table 9.2: Comparison of demographic characteristics of those for whom NMDS data was not available 
versus the remainder of the cohort for whom NMDS data was available. 

Characteristics 
Children with NMDS 

data 
n = 6,376 

n (%) 

Children not on 
NMDS 
n = 477 
n (%) 

p value 

Ethnicity   0.72 
European 
Maori 
Pacific 
Asian 
MELAA and others 

3388 (53) 
876 (14) 
946 (15) 
888 (14) 
268 (4) 

305 (64) 
100 (21) 
24 (5) 
33 (7) 
14 (3)   

Maternal age in years 30.0 ± 5.9 30.2 ± 5.8 0.45 
Maternal education   0.19 
Secondary level or lower 
Tertiary level or higher 

4205 (70) 
1812 (30) 

313 (65) 
164 (34)  

Maternal employment   0.34 
Employed 
Unemployed 

3325 (58) 
2427 (42) 

267 (56) 
209 (44)  

Household deprivation   0.48 
Least Deprived (1-3) 
Intermediately deprived (4-7) 
Most Deprived (8-10) 

1568 (26) 
2217 (37) 
2246 (37) 

100 (21) 
205 (43) 
167 (35)  

Parity   0.21 
First child 
Second or subsequent child 

5175 (95) 
270 (5) 

467 (98) 
10 (2)  

Maternal relationship with partner   0.63 
Had a partner during pregnancy 
Yes 
No 

5175 (95) 
270 (5) 

448 (94) 
29 (6)  

Household structure   0.17 
Mother living alone 
Mother living with partner 
Mother living with extended family 
Mother living with non-relatives 

196 (3) 
4004 (66) 
1500 (25) 
326 (5) 

24 (5) 
348 (73) 
91 (19) 
14 (3)  

9.13.3 Types of respiratory tract infections 

Of the 6376 children, 384 children (6%) had at least one admission due to an acute respiratory infection 

during infancy. These 384 children were identified through principal respiratory diagnostic codes. Of the 

384 children with at least one acute respiratory infection admission during infancy, for 89 (23%), the first 

acute respiratory admission was with an upper respiratory tract infections and for 295 (77%) the first acute 

respiratory admission was with a lower respiratory tract infection (Table 9.3). Bronchiolitis was the most 

frequent diagnosis, accounting for 61% of all of the first acute respiratory admissions (Table 9.3).  

9.13.4 Length of Hospital Stay 

Of the 384 ARI admissions, 131 (34%) were of 1 day, 93 (24%) were of 2 days and 160 (42%) were of 3 

or more days of inpatient hospital care. The median (IQR) length of hospital stay for the first ARI 

admissions was 2 days (IQR: 2-4). 
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Table 9.3: First acute respiratory infection admissions during infancy as defined by principal discharge 
diagnosis code.  

Primary Diagnosis 
Number (%) of ARI first 

admissions as defined by 
principal discharge code 

Upper respiratory infections 
Acute upper respiratory tract infection, unspecified 64 (17) 
Whooping Cough (All*) 12 (3) 
Other upper respiratory tract infection diagnoses† 13 (3) 
Total 89 (23)   

Lower respiratory infections 
Acute lower respiratory tract infection, unspecified 9 (2) 
Bronchiolitis‡ 236 (61) 
Pneumonia§ 50 (13) 
Total 295 (77) 

*Whooping cough diagnoses include: whooping cough unspecified, whooping cough caused by Bordetella pertussis 
†   Other upper respiratory tract infection diagnoses include: acute tonsillitis unspecified, croup, influenza (virus 
identified and virus not identified) 
‡ Bronchiolitis diagnoses include: acute bronchiolitis unspecified, acute bronchiolitis caused by other organism, acute 
bronchiolitis caused by respiratory syncytial virus (RSV) and acute bronchitis unspecified 
§ Pneumonia diagnoses include: pneumonia unspecified, pneumonia caused by viral agent, pneumonia caused by 
RSV, adenoviral pneumonia, pneumonia due to Streptococcus pneumoniae and bronchopneumonia 

9.13.5 Admission to intensive care unit 

7% of the respiratory cases (n=26) had been admitted to the intensive care unit in their first year of life 

due to acute respiratory tract infections. No further specific analyses were performed within this thesis on 

this group of children. 

9.13.6 Age distribution (Figure 9.8) 

The median age at first ARI admission for an upper ARI was 61 (IQR: 40-162) days and for a lower ARI 

was 181 (IQR: 63-266) days. The pattern of age distribution of children admitted with an acute URI versus 

an acute LRI differed. Most of the ARI admissions occurred during the first third of infancy whereas, after 

a peak in the first 50 days, LRI admission were then evenly distributing through the remainder of infancy.  

Figure 9.8: The age distribution for ARI hospital admission in the cohort children during infancy. 

 

9.13.7 Season of birth and season of admission 

Of the 384 children hospitalised at least once during infancy with an ARI, the proportion born in each 

season did not differ: spring 28% (95% CI 22%-31%), summer 27% (95% CI 23%-32%), autumn 18% 

(95% CI 14%-22%) and winter 27% (95% CI 22%-32%) (p=0.35). In contrast, the proportion of first ARI 
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admissions varied with each season of hospital presentation (p<0.001). One half (50%) of ARI admissions 

(95% CI 44%-54%) occurred in the winter (June-August) months, 26% (95% CI 22%-31%) in spring 

(September-November), 12% (95% CI 9%-16%) in summer (December-February) and 11% (95% CI: 8%-

15%) in autumn (March-May). 

9.13.8 Recurrent infections 

Of the 384 children admitted with an ARI in the first year of life, 287 children (75%) were admitted once, 

60 (16%) twice, and 37 children (10%) more than twice. Of these 97 recurrent ARI admissions, 16 (17%) 

were of children whose first ARI admission was an upper and 81 (83%) were of children whose first ARI 

admission was a lower ARI. The maximum number of ARI admissions in the first year of life was 10 (n=1).  

The risk of readmission varied depending on whether the first admission was upper or lower acute 

respiratory tract infections. In comparison with children whose first ARI admission was an upper ARI, 

children who were first admitted with a lower respiratory tract infection had approximately a two times 

greater risk of readmission (OR=1.84; 95% CI:1.57-1.90). Within the lower respiratory infection subgroup, 

those children who were first admitted with bronchiolitis had a three times greater risk of ARI readmission 

(OR=2.99; 95% CI: 1.47-4.39) compared to children whose first admission was another type of lower ARI. 

9.13.9 Comparison of ARI admissions as defined by the NMDS versus parental report 

Data reported at the CAPI completed when the cohort children were 9 months old included parent 

reported data on whether the child was admitted to hospital with an ear infection, cough (upper respiratory 

tract infection) or bronchiolitis, pneumonia, chest infection, wheezing, bronchitis, asthma, or croup (lower 

respiratory tract infection) from birth to up to 9 months of age. The self-reported data was then compared 

with the admission records on the NMDS (Table 9.4).  

The NMDS data covered the time period from birth to age one year whereas the self-reported data was 

collected when the children were 9 months of age. For this comparison, we filtered the NMDS to include 

ARI hospital admission data only until the date when the 9 months CAPI was completed for each child. 

There were 372 children (93 upper and 279 lower ARI) identified from the NMDS to have been 

hospitalised with an ARI up to the date when the 9 month CAPI was completed for each child. Of these 

372 children, 291 (78%) were reported by their parent to have been hospitalised with an ARI.  

There were 311 children whose parent at the nine month CAPI said they had been admitted to hospital 

with an ARI. Of these 311 children, 291 (94%) had an ARI admission recorded in the NMDS (Table 9.4).  

Table 9.4: A comparison of self-reported data and hospital records data showing hospitalisations from 
respiratory tract infections. 

 Admitted to 
hospital with an ARI 

as identified from 
the NMDS 

 

Yes No Total 
Admitted to hospital with an 
ARI as identified from parental 
report at the CAPI completed 
at age 9 months 

Yes 291 20 311 

No 93 5972 6065 

 Total 384 5992 6376 
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The kappa statistic was 0.83 (95%CI 0.80-0.86), which is consistent with very good agreement (329). 

Using a hospital admission documented in the NMDS as the gold standard, parental report of a hospital 

admission had a sensitivity of 76%, specificity of 99%, positive predictive value of 94% and negative 

predictive value of 98%. Thus parental report of no hospital admission is probably sufficient to be able to 

exclude hospital admission for an ARI, if we relied solely upon parental report of hospital admission as 

our measure of ARI hospitalisations we would underestimate the total number of ARI hospital admissions 

in the cohort by 24%. 

9.13.10 25(OH)D concentrations of respiratory cases and controls (Table 9.5) 

The mean 25(OH)D concentration in the cases and controls from the Growing Up in New Zealand cohort 

was 58 ± 22 nmol/L, with mean 25(OH)D concentrations in respiratory cases significantly lower than the 

controls (49 vs. 60 nmol/L, p<0.001). A higher prevalence of vitamin D deficiency (25(OH)D <50 nmol/L) 

(54% vs. 35%, p = 0.036) and of severe vitamin D deficiency (25(OH)D <25 nmol/L) (7% vs. 4%, p = 

0.015) was observed for the respiratory cases than controls respectively. 

Table 9.5: Comparison of vitamin D status of case and control participants. 

Variable All 
participants Cases Controls p value 

Mean (± SD) 25(OH)D concentration (nmol/L) 58 ± 22 49 ± 15 60 ± 23 <0.001 
Prevalence of vitamin D deficiency (<50 nmol/L) 498 (37%) 141 (54%) 383 (35%) 0.036 
Prevalence of severe vitamin D deficiency (<25 
nmol/L) 

61 (5%) 17 (7%) 44 (4%) 0.015 

9.14 Risk factors for ARI hospitalisation in the first year of life- Univariate and 
Multivariate analyses 

9.14.1 Maternal Demographic factors (Table 9.6) 

The demographic variables: (1) gender, (2) ethnicity, (3) socioeconomic status as measured by 

household deprivation, (4) parity and (5) relationship status were found to be statically significant in the 

univariate model as well as in the distal, distal intermediate, and proximal intermediate models. These 

variables were included in the final model and have been adjusted for the mediating roles of maternal 

use of folic acid or iron supplementation during the first 3 months and since the first 3 months of 

pregnancy, use of multivitamin supplements before pregnancy, during the first 3 months and since the 

first 3 months of pregnancy, maternal sun exposure (in hours) during pregnancy, birthweight, gestational 

age, overcrowding, dampness, condensation in the house, immunisation status, time spent outdoors by 

infants (in hours) and 25(OH)D status at birth. 

The odds of an ARI hospital admission during infancy were increased for children: of male (OR=1.62, 

95% CI 1.12-2.35) versus female gender; of being a subsequent child (OR=1.63 95% CI: 1.09-2.44) 

versus being first born, of Maori (OR=2.08 95% CI: 1.31-3.32) or Pacific (OR=3.42 95% CI: 1.98-5.91) 

versus European ethnicity; living in households in areas of high (OR=3.10, 95% CI 1.87- 5.12) versus low 

deprivation, of women having a partner during pregnancy (OR=2.80 95% CI: 1.24-6.33) versus those that 

did not have a partner. 
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9.14.2 Maternal health and health related behaviours (Table 9.7) 

The maternal health and health-related behaviour variables: (1) maternal use of folic acid or iron 

supplementation during the first 3 months and (2) since the first 3 months of pregnancy, (3) use of 

multivitamin supplements before pregnancy, during the first 3 months and since the first 3 months of 

pregnancy, (4) maternal sun exposure (in hours) during pregnancy were found to be statically significant 

in the univariate model as well as in the distal intermediate and proximal intermediate models. These 

variables were included in the final model and have been adjusted for the confounding roles of gender, 

ethnicity, household deprivation, parity and maternal relationship status and mediating roles of 

birthweight, gestational age, overcrowding, dampness, condensation in the house, immunisation status, 

time spent outdoors by infants (in hours) and 25(OH)D status at birth. 

The odds of an ARI hospital admission during infancy were increased for children of those women who 

did not take multivitamin supplements either before pregnancy, in the first 3 months of pregnancy or since 

the first 3 months of pregnancy (OR=1.95 95% CI 1.60-4.52) compared to those who did; and of those 

women who spent <1 hour per day outdoors during pregnancy (OR=2.11 95% CI 1.13-3.92) compared 

to those who spent at least 1-2 hours per day outdoors. The odds of an ARI hospital admission during 

infancy were increased for children of mothers who have not used folic acid or iron supplements in the 

first three months of pregnancy (OR=1.70, 95% CI 1.13- 2.56), and since the first three months of 

pregnancy (OR=1.78 95% CI 1.24-2.55) compared with those who used the supplements. The effect of 

maternal multivitamin supplementation, folic acid and iron supplementation and maternal sunlight 

exposure during pregnancy on ARI hospitalisation represents that not mediated through 25(OH)D 

concentrations at birth. 

Consumption of dairy or meat items on a weekly or monthly basis during pregnancy was found to have 

univariate associations with ARI hospitalisation but the same relationship was not observed when 

adjusted for 25(OH)D concentrations at birth in the final multivariate model. 
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Table 9.6: Demographic factors as risk factors for ARI in the Growing Up in New Zealand cohort.  

Demographic factors  Cases 
n=280 

Controls 
n=1065 

Unadjusted 
OR* p value Adjusted 

Match OR* p value 
Gender 
Male 164 (59) 502 (49) 1.47 (1.13-1.92) 0.005 1.62 (1.12-2.35) 0.011 
Female 116 (41) 523 (51) Reference   Reference   
Ethnicity 
European 69 (25) 504 (49) Reference  Reference  
Maori 106 (38) 214 (21) 3.61 (2.56-5.10) <0.001 2.08 (1.31-3.32) <0.001 
Pacific 84 (30) 137 (14) 4.47 (3.09-6.49) <0.001 3.42 (1.98-5.91) <0.001 
Asian 16 (6) 134 (13) 0.87 (0.49-1.55) 0.642 0.79 (0.39-1.62) 0.522 
MELAA§  and others 5 (2) 34 (3) 1.21 (0.41-3.61) 0.723 1.48 (0.45-4.49) 0.559 
Maternal age 
<20 years 19 (7) 39 (4) 1.29 (0.72-2.33) 0.383 0.91 (0.33-2.51) 0.854 
20-29 years 250 (89) 939 (91) Reference  Reference  
≥ 30 years 11 (4) 47 (5) 0.51 (0.39-0.68) <0.001 0.64 (0.23-1.73) 0.375 
Maternal education 
Secondary level or lower 115 (41) 265 (26) 1.18 (0.79-1.76) <0.001 1.01 (1.52-2.66)  0.407 
Tertiary level or higher  164 (59) 759 (74) Reference   Reference  
Maternal employment 
Employed 139 (51) 586 (59) Reference  Reference  
Unemployed  132 (49) 400 (41) 1.24 (1.51-3.32) <0.001 1.07 (0.73-1.57)  0.711 
Household deprivation‡ 
Least Deprived (1-3) 32 (11) 292 (28) Reference  Reference  
Intermediately deprived (4-7) 96 (34) 375 (37) 2.34 (1.52-3.59) <0.001 2.38 (1.38-4.09) <0.001 
Most Deprived (8-10) 152 (54) 358 (35) 3.88 (2.57-5.86) <0.001 3.10 (1.87-5.12) <0.001 
Household income† 
≤ 30K   28 (15) 74 (9) 2.47 (1.46-4.15) 0.001 1.10 (0.56-2.15) 0.773 
>30K ≤ 70K  70 (38) 217 (26)  2.10 (1.42-3.11) <0.001 1.49 (0.96-2.32) 0.079 
>70K ≤ 150K 55 (30) 359 (44) Reference  Reference  
> 150K 29 (16) 171 (21) 1.10 (0.68-1.79) 0.681 1.50 (0.89-2.51) 0.124 
Parity 
First child 80 (29) 413 (40) Reference    
Second or subsequent child 200 (71) 612 (60) 1.69 (1.27-2.25) <0.001 1.63 (1.09-2.44)  0.017  
Rurality 
Living in urban area 270 (96) 943 (92) 0.74 (0.33-1.08) 0.091 0.60 (0.51-3.02) 0.189 
Living in rural area 10 (4) 82 (8) Reference   Reference   
Had a partner (child 9M) 
Yes 203 (87) 907 (97) Reference  Reference  
No 30 (13) 31 (3) 2.14 (1.61-2.93) <0.001 2.80 (1.24-6.33)  <0.001 
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Table 9.6: Demographic factors as risk factors for ARI in the Growing Up in New Zealand cohort. (continued) 

Demographic factors  Cases 
n=280 

Controls 
n=1065 

Unadjusted 
OR* p value Adjusted 

Matched OR* p value 
Household structure 
Mother living alone 16 (6) 19 (2) 3.92 (1.97-7.81) <0.001 2.15 (0.66-7.10) 0.205 
Mother living with partner 150 (54) 700 (68) Reference  Reference  
Mother living with extended family 103 (37) 257 (25) 1.88 (1.40-2.51) <0.001 0.89 (0.57-1.39) 0.614 
Mother living with non-relatives 11 (4) 49 (5) 1.04 (0.53-2.06) 0.841 1.35 (0.57-3.23) 0.495 

*OR=odds ratio with 95% confidence interval 
† Median household income in NZ in 2010 was NZ$75,700 (330). 
‡ NZDep2006=New Zealand Index of Deprivation derived from the 2006 national census. 
§ MELAA= Middle Eastern, Latin American and African 
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9.14.3 Perinatal or birth variables (Table 9.8) 

The perinatal or birth variables: (1) birthweight, (2) gestational age were found to be statically significant 

in the univariate model as well as in the proximal intermediate model. These variables were included in 

the final model and have been adjusted for the confounding roles of gender, ethnicity, household 

deprivation, parity and maternal relationship status, maternal use of folic acid or iron supplementation 

during the first 3 months and since the first 3 months of pregnancy, use of multivitamin supplements 

before pregnancy, during the first 3 months and since the first 3 months of pregnancy, maternal sun 

exposure (in hours) and mediating roles of, overcrowding, dampness, condensation in the house, 

immunisation status, time spent outdoors by infants (in hours) and 25(OH)D status at birth. 

The odds of an ARI hospital admission during infancy were increased for children of low (OR=2.59 95% 

CI 1.70-3.91) versus normal birthweight or of preterm (OR=1.77 95% CI 0.87-3.63) versus term 

gestational age. 

9.14.4 Infant variables (Table 9.9) 

The infant variables: (1) overcrowding, (2) dampness in the house, (3) condensation in the room where 

child slept, (4) immunisation (not received on time), (5) time spent outdoors by infant (in hours) and (6) 

25(OH)D status at birth were found to be statically significant in the univariate model and proximal model. 

These variables were included in the final model and have been adjusted for the confounding roles of 

gender, ethnicity, household deprivation, parity and maternal relationship status, maternal use of folic 

acid or iron supplementation during the first 3 months and since the first 3 months of pregnancy, use of 

multivitamin supplements before pregnancy, during the first 3 months and since the first 3 months of 

pregnancy, and maternal sun exposure (in hours). 

The odds of an ARI admission in the first year of life was increased for children who lived in houses with 

>3 people per bedroom (OR=1.84 95% CI 1.08-3.17) compared to children who lived with ≤3 people per 

bedroom, for children who lived in houses that were quite often, almost or almost always damp (OR=1.50 

95% CI 0.89-2.48) compared to children who lived in houses that were never, hardly ever or not very 

often damp; for children whose immunisation was not completed on time at the time of admission 

(OR=1.43 95% CI 0.89-2.27) compared to children who received their vaccinations on time; for children 

who spent <1 hour per day outdoors (OR=1.68 95% CI 1.09-2.77) compared to children who spent at 

least 1-2 hours outdoors, and for those children who were vitamin D deficient at birth (<50 nmol/L) (OR= 

2.14 95% CI 1.01-3.21) compared to children born with sufficient vitamin D levels. 25(OH)D concentration 

analysed as a continuous variable shows that a 10 nmol/L increase in 25(OH)D concentration 

corresponds to reduced odds of ARI hospitalisation (OR=0.86 95% CI 0.61-1.09).The effect of infant sun 

exposure on ARI hospitalisations represents that not mediated through 25(OH)D concentration at birth. 



 

140 

Table 9.7: Maternal health and health-related behaviours as risk factors for ARI hospitalisation in the Growing Up in New Zealand cohort during infancy. 

Maternal health and health-related 
behaviours 

Cases 
n=280 

Controls 
n=1065 

Unadjusted 
 OR* p value Adjusted 

Matched OR* p value 
Self-rated maternal health 
Poor or Fair 36 (13) 86 (8) 1.61 (1.06-2.44) 0.023 1.40 (0.78-2.57) 0.269 
Good, very good or excellent 243 (87) 939 (92) Reference   Reference   
Doctor diagnosed illnesses 
Never 113 (40) 444 (43) Reference    
Any time before and during pregnancy 167 (60) 577 (57) 1.19 (0.89-1.61) 0.239    
Smoking status during pregnancy 
Smoking  38 (16) 82 (9) 2.03 (1.34-3.08) 0.001 1.05 90.56-1.98) 0.872 
Stopped smoking or never smoked 195 (84) 857 (91) Reference   Reference   
Drinking status  
Alcohol use during pre-pregnancy  
No alcohol 87 (31) 255 (25) Reference  Reference  
Less than 1 drink 47 (17) 196 (19) 0.84 (0.48-1.47) 0.085 0.70 (0.47-1.05) 0.546 
More than 1 drink 145 (52) 573 (56) 1.02 (0.62-1.69) 0.054 0.74 (0.54-1.01) 0.937 
Alcohol use during pregnancy 
No alcohol 207 (74) 710 (69) Reference  Reference  
Less than 1 drink 31 (11) 112 (11) 0.94 (0.62-1.45) 0.811 0.91 (0.52-1.61) 0.749 
More than 1 drink 41 (15) 203 (20) 0.69 (0.48-1.02) 0.052 0.37 (0.20-0.69) 0.669 
Maternal Body Mass Index (BMI) 
<18.5 kg (Underweight)  5 (2) 30 (3) 0.88 (0.33-2.33) 0.804 0.59 (0.16-2.17) 0.436 
18.5 kg ≥ Normal < 25 kg 98 (45) 520 (56) Reference  Reference  
25 kg ≥ overweight < 30 kg  
and ≥ 30 kg (obese) 116 (53) 372 (40) 1.65 (1.22-2.23) 0.001  1.17 (0.79-1.72)  0.426 
Maternal use of supplements (Folic acid and iron) 
In the 3 months before pregnancy 
No  157 (67) 436 (47) 2.34 (1.73- 3.17) <0.001 1.15 (0.76-1.75) 0.484 
Yes 77 (33) 501 (53) Reference  Reference  
During the first 3 months of pregnancy       
No  74 (32) 127 (14) 1.64 (0.93-2.89) <0.001 1.70 (1.13-2.56) 0.010 
Yes 160 (68) 812 (86) Reference  Reference  
Since the first 3 months of pregnancy 
No  90 (39) 186 (20) 1.51 (0.95-2.40) <0.001 1.78 (1.24-2.55) 0.002 
Yes 143 (61) 752 (80) Reference   Reference   
Nutrition: MOH recommended: 
Vegetables and fruits 
No 181 (77) 705 (75) 1.14 (0.81- 1.61) 0.440   
Yes 53 (33) 236 (25) Reference    
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Table 9.7: Maternal health and health-related behaviours as risk factors for ARI hospitalisation in the Growing Up in New Zealand cohort during infancy. 
(continued) 

Maternal health and health-related 
behaviours 

Cases 
n=280 

Controls 
n=1065 

Unadjusted 
OR* p value Adjusted 

Matched OR* p value 
Breads and cereals 
No 153 (65) 694 (74) 0.67 (0.49- 0.91) 0.011 1.09 (0.71-1.67) 0.689 
Yes 81 (35) 247 (26) Reference  Reference  
Milk and milk products 
No 103 (44) 361 (38) 1.26 (0.95- 1.69) 0.114   
Yes 131 (56) 580 (62) Reference    
Meat, eggs and meat alternatives 
No 167 (71) 744 (79) 0.66 (0.48-0.91) 0.012 1.22 (0.74-2.04) 0.431 
Yes 67 (29) 197 (21) Reference   Reference   
Foods rich in vitamin D  
Dairy products (including whole milk, cheese, paneer, yogurt & ice-cream) 
Daily (1 to 4 times) 59 (26) 224 (24) Reference  Reference  
Weekly (1 to 5 times) 158 (69) 676 (74) 0.88 (0.63-1.24) 0.485 0.66 (0.30-1.44) 0.299 
Monthly (1 to 3 times) 11(5) 19 (2) 2.19 (0.99-4.87) 0.052 0.74 (0.32-1.98) 0.144 
Meat products (including chicken breast, seafood-fish, shellfish, & eggs) 
Daily (1 to 4 times) 20 (9) 51 (6) Reference    
Weekly (1 to 5 times) 199 (87) 812 (88) 0.62 (0.36-1.07) 0.088 0.63 (0.16-2.27) 0.495 
Monthly (1 to 3 times) 9 (4) 56 (6) 0.54 (0.21-3.68) 0.045 0.41 (0.17-0.98) 0.536 
Spread (including butter, margarine, margarine-butter blend) 
Daily (1 to 4 times) 65 (66) 200 (57) Reference    
Weekly (1 to 5 times) 27 (27) 129 (37) 0.64 (0.39-1.06) 0.085   
Monthly (1 to 3 times) 6 (6) 23 (7) 0.80 (0.31-2.05) 0.647   
Multi-vitamin supplements (including 3 months before pregnancy, in the first 3 months of pregnancy and since the first 3 months of pregnancy 
Yes 110 (48) 617 (67) Reference <0.001 Reference <0.001 
No 118 (52) 300 (32) 2.20 (1.64-2.96)  1.95 (1.60-4.52)   
Sun exposure during pregnancy 
Less than 1 hour / day 19 (8) 43 (5) 1.89 (1.06-3.38 0.031 2.11 (1.13-3.92) 0.014 
1-2 hours per day 106 (47) 454 (49) Reference  Reference  
More than 2 but less than 3 hours per day 43 (19) 219 (24) 0.84 (0.57-1.24) 0.383 0.86 (0.57-1.30) 0.497 
>3 hours per day 59 (26) 202 (22) 1.25 (0.87-1.79) 0.221 1.15 (0.78-1.70) 0.468 

*OR=odds ratio with 95% confidence interval 
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Table 9.8: Perinatal and birth variables as risk factors for ARI hospitalisation in the Growing Up in New 
Zealand cohort during infancy. 

Perinatal and birth 
variables 

Cases 
Yes 

Controls 
No Unadjusted OR p value Adjusted 

Matched OR p value 
Birthweight 
<2500g: low birth weight 24 (9) 33 (3) 2.94 (1.70-5.10) <0.001 2.59 (1.70-3.91) <0.001 
2500-4000g: normal* 199 (71) 807 (79) Reference  Reference Reference 
>4000g: high birth weight 57 (20) 185 (18) 1.24 (0.89-1.75) 0.087 1.26 (0.85-1.86) 0.241 
Gestational age 
Preterm (<37 weeks) 33 (12) 53 (5) 2.45 (1.55- 3.87) <0.001 1.77 (0.87-3.63) 0.001 
Term (37-41 weeks)† 247 (88) 972 (95) Reference  Reference  
Mode of Delivery 
Vaginal delivery 200 (71) 674 (66) Reference    
All other deliveries  80 (29) 351 (34) 0.77 (0.57- 1.03) 0.074   
Birth season 
Winter / Spring 136 (49) 482 (47) 1.06 (0.82- 1.39) 0.816   
Summer / Autumn 144 (51) 543 (53) Reference    

*Normal weight and high weight (>4000g) were combined due to low cell numbers 
†Term and post-term combined due to low cell numbers in post-term category 

9.15 Summary of independent risk factors of ARI hospitalisation in the first year of life 
in the Growing Up cohort 

The variables that showed independent associations of ARI admission in the first year of life are listed 

here and their Forrest plots are shown in Figure 9.9.  

 Demographic variables: 

o Maternal Pacific ethnicity.  
o Maternal Maori ethnicity.  
o Mother having no partner during pregnancy. 
o Living in a household in an area of high deprivation. 
o Not being a first child. 
o Male gender.  

 Maternal health and health related behavioural variables 

o No folic acid or iron supplement use in the first 3 months of pregnancy or since the first 3 
months of pregnancy. 

o No multivitamin supplements before pregnancy, during the first 3 months and since the first 
3 months of pregnancy. 

o Spending <1 hour per day outdoors over the preceding month (adjusted for 25(OH)D 
concentrations at birth). 

 Perinatal and infant variables  

o Birthweight of < 2500 g. 
o Gestational age of <37 weeks. 
o Living in a household with >3 people/bedroom.  
o Living in a damp house. 
o Sleeping in a bedroom room with heavy condensation. 
o Not receiving infant immunisations on time. 
o Spending <1 hour/day outdoors over the preceding month (adjusted for 25(OH)D 

concentrations at birth). 
o Vitamin D deficiency at birth (25(OH)D) <50 nmol/L. 
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Table 9.9: Infant variables at 9 months as risk factors for ARI hospitalisation in the Growing Up in New Zealand cohort 

Infant variables Cases 
Yes 

Controls 
No 

Unadjusted 
 OR p value Adjusted 

Matched OR p value 

Child care 
Looked after by grandparents, nanny and other relatives 37 (51) 154 (52) Reference    
Day-care, home-based care 35 (49) 142 (48) 1.03 (0.61- 1.72) 0.923   
Nutrition 
Baby ever tried fruits and vegetables 
No 263 (94) 991 (97) 0.99 (0.38-2.58) 0.044 0.53 (0.29- 0.98) 0.791 
Yes 16 (6) 32 (3) Reference  Reference  
Baby ever tried bread and cereal 
No 23 (8) 33 (3) 2.70 (1.56- 4.69) <0.001 1.03 (0.90-6.06) 0.481 
Yes 255 (92) 990 (97) Reference  Reference  
Baby ever tried milk and milk products 
No 43 (15) 154 (15) 1.03 (0.71- 1.49) 0.864   
Yes 235 (85) 869 (85) Reference    
Baby ever tried meat, eggs and meat alternatives 
No 17 (6) 63 (6) 0.99 (0.57- 1.73) 0.979   
Yes 261 (94) 960 (94) Reference    
If the child was ever breast-fed 
No  14 (5) 37 (4) 1.40 (0.74- 2.63) 0.291   
Yes 266 (95) 987 (96) Reference    
Exclusive breastfeeding duration 
 6months 247 (88) 901 (88) 1.03 (0.68-1.55) 0.887   
6 months 33 (12) 124 912) Reference    
Ever had infant formula other than breast milk 
No  231 (83) 791 (77) Reference    
Yes 48 (17) 232 (23) 1.41 (1.00- 1.99) 0.027   
Presence of sibling (<5 years) in the same house 
No 150 (54) 651 (64) Reference  Reference  
Yes 130 (46) 374 (36) 1.50 (1.15- 1.97) 0.003 1.22 (0.80-1.84) 0.354 
Number of people / number of bedrooms 
≤ 3 people per bedroom 33 (12) 285 (28) Reference  Reference  
>3 people per bedroom 247 (88) 740 (72) 2.28 (1.96- 4.25) <0.001 1.84 (1.08-3.17) 0.026 
House heating 
Do you heat your house?       
No 50 (18) 88 (9) 2.31 (1.58- 3.37) <0.001 1.54 (0.83-2.89) 0.170 
Yes 230 (82) 937 (91) Reference  Reference  
House is damp where child lives? 
Never / hardly ever/ not very often 188 (68) 844 (83) Reference  Reference  
Quite often / always / almost always 88 (32) 172 (17) 2.09 (1.69- 3.10) <0.001 1.50 (0.89-2.48) 0.010 
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Table 9.9: Infant variables at 9 months as risk factors for ARI hospitalisation in the Growing Up in New Zealand cohort (continued) 

Infant variables Cases 
Yes 

Controls 
No 

Unadjusted 
 OR p value Adjusted 

Matched OR p value 

Heavy condensation in the room where baby sleeps at night? 
Never / hardly ever/ not very often 191 (69) 836 (82) Reference  Reference  
Quite often / always / almost always 86 (31) 185 (18) 2.03 (1.50- 2.75) <0.001 1.80 (1.10-2.97) <0.001 
In the past two weeks, mould or mildew on the walls and ceilings where baby sleeps at night? 
No 231 (83) 913 (89) Reference  Reference  
Yes 49 (18) 109 (11) 1.77 (1.23-2.56) 0.002 1.32 (0.74-2.36) 0.332 
Immunisation status 
Immunisation complete at time of admission 
No 25 (9) 51 (5) 1.87 (1.14-3.08) 0.01 1.20 (1.33-1.74) 0.441 
Yes 247 (91) 944 (95) Reference  Reference  
Immunisations on time at admission 
No 74 (30) 165 (18) 2.02 (1.47-2.79) <0.001 1.43 (0.89-2.27) 0.013 
Yes 172 (70) 777 (82) Reference  Reference  
Time spent outdoors 
Less than 1 hour / day 54 (32) 167 (22) 1.68 (1.04-2.48) 0.034 1.60 (1.09-2.77) 0.042 
1-2 hours per day 48 (29) 238 (32) Reference  Reference  
More than 2 but less than 3 hours per day 16 (9) 130 (17) 0.75 (0.33-1.17) 0.110 0.61 (0.38-1.47) 0.404 
>3 hours per day 50 (30) 214 (29) 1.16 (0.75-1.79) 0.509 1.12 (0.69-1.84) 0.635 
25(OH)D concentrations at birth 
<50 nmol/L 
No 107 (47) 592 (64) Reference  Reference  
Yes 121 (53) 327 (36) 2.05 (1.53-2.74) <0.001 2.04 (1.52-2.74) <0.001 
25(OH)D concentrations at birth as a continuous 
variable 280 1065 0.94 (0.88-0.99) 0.036 0.86 (0.61- 1.09) 0.012 
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In Table 9.10 the relative strength of the association of each of these variables with the risk of hospital 

admission with an ARI is shown in summary form. Amongst the demographic risk factors children whose 

mothers were of Pacific ethnicity and children living in households in the most deprived quintile had the 

highest odds of ARI admission (both variables with OR >3). The variables describing maternal pregnancy 

behaviours appeared less strongly associated with only one of these variables (spending <1 hour per day 

outdoors) having an odds ratio of 2 to 3. Low birth-weight (OR 2 to 3) was more strongly associated with 

the risk of ARI hospitalisation than was preterm delivery. Of the infant variables vitamin D deficiency was 

the one with the strongest association with risk of ARI hospitalisation (OR 2 to 3).  

Figure 9.9: Forrest plot of all variables that showed independent associations with the odds of hospital 
admission with an ARI during infancy.  

 

9.16 Discussion 

ARI hospitalisations during infancy were highly prevalent in this nationally representative sample of NZ 

children. 384 children or 6.4% of the children enrolled in the Growing Up in New Zealand cohort were 

hospitalised with an acute respiratory tract infection before their first birthday. A systematic literature 

review that described the global and regional burden of hospital admissions for severe ARIs in young 

children in 2010 reported an incidence rate of 46 per 1,000 in the American Region, 14 per 1,000 in the 

European region, and 43 per 1,000 for the Western Pacific Region (229). Our prevalence estimate of 64 

per 1,000 (95% CI: 39 -102) is higher than what was reported for the American and European regions 

and higher than the current estimate for the Western Pacific region. 

  

Male gender
Maori ethnicity

Pacific ethnicity
2nd or subsequent child

Deprivation (medium)
Deprivation (high)
Mother-no partner

No folic /iron 1st 3M
No folic acid or iron since 1st 3M

No multivitamin (before & preg)
<1 hour_outdoors (preg)

birthweight:<2500g
preterm:<37 weeks
>3people/bedroom

damp house
heavy condensation (room)
immunisations not on time
<1 hour_outdoors: infancy
25(OH)D birth:<50nmol/L

.3 .5 1 2 5 10
Odds ratio
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Table 9.10: Categorisation of odds ratios from risk factors of ARI admission in the Growing Up cohort. 

Major risk factors of ARI hospitalisation identified through multivariate analysis in the Growing Up in 
New Zealand cohort 

Demographic variables 
 Odd ratio values 

 <1 1-2 2-3 >3 
Male gender     
Maori ethnicity     
Pacific ethnicity     
Parity (2nd or subsequent child)     
Household deprivation-medium level     
Household  Deprivation- high level     
Maternal Relationship-no partner     

Maternal health & health-related behaviours 
Did not use folic acid or iron supplements in first 3 months of pregnancy     
Did not use folic acid or iron supplements since the first 3 months of pregnancy     
Did not use multivitamin supplements (before or during pregnancy)     
<1 hour per day spent outdoors during pregnancy     

Perinatal or birth variables 
Low birthweight (<2500g)     
Preterm gestational age (<37 weeks)     

Infant variables 
>3 people per bedroom     
Damp house     
Heavy condensation in room where child slept     
Immunisations not received on time     
<1 hour per day spent outdoors during infancy (0-9 months)     
25(OH)D concentrations at birth <50nmol/L     

The data and analysis presented in this chapter highlight that factors acting across the life course from 

pregnancy onwards independently influence the risk of a child being hospitalised with an ARI during 

infancy. Independent factors were present at all three phases of the child’s life: (1) antenatal, (2) perinatal, 

and (3) infancy. The hierarchical approach to multivariate analyses appears an appropriate method to 

examine the inter-relationships between the different risk factors and to allow these to be understood in 

a way that helps inform new preventative strategies. 

Previous studies have shown demographic variables such as indigenous ethnicity (234, 239, 247), male 

gender (234, 236, 237, 240, 241), young maternal age (36, 51) and winter season of birth (233) to be 

important risk factors for ARI hospitalisations during infancy. Our study showed that Pacific and Maori 

ethnicity and male gender are independently associated with an increased risk of ARI hospitalisations 

during infancy. No independent association was evident with young maternal age. As we matched on 

season of birth we were unable to investigate the relationship between this variable and risk of ARI 

hospitalisation. 

Maternal health and health-related behaviour particularly smoking during pregnancy has been shown to 

be associated with admissions from ARI in the first year of life (235, 237, 239, 241, 242). My study, in 

agreement with these studies, showed univariate associations of smoking during pregnancy with 

increased odds of ARI admission but independent association of smoking during pregnancy with ARI 

admission was not observed. A study on the Growing Up in New Zealand cohort that investigated the 

internal living environment and respiratory disease reported that smoking by mother or other members of 

the household was not associated with the risk of ARI episodes in the first five years of life after 

adjustment for maternal demographics and other measures of the internal living environment with gas 
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heating being the only measure of the internal living environment that was associated with the risk of ARI 

admissions (HR: 1.96; 95% CI: 1.21- 2.36) (331). The same study observed similar results when the 

analysis was restricted to ARI events in the first two years of life. The lack of association between tobacco 

smoke exposure and ARI can be explained by a decrease in smoke exposure over time (332, 333). 

Cigarette smoke exposure during childhood is decreasing compared to the 1990’s due to voluntary 

smoke-free homes, and changes in social norms with the realisation that “smoking around non-smokers 

puts them at risk”. This results in children, including those from households containing smokers, being 

less exposed to second hand smoke than in the past (332). 

In contrast to the lack of association of maternal smoking during pregnancy with the risk of ARI 

hospitalisation, several other maternal pregnancy health behaviours that were independent risk factors 

for ARI hospitalisation during infancy were found. These factors that were identified could be potential 

interventions during pregnancy to reduce the risk of a child being hospitalised during infancy with an ARI. 

The odds of an infant being hospitalised with an ARI were increased if, during the pregnancy, their mother 

was not taking folic acid, iron or multivitamin supplements either pre-pregnancy or during the pregnancy, 

or was spending <1 hour per day outdoors. A randomised placebo controlled double blind study on 260 

mother-infant pairs residing in Auckland showed the risk of primary care acute respiratory infection visits 

was decreased for infants whose mothers were supplemented from 27 weeks gestation to childbirth with 

2000 IU of vitamin D and their children from birth to 6 months with 800 IU of vitamin D had better vitamin 

D status (116, 334). Since my study showed that low vitamin D levels of <50 nmol/L puts children at risk 

of ARI admission, and Grant’s study showed that supplementation prevented primary care acute 

respiratory infection visits (334), a clinical trial to assess whether sufficient and improved vitamin D status 

decreased the risk of ARI admission is warranted.  

Sun exposure also has been documented by measurement of skin colour through reflectance calorimetry 

and calculation of sun exposure index through which amount and duration of sun exposure is estimated 

(335). However, this study has shown that vitamin D status was low in some participants even though 

sun exposure was abundant. A study that assesses whether participants with adequate sun exposure 

reduces the risk of ARI admission would be beneficial. 

 I was not able to investigate in detail whether the brands of food that the mothers included in their diet 

during pregnancy contributed to vitamin D status and hence had any association with ARI admission. A 

NZ study on 63 maternal-infant pairs that used brands of food to quantify dietary vitamin D observed that 

vitamin D intake from foods was low during pregnancy (336). The study reported a median maternal 

dietary vitamin D intake from food of 158 IU per day. Another study of 197 Canadian children <5 years of 

age reported that mean vitamin D intake of children admitted due to ARI was lower than those not 

admitted (48 vs 60 IU/Kg/day) (259). In my study, univariate associations were observed between 

maternal consumption of dairy or meat food items on a weekly on a monthly basis with ARI hospitalisation 

during infancy but this effect was not observed when adjusted for neonatal vitamin D status. 

Perinatal and birth variables such as low birth-weight (233, 235, 237, 240, 243, 245, 248) and preterm 

birth (232, 233, 235-238, 240, 243, 244, 248) have been shown to be associated with the risk of ARI 

hospitalisations. I found similar associations in this study with the odds of ARI hospital admission larger 
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for low birthweight (<2500 g) than for preterm birth (<37 weeks) (Table 9.8) (OR= 2-3 vs. 1-2). A Spanish 

study on 357 infants reported low birth weight (2000-2499 g) and preterm-birth (33-37 weeks) as risk 

factors of hospitalisation due to RSV infection (233). The odds ratio reported by this study for low birth 

weight (2.81, 95% CI 2.09-4.98) was stronger than preterm delivery (1.41, 95% CI 1.02-1.95) (233). In 

contrast, another case-control study of Danish children (n=1252) reported low birthweight and preterm 

birth as more equal contributors to ARI admissions (235). This study reported similar odds ratio for the 

two risk factors: OR = 1.43 (95% CI 1.10-1.97) vs. 1.42 (95% CI 1.10-1.95).  

Day care attendance has been reported to be associated with an increased risk of hospital admissions 

with ARI during infancy in several studies (234, 237, 238, 249, 250, 252). In contrast, our study did not 

find any associations of daycare attendance with the risk of hospital admissions with ARI. Daycare 

attendance was reported for only 337 of the respiratory cases and controls of this study; which is 

approximately 30% of the total respiratory cases and controls population. A study in Atlanta, USA of 102 

infants <2 year of age showed the association of daycare and ARI admissions where daycare 

arrangement involved >6 children (238). Day care attendance and ARI hospitalisation during infancy in 

the Growing Up cohort was not observed maybe due to two reasons: (1) the majority of Growing Up 

children were in care arrangements which involved <6 children or (2) due to missing data or similarities 

in the number of children in the case and control groups in the 2 different types of cares (in home care or 

outside homecare). 

Child nutrition factors such as breastfeeding (237-244, 249-258) and low vitamin D status has been 

shown to be associated with ARI admission in infants (101, 260, 263). We could not show any association 

with breastfeeding but our study did show that children who were vitamin D deficient (<50 nmol/L) at birth 

were at increased risk of ARI hospitalisation. My findings are in agreement with case-control studies of: 

(1) 25 Turkish babies (0-30 days old) where the mean 25(OH)D concentration of children admitted with 

lower ARI was lower than the controls (33 vs. 57 nmol/L) (101); (2) 206 newborns in Saudi Arabia, which 

showed that children who were hospitalised with lower ARI in their first two years of life had significantly 

lower 25(OH)D levels at birth compared to the controls (mean 25(OH)D 34 vs. 75 nmol/L; p<0.001) (263) 

and; (3) 1011 children <5 years of age admitted in Ethiopia due to pneumonia; reported that rickets was 

observed in 42% of cases and 2% of controls and the risk of rickets was 13 times more in children 

admitted with pneumonia than the controls (OR=13·37 [95% CI 8·08 - 24·22; p<0·001) (260).  

In the NZ context; consistent with the findings from my study, were the findings reported on the 

association between vitamin D status at birth and respiratory infection in early infancy (193). This study 

enrolled a cohort of 922 newborns born from 1997 and 2001 in Christchurch or Wellington as part of the 

NZ Asthma and Allergy cohort study. Parents were asked whether their child had a respiratory infection 

in the first 3 months of life. The 25(OH)D concentration in the cord blood samples of these newborns was 

measured  and an inverse relationship between 25(OH)D and parent-reported respiratory tract infection 

was shown (193). In contrast to this NZ study, my study utilised the national minimum dataset (hospital 

records) of children to identify all those children admitted with respiratory infection instead of self-reported 

data which I have shown in section 9.13.9 to under report ARI hospitalisations by 24%. My study 

investigated the relationship between neonatal 25(OH)D and ARI hospitalisations from birth to 1 year. 
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The findings from my study complement and provide more robust evidence to support the findings from 

this earlier New Zealand cohort study. 

The findings from my study of associations between poorer quality indoor living environments and the 

risk of ARI hospitalisation are in agreement with the findings from other studies that have shown 

associations between household crowding (230, 232, 238-241, 245, 246, 258), presence of dampness 

(246) and presence of siblings (<5 years of age) in the house (235-237, 240, 241) and the risk of ARI 

admissions. Due to financial reasons, many families in NZ share their homes with other families. This 

causes overcrowding. Crowding in NZ is highly prevalent with the most recent statistics showing that 10% 

of NZ households are overcrowded (337). Household overcrowding is more common in Maori (23%) and 

Pacific populations (43%) (337). Overcrowding increases the risk of transmitting infectious diseases and 

as seen through the findings of my thesis overcrowding is a risk factor for ARI admission. A substantial 

number of people on low incomes live in houses that are cold because they cannot afford to heat the 

house. Cold houses lead to dampness and condensation. About 300,000 houses in NZ have been 

estimated to be cold and damp (338). 

In addition of these household and environmental variables, this study was also able to show that children 

spending <1 hour per day outdoors (did persist after adjustment for neonatal vitamin D status) or who did 

not have an “up-to-date” immunisation status at the time of first ARI admission were at increased risk of 

ARI hospitalisation in the first year of life. The findings of my study are in agreement with a study of <5 

year olds residing in urban Auckland, involving 289 children hospitalised with pneumonia, 139 children 

with pneumonia discharged from Emergency Department and 351 children recruited from the community 

with no episodes of pneumonia (245). The study reported that there was increased risk of pneumonia 

associated with spending less time outside (OR =1.96 95% CI 1.11- 3.47). The immunisations given to 

infants in the first year of life in NZ consists of two vaccines: a diphtheria/tetanus/acellular 

pertussis/haemophilus influenzae type B/hepatitis B/poliovirus vaccine (DtaP-Hib-HepB-IPV) and a 

pneumococcal conjugate vaccine (PCV) (311). PCV vaccine is the one most likely to be helping as PCV 

has 30% efficacy against radiologically confirmed pneumonia in preschool aged children, with the 

greatest impact in infancy (339, 340). In 2011 there was an epidemic of pertussis in NZ when a proportion 

of the Growing Up in NZ children were still infants (341). Thus there is the potential DtaP-Hib-HepB-IPV 

also contributed to this decreased risk of ARI hospital admission.  

The main hypothesis of this thesis that “low neonatal levels of vitamin D increases the risk of ARI 

admissions in the first year of life” has been addressed. Children who were born with vitamin D deficiency 

(DBS 25(OH)D <50 nmol/L) had a two times higher odds of being hospitalised with an ARI in the first year 

of life (OR=2.04 95% CI 1.52-2.74) compared to children born with DBS 25(OH)D ≥50 nmol/L). In addition 

to being consistent with the earlier cohort study from NZ (193), my findings are consistent with those 

reported from a study of 1104 mother-child pairs in US in which the children of mothers with a lower intake 

of vitamin D during pregnancy had an increased risk of recurrent wheeze reported at 3 years of age (192). 

A study of Indian children (80 cases and 70 controls) aged 2-60 months showed that children who were 

admitted with severe ARI had increased odds of having vitamin D levels <22.5 nmol/L (262). 
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The systematic review in Chapter 4 of the thesis showed that vitamin D deficiency is highly prevalent in 

maternal and newborn populations worldwide. Mean 25(OH)D concentrations and % vitamin deficiency 

prevalence for the Western Pacific region was reported as 55 nmol/L and 54% respectively (172). In 

comparison to the Western Pacific regional estimate, the mean 25(OH)D and % vitamin D deficiency in 

the controls of my study differs slightly (mean 25(OH)D 60 nmol/L and % vitamin D deficient 35%). 

My study has several strengths. The demographic characteristics of the Growing Up in New Zealand 

cohort align with all births in New Zealand over the 2007-2010 timeframe within which the cohort children 

were recruited and born. The cohort is ethnically and socioeconomically diverse with information collected 

over six domains which allows us to examine a wide range of influences on respiratory health. We had a 

robust measure of hospital admission and showed that without linkage to hospital record data we would 

have underestimated the number of ARI admission by approximately one quarter had we been reliant 

upon parental report. Linkage to the medical records (National Minimum dataset) in order to identify 

respiratory cases minimised potential bias associated with self-reported data (342). In addition to this; we 

have validated our measure of DBS 25OHD which shows that measuring 25OHD on fresh and stored 

DBS samples is an accurate and robust measure of vitamin D status. 

A potential weakness of our study is that our linkage to hospital record data was incomplete. Linkage to 

477 Growing Up children’s’ NMDS hospital discharge data was not possible, because consent was not 

provided. A small proportion of children were not born in hospitals or birthing centres so they were not 

captured in the NMDS with a birth diagnostic code and many of these children have not been admitted 

for any illnesses in their first year of life. However, I have compared demographic variables of children 

whose NMDS data was not available versus those for whom NMDS was available and my analyses 

showed no demographic differences between the two groups (section 9.13.2). Since principal diagnoses 

were used to determine respiratory cases, case ascertainment may be affected by inaccuracies in 

individual data sources (324). There is a possibility that the child was seen or admitted for an ARI but had 

other complications such as fever, vomiting, dehydration and the principal diagnosis on NMDS was coded 

as fever instead of ARI. This inaccuracy on the NMDS may lead to missing of respiratory cases. We were 

not able to compare the relationship between maternal and newborn vitamin D status as maternal 

25(OH)D was not measured during pregnancy or at delivery. However, we used maternal dietary intake 

of vitamin D as an indirect measure of vitamin D status. However the level of detail in the dietary data 

collected was not sufficient to allow for types and brands of food items consumed during pregnancy to be 

identified and hence to quantify levels of vitamin D in the diet. The quantification of vitamin D in maternal 

diet would have been useful as an earlier NZ study has shown that vitamin D content from foods 

consumed during pregnancy is quite low (158 IU) for pregnant women (336). 

Hospitalisations from ARI place significant burden on health care systems. An evaluation done in 2010 

shows that the total cost in New Zealand associated with pneumococcal disease and otitis media is 

estimated to be $10 million dollars with 48% of the cost resulting from pneumococcal pneumonia (350). 

Children, who suffer from ARI early in life, may have poor lung function in adulthood thereby increasing 

the risk of recurrent infections and engendering further associated healthcare costs. Improving 

immunisation rates, fighting poverty, improving home environment and better access to healthcare 

particularly for the lower socioeconomic groups will decrease burden of ARI (351).  
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Chapter 10: Conclusion 

 
 

 

 

 

  



 

152 

10.1 Implications of study findings 

25-hydroxyvitamin D concentration was measured on dried blood spot samples collected through 

capillary blood sampling from heel prick as soon after 48 days of life as possible of the Growing Up in 

New Zealand study (respiratory cases and controls). The DBS samples were stored for more than five 

years. This PhD thesis through the two validation studies and the main study has shown that vitamin D 

can be accurately and successfully measured on minute blood samples and on archived or fresh DBS 

samples. The development of liquid chromatography tandem mass spectrometry (LC-MS/MS) assay 

capability here in a New Zealand lab creates the opportunity for expansion of vitamin D research in this 

country. 

New Zealand provides a unique setting with respect to vitamin D. We have a strong latitudinal gradient 

throughout the country, wide seasonal variation in sunlight exposure and an increasingly multi-ethnic 

population. In addition, unlike other countries very few foods are fortified with vitamin D, there are lower 

levels of supplementation, and, due to high rates of skin cancer in New Zealand, we have a sun-avoidance 

focus to our public policy. In order to develop and have relevant policy advice we needed a greater 

understanding of the health implications of vitamin D status, especially within the multi-ethnic New 

Zealand context.  

Early childhood is an age group of particular interest. The recent Health Loss in New Zealand Report (98) 

identified lower respiratory tract infections as one of the leading specific causes of disability adjusted life 

years lost in 0-14 year-olds. Children 0-1 year of age are highly vulnerable to ARI. The findings from this 

PhD research looked specifically at this age group and shows a high burden of ARI hospitalisations during 

infancy. Maori and Pacific children are over represented in hospital admissions for lower respiratory tract 

infections. The Growing Up in New Zealand study has been established to have adequate explanatory 

power for Maori and also with its large Pacific sample can address policy relevant questions that are 

particular issues for these ethnic groups. This PhD research project which utilised the strengths of 

Growing Up in New Zealand will help to build the evidence base for development of vitamin D policy in 

New Zealand in the important area of respiratory tract infections in infants. 

My PhD study has identified the mean DBS 25(OH)D concentration of the respiratory cases versus the 

controls to be 49 nmol/L vs. 60 nmol/L respectively. The regional mean 25(OH)D concentration for the 

Western Pacific region from Chapter 4 is 55 nmol/L. There is currently no population wide vitamin D 

supplementation policy in New Zealand for infants. Based upon the recent RCT in Auckland of vitamin D 

supplementation during pregnancy and infancy it is likely that the currently recommended vitamin D intake 

of 200 IU is not sufficient to maintain adequate population vitamin D status during infancy (86).  

Recently the Ministry of Health published advice on vitamin D and sun exposure in pregnancy and infancy 

in New Zealand (97). The advice was limited to vitamin D’s role in maintaining calcium and phosphate 

homeostasis and hence bone health and muscle function. I have discussed in chapter 3 of the thesis, the 

increasing interest in non-classical functions of vitamin D and its recognised role as an immune-modulator 

particularly respiratory infections. The findings from this PhD with respect to risk of ARI hospitalisation 

alongside those of the recent RCT which showed vitamin D supplementation prevents ARI primary care 
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visits, indicate the need for current MOH policy to be revised (97). Vitamin D has now been shown to 

have a broader role than just that related to bone health and calcium and phosphate homeostasis.  

Now would be an appropriate time for the Ministry of Health to review its policy recommendations on 

vitamin D. This PhD project which is part of the large Growing Up in New Zealand study provides new 

robust New Zealand specific evidence, that vitamin D deficiency is highly prevalent during infancy and 

those that have vitamin D <50 nmol/L at birth are approximately two times at higher risk of being 

hospitalised with a ARI in the first year of life.  

10.2 Recommendations for future research 

Now since we know that vitamin D deficiency is an independent risk factor for ARI admission and vitamin 

D supplementation improves vitamin D status of children, a randomised controlled trial that determines 

whether vitamin D supplementation reduces risk of ARI admission and the most effective supplementation 

dose would help to inform current policy around vitamin D.  

Since Growing up in New Zealand is a longitudinal study, another area of interest would be to follow up 

on the children who were admitted with an ARI during infancy (respiratory cases) at 10 years of age to 

investigate the vulnerability of these children to recurrent ARI admissions and for asthma. It would be 

interesting to investigate whether vitamin D status at birth is associated with the risk of developing these 

more chronic respiratory health problems.  
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Appendices 

Appendix A: Chapter 4 Supplementary Tables 

Supplementary Table S1: Manuscripts included in the review by WHO region and by their reporting of 
maternal and/or newborn vitamin D status. 

Decade when study 
performed 

Author, year of 
publication 

Populations for which 25(OH)D concentration 
described 

Maternal Newborn Maternal and 
newborn 

WHO region                                                              Americas 
1959-79 Hillman*, 197475    
 Gernand, 201326    
1980-89 Hollis, 198429    
1990-99 Waiters*, 199879    
 Bodnar, 2007 68    
 Bodnar, 200769    
 Bodnar, 200770    
2000-09 Weiler, 200580    
 Chan, 200672    
 Basile, 200762    
 Lee, 200777    
 Newhook, 200878    
 Merewood, 200930    
 Sloka, 200945    
 Ginde, 201027    
 Belderbos, 201163    
 Dror, 201173    
 Hollis, 201128    
 Collins- Fulea, 201224    
 Dror, 201274    
 Josefson, 201376    
 Eichholzer, 201325    
2010-14 Shand, 201058    
 Burris, 201271    

European 
1959-79 Heckmatt, 197988    
 Brooke, 198183    
1980-89 Cockburn*, 198084    
 Bouillon*, 198182    
 Delvin*, 198285    
 Shany*, 1984108    
 Mallet*, 198689    
 Axelson, 198881    
1990-99 Feleke*, 199931    
1990-99 Datta, 200233    
 Javaid, 200637    
 Gale, 200832    
2000-09 Pawley, 200491    
 Nicolaidou, 200690    
 Van der Meer, 0646    
 Dijkstra, 200764    
 Ergur, 200998    
 Holmes, 200935    
 Karatekin, 2009101    
 Yu, 200995    
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Supplementary Table S1: Manuscripts included in the review by WHO region and by their reporting 
of maternal and/or newborn vitamin D status (continued) 

Decade when study 
performed 

Author, year of 
publication 

Populations for which 25(OH)D concentration 
described 

Maternal Newborn Maternal and 
newborn 

 Leffelaar, 201038    
 Viljakainen, 201093    
 Baiz, 201260    
 Fernandez-A, 1234    
 Halicioglu, 201299    
 Vercruyssen, 201259    
 Haggarty, 201387    
 Weisse, 201394    
 Baiz 201461    
 Godang, 201486    
 Harvey, 201436    
2010-14 Sulaiman*, 201066    
 Streym, 201392    

Eastern Mediterranean 
1980-89 Serenius*, 1984107    
1990-99 Brunvand, 199641    
 Bassir, 200197    
 Andiran, 200296    
 Molla, 2005105    
2000-09 Ainy, 200639    
 Maghbooli, 2007104    
 Maghbooli, 200844    
 Salek, 2008106    
 Kazemi, 2009103    
 Asemi, 201040    
 Karim, 2011102    
 Hossain, 2011100    

South-East Asian 
1990-99 Namguang, 1998112    
 Jiang, 200543    
 Farrant, 200942    
 Krishnaveni, 201148    
2000-09     
 Sachan, 2005113    
 Sahu, 200951    
 Marwaha, 2011110    

Western Pacific 
1980-89 Seino*, 1982114    
 Specker, 199265    
1990-99     
 Camargo, 201067    
2000-09     
 Nishimura*, 2003111    
 Judkins*, 200654    
 Morley, 200655    
 Bowyer, 2009115    
 Teale, 201057    
 Lau, 201149    
 Perampalam, 201156    

 Shibata, 201152    
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Supplementary Table S1: Manuscripts included in the review by WHO region and by their reporting 
of maternal and/or newborn vitamin D status. (continued) 

Decade when study 
performed 

Author, year of 
publication 

Populations for which 25(OH)D concentration 
described 

Maternal Newborn Maternal and 
newborn 

2010-14     
 Thomas*, 2011180    
 Bendall, 201247    
 Novakovic*, 2012117    
 Song, 201353    
 Grant, 2014116    

African 
1990-99     
 Prentice,200950    
2000-09     
 Amukele, 2013109    

*Studies for which date of study sample enrolment was not available 
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Supplementary Table S2: Manuscripts included in review by the serum 25-hydroxyvitamin D (25(OH)D) 
concentration values used to describe vitamin D status. 

Author, year of 
publication 

Measure of vitamin D status reported 25(OH)D cut-off value used 

Mean serum 
25(OH)D 

Median 
serum 

25(OH)D 

Prevalence of 
25(OH)D 

concentration 
below a 

defined cut-
off value 

Studies 
which 

reported 
proportion 

with 
25(OH)D 

< 25 nmol/L 

Studies 
which 

reported 
proportion 

with 
25(OH)D 

< 50 nmol/L 
Hillman, 197475      
Heckmatt, 197988      
Cockburn, 198084      
Bouillon, 198182      
Brooke, 198183      
Seino, 1982114      
Delvin, 198285      
Hollis, 198429      
Shany, 1984108      
Serenius, 1984107      
Mallet, 198689      
Axelson, 198881      
Specker, 199265      
Brunvand, 199641      
Namguang, 1998112      
Waiters, 199879      
Feleke, 199931      
Bassir, 200197      
Datta, 200233      
Andiran, 200296      
Nishimura, 2003111      
Pawley, 200491      
Jiang, 200543      
Molla, 2005105      
Sachan, 2005113      
Weiler, 200580      
Ainy, 200639      
Chan, 200672      
Javaid, 200637      
Van der Meer46      
Judkins, 200654      
Morley, 200655      
Nicolaidou, 200690      
Lee, 200777      
Dijkstra, 200764      
Basile, 200762      
Bodnar, 200768      
Bodnar, 200769      
Bodnar, 200770      
Maghbooli, 2007104      
Gale, 200832      
Salek, 2008106      
Maghbooli, 200844      
Newhook, 200878      
Farrant, 200942      
Sahu, 200951      
Kazemi, 2009103      
Ergur, 200998      
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Supplementary Table S2: Manuscripts included in review by the serum 25-hydroxyvitamin D 
(25(OH)D) concentration values used to describe vitamin D status. (continued) 

Author, year of 
publication 

Measure of vitamin D status reported 25(OH)D cut-off value used 

Mean serum 
25(OH)D 

Median 
serum 

25(OH)D 

Prevalence of 
25(OH)D 

concentration 
below a 

defined cut-
off value 

Studies 
which 

reported 
proportion 

with 
25(OH)D 

< 25 nmol/L 

Studies 
which 

reported 
proportion 

with 
25(OH)D 

< 50 nmol/L 
Karatekin, 2009101      
Yu, 200995      
Merewood, 200930      
Sloka, 200945      
Holmes, 200935      
Bowyer, 2009115      
Prentice, 200950      
Teale, 201057      
Camargo, 201067      
Ginde, 201027      
Shand, 201058      
Leffelaar, 201038      
Sulaiman, 201066      
Viljakainen, 201093      
Asemi, 201040      
Hossain, 2011100      
Karim, 2011102      
Krishnaveni, 201148      
Marwaha, 2011110      
Lau, 201149      
Shibata, 201152      
Hollis, 201128      
Belderbos, 201163      
Dror, 201173      
Perampalam56      
Thomas, 2011180      
Novakovic, 2012117      
Collins-Fulea24      
Burris, 201271      
Dror, 201274      
Fernandez-Alonso34      
Vercruyssen59      
Baiz, 201260      
Halicioglu, 201299      
Bendall, 201247      
Haggarty, 201387      
Streym, 201392      
Weisse, 201394      
Song, 201353      
Amukele, 2013109      
Gernand, 201326      
Eichholzer, 201325      
Josefson, 201376      
Harvey, 201436      
Baiz, 201461      
Grant, 2014116      
Godang, 201486      
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Appendix B: Chapter 4 Meta-analysis calculation 

The following information was extracted from the publications in order to calculate the weighted average 
for each region: 

 Mean. 
 Standard deviation (SD). 
 Sample Size (N). 

Standard error (SE) 

If this was not given then it was calculated using the number of individuals (N) in each study, it can 
be calculated by: 

  

Relative Weight (W) 

When SE is known, then the relative weight (W) of each study can be calculated by: 

 W = 1/SE2 

An example: (assuming they include 500 and 2000 persons): 

 

Study mean SD N SE W W% W%×mean 
1 24 10 500 0.4472 5.000 23.2% 5.574 
2 21 11 2000 0.2460 16.529 76.8% 16.123 

Total    0.2155 21.529 100.0% 21.698 
 

The total SE is calculated as  =  = 0.2155. 

Weight percentage (W%) 
Weight percentage = relative weight (W) / sum of relative weight (  x 100 

Weighted mean 
Weighted average mean = weight percentage (W%) x mean 
 

The overall mean for each region was equal to the sum of the weighted mean average (example 5.574 + 
16.123) and is an estimate of the average vitamin D concentration among people in a region, calculated 
so that the studies with least uncertainty (smallest SE) or smallest standard deviation and larger sample 
size contribute most to the estimate. That is what the weighting does.  

If median is provided instead of mean 

 If there is only median and IQR given for some studies. These cannot be translated exactly to 
mean and SD, but this works approximately: Use the median as an estimate of the mean. 

 In a normal distribution the IQR corresponds to 1.35×SD, so you calculate SD as IQR/1.35.  

 

  



 

160 

Using prevalence data 

In table 6 you have proportions of vitamin-D deficient and insufficient persons. For an observed proportion 
(p), the corresponding standard error is: 

   

 

Again, you need the number of persons in each study. So if the 20% deficient in a study from USA is 
estimated among 700 persons, the standard error is: 

 = 0.015 
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Appendix C: Validation study 1 Study Flyer 
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Appendix D: Validation study 1 Ethics approval 
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Appendix E: Validation study 1 Consent and information sheet  

 
 

PARTICIPANT INFORMATION AND CONSENT FORM 

Version 2 Dated: 11th December, 2013   
Site: Centre for Longitudinal Research- Growing Up in New Zealand, School of Population Health, 
Tamaki Campus, 261 Morrin Road, Glen Innes. 
Project Title: Assessment of vitamin D status on dried blood spots: a validation study 
Investigators:  Associate Prof. Cameron Grant, Rajneeta Saraf  
 

The Participant Information and Consent Form is four pages long.  Please make sure you have all the 
pages. 

1. Your Consent 
 

Thank you for considering taking part of this study which is conducted at the Center for Longitudinal 
Research, University of Auckland, School of Population Health, Glen Innes.  

This participant information contains detailed information about the research project. Its purpose is to 
explain to you as openly and clearly as possible all the procedures involved in this project before you 
decide whether or not to take part in it.  

Please read the Patient Information carefully.  Feel free to ask questions about any information in the 
document. You may also wish to discuss the project with a relative or friend or your local health worker. 
Feel free to do this. 

Once you understand what the project is about and if you agree to take part in it, please confirm your 
interest through a return email or by calling us on the phone number provided. You will be provided with 
a consent form that you will be asked to sign during your 30 minute appointment with a member of the 
Growing Up in New Zealand research team. 

By signing the Consent Form, you indicate that you understand the information and that you give your 
consent to participate in the research project. Appointment details for the interview and blood sample (s) 
collection will be sent out at a later date. You can clarify any other issues you may have during this 
session.  

You will be given a copy of the Participant Information and Consent Form to keep as a record. 

2. Purpose and background 
 

The purpose of this project is to see whether measurement of vitamin D in dried blood spots, taken 
through a “finger prick”, provide a valid measure of vitamin D status. Dried blood spot cards are absorbent 
cards with four circular marked areas. Four drops of blood obtained through finger prick are used to fill 
the four circular spots. 

This is a validation study and we will be measuring vitamin D concentrations in dried blood spots and 
comparing it with vitamin D concentrations in a blood sample collected in the usual way (needle and 
syringe) from the same person.  
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In the USA and Australia vitamin D is measured on dried blood spot samples. The simpler and less painful 
way of collecting the blood sample is the most common reason for preferring this method. We want to 
make this method available in New Zealand also. Vitamin D deficiency is a common problem in New 
Zealand.  

We are seeking your permission to measure vitamin D levels on dried blood spots and on a blood 
collected with a needle and syringe. A protocol for the measurement of vitamin D concentrations on dried 
blood spot cards have been developed by Canterbury Health Laboratories in Christchurch. Your samples 
will be used to validate this protocol. We will be the first in New Zealand to develop this way of measuring 
vitamin D status. Similar validation studies have been successfully performed in other countries such as 
the USA and Australia.  

If you wish to take part in this validation study, please confirm your participation through email or call us 
on the phone number provided.  

This study will provide a measure of your vitamin D status; and will validate the measurement of vitamin 
D concentrations using dried blood spots in New Zealand.  

A total of 40 people will take part in this study. 

3. Procedures  
 

Participation in this project requires your written consent. At the appointment the researcher will review 
the patient information sheet with you and you may ask any questions that you have. You will then be 
required to complete a consent form that will be provided during the meeting. Following completion of 
written informed consent a brief questionnaire will be administered where you will be asked some 
questions about personal details (name, residential address, ethnicity, height, weight, educational and 
employment history) and about factors of relevance to vitamin D status (for example time spent outdoors 
and clothing worn when outdoors).  

Once the consent form has been signed and questionnaire completed, you will be seen by a person who 
is skilled at collecting blood samples. Two blood samples will be obtained by this person. A 5ml blood will 
be collected in the usual way using a needle and syringe from a vein in your arm. Four drops of blood will 
be collected onto an absorbent card using a finger prick. Blood will be directly spotted from your finger 
onto the spot cards.  

All these procedures will be performed at the School of Population Health, University of Auckland, 261 
Morrin Road, Glen Innes. 

 

4. Collection and storage of tissue samples for research purposes 
 

By consenting to take part in this study, you consent to the collection of the two blood samples and 
measurement of vitamin D concentrations on these samples. All the samples collected at the School of 
Population Health will be sent to the Canterbury Health Laboratories in Christchurch within 24 hours of 
collection. These samples will be tested for vitamin D by Canterbury Health Laboratories and testing 
should be complete 3-5 days after collection. Any remaining blood samples will be destroyed by the 
Canterbury Health Laboratories in accordance with their laboratory disposal protocol. 

 

5. Possible benefits 
 

We will inform you of your vitamin D status if you take part in this study. This project will also validate the 
measurement of vitamin D status on dried blood spots.  
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6. Possible risks 
 

There are no risks to you. However, the site where blood is collected may become painful. 

7. Alternatives to participation 
 
You are entirely free to decide whether to participate in this study. If you agree to take part in the study, 
but then you change your mind later, all you need to do is let us know.  If the two samples have been 
collected, we will arrange for these samples to be destroyed, or they can be returned to you if that is your 
wish. 

8. Privacy, confidentiality and disclosure of information 
 

If you agree to provide two blood samples, your samples will be sent to Canterbury health Laboratories 
within 24 hours of collection. A code number will identify each sample (that is names will not be written 
on the blood samples themselves). The two blood samples will be labelled differently so the laboratory 
personnel are not able to match the samples. The file that links code numbers to each individual’s blood 
samples will be kept in a password-protected database, which only the investigators of this study can 
access.  

In any publication, information will be provided in such a way that you cannot be identified. 

9. Vitamin D results 
 

We will inform you of your vitamin D results in the manner that you have indicated on the consent form. 

10. Further information or any problems 
 

If you require further information or if you have any problems concerning this project, you can contact the 
project researchers. 

Rajneeta Saraf   09 3737599 extension: 81839 
email: r.saraf@auckland.ac.nz 

Associate Professor Cameron Grant  email: cc.grant@auckland.ac.nz  
                         

11. Participation is voluntary 
 

Participation in this research project is voluntary. If you do not wish to take part you are not obliged to. If 
you decide to take part and later change your mind, you are free to withdraw from the project at any 
stage.  

Your decision whether to take part or not to take part, or to take part and then withdraw, will not affect 
your relationship with the investigators of the study.  

 
12. Ethical guidelines 

 
This project will be carried out according to the guidelines set by the New Zealand Medical Council / 
Ethics Committee that protects the interest of people who agree to participate in human research studies. 
The ethical aspects of this research have been approved by the Northern B Health and Disability Ethics 
Committee (reference number: 13/NTB/193). 
 

13. Reimbursement for your costs 
 

There are no costs to you.  
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CONSENT FORM 
Version 2 Dated: 11th December, 2013   
Site: Centre for Longitudinal Research- Growing Up in New Zealand, School of Population Health, 
Tamaki Campus, 261 Morrin Road, Glen Innes. 
Project Title: Assessment of vitamin D status on dried blood spots: a validation study 
 

 I have read and I understand the information that describes the purpose and nature of this study.  
 The investigator or his delegate has discussed this study with me. I have been given ample time 

and opportunity to inquire about the details of the study and to decide whether or not to participate 
in this study. I have received answers that fully satisfy all my questions.  

  I understand that my participation in this study is completely voluntary and that I am free to 
withdraw from this study at any time without having to give a reason for withdrawing.  

 Having read this patient information and consent form and understanding the requirements of the 
study; my signature below indicates that I voluntarily consent to participate in this study and allow 
vitamin D analysis to be conducted on the two blood samples collected, provided that 
confidentiality is maintained.  

 I understand that I will receive a copy of this information and consent form. 
 

Notification of vitamin D test results 
Please let us know what you want us to do with your vitamin D test results. 
  

 

 

 

 

 
………………………………………………               ……………………………………………        ………………………………………… 
Subject Name                                        Subject Signature                          Date (DD/MM/YY) 
 

 
………………………………………………               ……………………………………………        ………………………………………… 
Name of person conducting consent     Subject Signature                          Date (DD/MM/YY) 
 

 

 

 

Yes, send me a copy of the results on the address provided 
No, do not send me a copy of the results 
Yes, please call to inform me of the results 
Yes, please call me only if there is a concern 
Yes, send a copy of my results to my GP 
Yes, send a copy of the results to my GP only if there is a concern 
No, do not send a copy of the results to my GP 
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Appendix F: Validation study 1 Questionnaire 
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174 



 

175 



 

176 
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Appendix G: Notification of Vitamin D Results 

 

 

NOTIFICATION OF VITAMIN D RESULTS 

Dear <Participant> 

I am writing to let you know of your vitamin D results from the Vitamin D validation study that you took 
part in.  

Your vitamin D result is …………………nmol/L. The interpretation of your vitamin D result is provided 
below. 

 

 

 
 
What do these vitamin D levels mean and what should I do? 
1. Vitamin D levels that are 50 nmol/L or higher are in the normal range 

 
2. Vitamin D levels that are 25 to 50 nmol/L are low but whether this is low enough to affect health is 

unknown.  Currently in New Zealand 27% of adults have vitamin D levels between 25 and 50 
nmol/L.1-3 

 
3. Vitamin D levels that are < 25 nmol/L are low and a small supplement with vitamin D is 

recommended for levels that are this low. 
The standard (PHARMAC-subsidised) tablet contains 1.25 mg (50,000 IU) of cholecalciferol 
(vitamin D).2 These tablets are registered medicines and are available on prescription from your GP. 
Other (non-PHARMAC-subsidised) vitamin D tablets are also available but for vitamin D deficiency, 
these dietary supplements are not recommended due to variations in dose, the quality of the 
manufacturing process and co-ingredients (some contain high levels of other vitamins and 
mineral).2 An individualised treatment programme may be required if your vitamin D levels are below 
25nmol/L and this can be discussed with your GP.  

  
Please do not hesitate to contact me if you require any further information regarding your vitamin D 
results. Thank you once again for taking part in this important study. 

Associate Prof. Cameron Grant                                                            Rajneeta Saraf 
Principal Investigator                                                                             Study Investigator 

1. Ministry of Health. Vitamin D Status of New Zealand Adults: Findings from the 2008/09 New 
Zealand Adult Nutrition Survey. Wellington: Ministry of Health, 2012. 

2.  Ministry of Health and Cancer Society of New Zealand. Consensus Statement on Vitamin D and 
Sun Exposure in New Zealand. Wellington: Ministry of Health, 2012. 

3.  University of Otago and Ministry of Health. A Focus on Nutrition: Key findings of the 2008/09 New 
Zealand Adult Nutrition Survey. Wellington: Ministry of Health, 2011. 

Range (nmol/L) Interpretation 
<25 Vitamin D deficiency 

25-50 Vitamin D insufficiency  
50-150 Normal vitamin D status 
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Appendix H: Consent for the use of Dried Blood Spot cards (Guthrie cards) 

AMENDMENT TO ETHICS APPLICATION 
NTY/08/06/055 

 
 
 
 
 
 
 
 
 

GROWING UP IN NEW ZEALAND 
4.5 Year Data Collection Wave 

 
 
 
 
 
 
 
 
Full Project Title: Longitudinal Study of New Zealand Children and Families 
Short Project Title: Growing Up in New Zealand 
Principal Investigator: Dr Susan M B Morton 
  
Address of Principal Investigator: School of Population Health & The Liggins Institute 
 Faculty of Medical and Health Sciences 
 The University of Auckland 
 Private Bag 92019 
 Auckland 1020 
  
Work Phone No: (09) 923 9268 
Fax: (09) 373 7624 
Mobile No: (021) 829 323 
E-Mail: s.morton@auckland.ac.nz 
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BACKGROUND 
This amendment is to the Longitudinal Study of New Zealand Children and their Families, known as 
“Growing Up in New Zealand”.  
 
The total study sample is made up of (i) a group of 204 children who are the “Leading Light” group, and 
who serve as a dress rehearsal for final testing and fine tuning of study instrumentation and data collection 
procedures; and (ii) a second group of 6822 children, who constitute the “Main Cohort”.  The total study 
sample was recruited from the Auckland, Counties Manukau, and Waikato District Health Board (DHB) 
regions. These localities were selected in order to ensure the births reflect the diversity of New Zealand’s 
population in terms of ethnicity, socioeconomic status, and rural/urban mix.  
 
At recruitment the child’s mother gave consent for the child to participate in a longitudinal study designed 
to continue from before birth, until their child is 21 years old.  At the time of the 2-year interview, 94% 
(6413) of these children remained enrolled in the study, and retention at the age of 4.5 years is on track 
to maintain this rate.   
 
This is a further data collection wave of this study, and involves collecting data from the mothers when 
the children are aged approximately 4.5 years old. With their consent, we will also be linking the children’s 
data from health and education providers, accessing the stored “Guthrie Cards” and taking four non-
invasive biological samples (three skin swabs and one saliva sample). 
 
The initial phase of the study was reviewed and approved by the Northern Y Ethics Committee in 2008 
(Ref # NTY/08/06/055). To date, multiple additional amendments have been approved, including for data 
collection waves very similar to this one. 

CURRENT STATUS 
Data has been collected by: face-to-face interviews antenatally, when the children were 9 months old 
(pre-interview call at 35 weeks) and when the children were 2 years old (pre-interview call at 23 months).; 
Phone interviews were completed when the children were 6 weeks, 16 months, and 31 months old.  At 
the present time, the 45 month phone interview has been completed for the Leading Light group and will 
soon be initiated for the Main Cohort. 

TIMEFRAME FOR NEXT INTERVIEW 
This amendment seeks permission for: 
 

a) a pre-interview phone call when the children are approximately 53 months old; 
b) a face-to-face computer-assisted personal interview (CAPI) when the children are approximately 

4.5 years (54 months) of age; 
c) linkage to routine health and education data 
d) access to the stored Guthrie Cards collected by the Newborn Screening Unit; 
e) collection of four non-invasive samples (elbow skin swab, nose swab, throat swab, saliva sample) 
f) follow-up “retention” phone calls approximately every six months up until the age of seven. 

 
The data collection wave encompasses the piloting of research tools with the “Leading Light” group, as 
well as data collection with the “Main Cohort”. 
 

 Dress Rehearsal Main Cohort  Duration 
53M Retention Phone Call  Mar 2013–May 2013 Sep 2013–Aug 2014 18months 

54M Face-to-Face Interview Apr 2013–June 2013 Oct 2013–Sep 2014 18months 

Follow up “retention” Phone 
Call Every six months until age of seven 
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PARTICIPANTS 
Participants in this data collection wave will be all the children retained since the beginning of the study, 
and the mothers of these children. 
 
Over time families change and the main caregivers who initially agreed to participate may not always 
remain in the household. Therefore we have developed a decision tree to assist in the identification of 
the most appropriate people for interview during the current data collection wave (see Appendix A). This 
decision tree will be used as a guide during the appointment phone call when we call the family to invite 
them to participate in the next data collection wave. We are especially keen to retain links with 
biological/birth parents, and thus have instituted measures to keep in touch with these people, especially 
if they continue to spend significant amounts of time with the child. 
 
In this phase of the study we will interview the person most involved in the day-to-day life of the child, and 
in most cases this will be the child’s mother. If the current mother is not the person who was interviewed 
previously (e.g., in the case of adoption or whāngai, blended families, fathers with sole custody, etc.), a 
new mother consent form will be issued (Appendix B).  

Consent 

Consent to participate in the Growing Up in New Zealand study has already been obtained. However we 
make it clear when informing participants about each new data collection wave that they may opt out at 
any particular data collection point for any reason and that they can temporarily suspend their participation 
if they wish.  Given that the children will be 4.5 years of age at this time, their mothers have already 
consented on the children’s behalf (see Mother Consent Form, Appendix B). Consent for linkage to the 
child’s health and education data, access to the Guthrie card, and consent for the biological samples will 
be sought at the time of CAPI interview.  
 
There are seven occasions during the CAPI when the children will be invited to participate in an activity. 
We would also like to weigh and measure them during the home visit, and to collect four non-invasive 
samples. Should the child express any objection to being involved, this will be considered an indication 
that they do not wish to participate in the activity, and efforts to involve them in the activity will cease. This 
will be explained more fully below. 

RESEARCH PROCEDURES 
Key research goals for this part of the study are: 
 

1. Completion of a pre-interview call with the mother when the child is approximately 53 months old. 
2. Completion of a CAPI interview with the mother when the child is approximately 54 months old. 
3. Linkage to the routine health and education data (Appendix I). 
4. Access to the child’s ‘Guthrie card’ collected as part of routine new-born screening  
5. Collection of four non-invasive samples from the child 
6. Observation of the mother and child interacting 
7. Observation of the child completing seven age-appropriate activities 
8. Completion of follow-up retention calls approximately six-monthly up until the age of seven. 
9. Retaining a high proportion of the children and families in the study. 
10. Carrying out multi-disciplinary analyses of the information collected from families as their children 

grow up. 

Contacts 

For this data collection phase, the contacts with participants will be: 
 

 A pre-interview Phone Call  
 A CAPI Interview  
 Follow-up “Retention” Phone Calls 
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Procedures and Instrumentation 

Pre-interview Phone-Call 
When the children are 53 months of age, the mother will be contacted by phone to determine who is 
present in the house where the child lives the most, and if the participants interviewed previously still live 
there. Several questions about the capacity of the house and modes of household transport are also 
gathered. 
 
A decision tree (see Appendix A) has been developed to assist in the identification of the most appropriate 
person for interview (as previously employed at the 2 year DCW). Contact details are confirmed and 
participants are informed that a trained Growing Up in New Zealand interviewer will call to arrange a 
suitable time for the interview. Participants are informed about the face-to-face interview, the information 
sheet and the consent form at this time.  This call will take approximately 10 minutes. 
 
Following the phone call, the information sheets and consent forms will be sent to participants in advance 
of the interview.  The forms will be completed and collected by the interviewer at the pre-school face-to-
face interview.  This will ensure participants are aware of what is involved for this part of the study, and 
have adequate opportunity to clarify any aspects they may not be sure about. We will continue to operate 
and 0508 free phone to answer any questions that may occur prior to the interview. 

4.5 Year interview 
When the children are approximately 4.5 years of age, we will conduct a face-to-face interview with the 
mother (if she has agreed to participate). Questions in the interview relating to the child’s growth and 
development are specific to each child, and to accommodate multiple births these questions will be 
repeated for each child. It is anticipated that interviews with mothers will take about 20 minutes each. 
Questions specifically about the child will take a further 30 minutes, but slightly longer if there are twins 
or triplets. 
 
The interview items are provided in Appendix D.  This interview will be converted into a format suitable 
for administration in a CAPI environment, and showcards, briefing notes, and administration instructions 
for interviewers will be added. Items directed at the mother are labelled M, while those asked of the parent 
about the child, i.e. child proxy questions, are labelled CP. 
 
A number of age-appropriate activities will be undertaken with the child, led by the interviewer (who will 
be fully trained in administration of the activities).  An activity for the mother and child to complete together 
will be observed by a fully trained interviewer.  Instructions for all of the activities and for the parent-child 
interaction activity are in Appendix E. 
 
Should the child, for any reason, not wish to participate in any of the activities, the activity will be skipped, 
and the next set of items in the interview will be started immediately. Age appropriate activities have 
previously been successfully undertaken at the 2 year interview. 
 
Anthropometric measures of the child will be completed by the interviewer (namely height, waist 
measurement and weight). These were previously successfully undertaken when the children were 2 
years old and are described in Appendix E. 
 
Four non-invasive samples will be taken from the child (if consent obtained).  These will include a swab 
of the skin inside the elbow, a swab of the skin inside the nose, a swab of the throat and a sample of 
saliva, collected according to standard clinical procedures.  These samples will be collected by the 
interviewer, who will be fully trained in collecting the samples.  Should the child, for any reason, not wish 
to have the samples taken, this will not be done and the next set of items in the interview will be started 
immediately. 
 
As in the previous data collection phases, information obtained from the interviews with the Leading Light 
group will be used to amend the interview questions, either in part or in full, for the Main Cohort data 
collection. Feedback will therefore be sought from the Leading Light group about the research process 
as well as the questions, and modifications to the data collection tools will be made as appropriate. 
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Follow-up Retention Phone Calls 
A phone call primarily for retention purposes and to maintain contact with the family will be made 
approximately every six months up until the child is approximately seven years of age.  This will also allow 
us to update contact details and inquire further about the child’s progress and wellbeing. These phone 
calls will take approximately 10 minutes. 

ANALYSES 
Descriptive statistics, including proportions with 95% confidence intervals, means with standard 
deviations, and medians will be used to describe the health status, social development, psychological 
status, family configurations, behaviours, cultural affiliations, health and other service utilisation, and 
related outcomes of the participants and their families for the overall population, and specific population 
subgroups (e.g., by ethnicity, geographical characteristics, socio-economic status) initially at key points 
in the development of the child. Regression analyses (linear or logistic) will be used to investigate 
differences between and within important subgroups at these time points. 
 
Analyses of the longitudinal data which will be collected as the cohort progresses require the use of 
statistical techniques that allow the correlated nature of the data to be modelled. Generalised linear mixed 
models are an appropriate statistical method, and depending on the specifications within the model, can 
be used for normally distributed data (linear mixed models), binary, ordinal, or categorical data (non-linear 
mixed models) to investigate changes over time and the moderation of relationships by other factors over 
time. These models can also account for variability at individual and community levels. 
 
The effect of resiliency factors—measured at several levels, namely child, family, neighbourhood, and 
societal—on social development and health related outcomes will be investigated. Models will also 
include appropriate demographics, potential confounding variables, and hypothesised risk factors. 
 
The saliva samples will be used for extraction of DNA.  The sample will be collected using the commercial, 
non-invasive, Oragene collection kit which has been well validated for this purpose.  The DNA will be 
used to measure specific genetic variation and to understand how this interacts with the environment the 
child is growing up in to influence health and well-being outcomes.  For example, we will examine the 
genes that control how our immune system responds to infection and determine if there are genetic 
patterns of immune function which help explain why some children develop serious illnesses following an 
infection whereas others do not.  
 
The skin samples will be used to measure the amount of bacteria present, specifically Staphylococcus 
aureus and Streptococcus pyogenes, and to understand how the bacteria living on our skin influence 
health and well-being.  We are focussing on these two bacteria because they cause a lot of serious 
disease in New Zealand both as a direct result of infection by them and as a result of our immune 
response to infection, for example rheumatic fever which occurs as a result of the immune system 
response to Streptococcus pyogenes infection.  
 
The Guthrie Cards will be accessed to measure the amount of specific nutrients in blood around the time 
of the child’s birth.  In the first instance we are interested in measuring Vitamin D and correlating this to 
subsequent risk of infectious disease.  Additionally we are interested in obtaining DNA from the Guthrie 
Card, to measure the epigenetic markers at the time of birth, to compare to the epigenetic markers present 
at the time of the child’s 4.5 year preschool interview.  It is our intention to apply for Guthrie card “punches” 
form the National Screening Unit (in accordance with their research procedures).   

RISK 

Participants 

There are no anticipated physical or psychological risks or side effects to children, mothers, partners, or 
third parties in this study. However, where the study interviewer has any concerns, they will advise 
mothers or partners to contact their primary health provider as appropriate. Also, at the completion of the 
antenatal interview mothers were provided with an information pack, which includes contact details for 
support agencies that might be useful in the pre-school period. We also provide access to a free phone 
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number to speak to a trained staff member and the study website includes additional links to support 
agencies. 

Interviewers 

As for the previous interviews, study participants will be interviewed in their own homes by fully trained 
interviewers. Interviewers will always carry mobile phones, and they will be briefed about safety matters. 
They will have clear guidelines about what procedures to follow, and appropriate people to contact 
(including their field managers or emergency services) should a crisis occur. Additionally, field managers 
will have a copy of the interviewers’ schedules on a daily basis, and interviewers are required to phone 
the office at the completion of each home visit. 
 
In conjunction with the protocols outlined above, a record will be kept of all adverse events, their 
management—and the outcome—which will be monitored by the study statistician in conjunction with the 
study’s medical advisory team. 

DATA SECURITY 
Data will continue to be stored in an anonymised password protected database. The Data Access 
Committee (DAC) will safeguard access to, use, and publication of results obtained from the anonymised 
data. Strict criteria for access to data have been established to protect participant information, as outlined 
in the original ethics application. 
 
Data will be mostly electronic from the moment of its collection as data for the study will primarily be 
collected via a Computer Assisted Personal Interview (CAPI), electronic surveys, and from already 
established electronic databases. Signed consent forms and all other non-electronic documentation 
containing identifying details will be stored in a locked filing cabinet, with all nominal data stored 
separately from the anonymised individual data (linked via an ID number only). 
 
The data will be stored indefinitely as this is a longitudinal study, and the Data Access Committee is 
responsible for its safekeeping. In the event the study finishes early, the data will be kept until the children 
reach 26 years of age. 
 
Participants will be provided with regular updates about the study in an aggregated and anonymised way. 
Individual results will not be released. Individual data will however remain the property of the participants 
throughout and they may request its destruction at any time. 

EXPECTED OUTCOMES OR IMPACTS OF THIS RESEARCH 
This longitudinal study will help us to understand the experience of growing up in New Zealand in the 21st 
century. It will provide a robust evidence base to inform policy development which recognises the cost-
effectiveness of early intervention and ensures brighter futures for the children of today, and for the New 
Zealand of tomorrow. 
 
The over-arching goal of the Growing Up in New Zealand longitudinal study is to optimise the 
development of every child born in New Zealand from early life through to adulthood. The data to be 
collected in this study from multiple domains and from the child and their family over time will create a 
valuable resource for the benefit of all New Zealanders. 
 
The study will be focused from the beginning on informing policy across sectors, including health. 
Examples of policy relevant issues that this phase of the project will provide information on include food 
and nutrition for pre-schoolers, enablers and barriers to accessing primary health care, serious childhood 
illnesses and immunizations, and influences on important early childhood education decisions. Also 
considered are factors such as childcare, parenting, support networks, and involvement with social 
service agencies. There is increased understanding of the importance of the early years of life for 
subsequent health and wellbeing, and the data collected during this phase of the study will identify the 
factors that are associated with optimising health during the preschool years, with optimising educational 
outcomes during school, and ultimately with health and wellbeing into adulthood. 
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APPENDIX A: DECISION TREE TO ASSIST WITH DEFINING THE 
PEOPLE TO BE INTERVIEWED 

 

 
 
 

 

CONTACT MOTHER FROM PREVIOUS INTERVIEW IN THE FIRST INSTANCE
Purpose of contact with mother is to enable us to complete the decision tree 

below and decide who should complete the 54M face to face interview  
If unable to contact mother after several attempts, go to the 2 Year Partner. If  2 
Year Partner is the primary carer and the mother is no longer involved interview  

the 2 Year Partner. If there is a new "mother" invite this person to participate.
If there are new caregivers, they will need to provide signed consent for long term 

study participation.

1

Mother still the primary 
carer

Mother receives 
face-to-face 
interview.

2

Antenatal Mother no longer 
involved (e.g., adoption or 

whāngai or mother's previous 
partner now primary carer)

Primary carer "Mother" 
receives face-to-face 

interview 
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APPENDIX B: MOTHER CONSENT FORM 
 
Caregiver consent form: Statement by MOTHER 
 
Lay title: Growing Up in New Zealand 
 
Principal Investigator: Dr Susan M B Morton 
 
 
This study has been given ethical approval by the Northern Y Ethics Committee (Ref # NTY/08/06/055). 
 
This means that the Committee may check at any time that the study is following appropriate ethical 
procedures. 
 
 

REQUEST FOR INTERPRETER 
 

 Circle one 

English I wish to have an interpreter Yes No 

Māori E hiahia ana ahau ki tetahi kaiwhakamaori /kaiwhaka pakeha 
korero Ae Kao 

Samoan Ou te mana’o ia i ai se fa’amatala upu Ioe Leai 

Tongan Oku ou fiema’u ha fakatonulea Io Ikai 

Cook Island Ka inangaro au i  tetai tangata uri reo Ae Kare 

Niuean Fia manako au ke fakaaoga e taha tagata fakahokohoko kupu E Nakai 

Mandarin    

 
 
Participant’s name  ________________________________________________________  
 
 

 I have read and I understand the information sheet for people taking part in Growing Up in New 
Zealand. 

 I have had time to think about whether I want to take part in Growing Up in New Zealand. 

 I understand that Growing Up in New Zealand is designed to gather information about New Zealand 
children and their families so we can improve the lives of children. 

 I have had a chance to use whānau support, a family member, or a friend to help me ask questions 
and understand the study. 

 I have had a chance to discuss this study and ask questions. I am satisfied with the answers I have 
been given. 

 I know who to contact if I have any more questions about the study. 
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 I believe that (my child) would have chosen and given their consent to taking part in this study if 
he/she had been able to understand the information that I have received and understood. 

 I know who to contact if anything happens which I think would be a reason to withdraw from the study. 

 I understand that taking part in this study is my choice and that I may leave the study at any time I 
wish. 

 I understand that the research team will keep my involvement in this study confidential, and that no 
material that could identify me will be used in any reports on this study. 

 
 
I give consent to being part of Growing Up in New Zealand, answering the  YES / NO 
interview questions and having my answers used for research. 
 
I would like a summary of the results of the study, as they are published. YES / NO 
 
 
Participant’s signature:  ________________________________________  

Printed name:  ________________________________________  

Date:  ________________________________________  

Address for results:  ________________________________________  

  ________________________________________  

  ________________________________________  

Project explained by:  ________________________________________  

Project role:  ________________________________________  

Signature:  ________________________________________  

Date:  ________________________________________  

 
 
 
Principal Investigator 
Dr Susan M B Morton 
Director, Growing Up in New Zealand 
University of Auckland 
0508 476 946 (0508 GROWINGUP) 
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APPENDIX D: INFORMATION SHEET ABOUT THE 54 MONTH 
CONSENTING PROCESS 

Participant Information Sheet and Consent Form 
 

Study title: Growing up in New Zealand 

Locality: University of Auckland Ethics committee ref.:  

Lead investigator: Dr Susan MB Morton Contact phone number: 0508 476 946 

 
We would like to invite you and your child to contribute to a new stage of Growing Up in New 
Zealand.  The purpose of this information sheet is to describe what is involved and how you 
could make this contribution, if you choose to do so.  Whether or not you take part is your choice.  
If you don’t want to take part, you don’t have to give a reason, and it won’t affect the care you 
receive or your involvement with the rest of the Growing Up in New Zealand study.  If you decide 
to take part now, but change your mind later, you can pull out at any time.  Once again, the 
Growing Up in New Zealand team would like to thank you and your family for giving so much of 
your time to the study and for helping to make New Zealand a better place for children to grow 
up. 
 
This information sheet sets out why we are doing the study, what your participation would 
involve, what the benefits and risks to you might be, and what will happen after the study ends.  
We will go through this information with you and answer any questions you may have.  We 
expect this will take about 5 minutes.  You may also want to talk about the study with other 
people, such as family, whānau, friends, or healthcare providers.  Feel free to do this. 
 
If you agree to take part in this aspect of Growing Up in New Zealand, you will be asked to sign 
the Consent Form on the last page, when the interviewer visits you for the 4.5 year interview.  
You will be given a copy of both the Participant Information Sheet and the Consent Form to 
keep. 
 
This information is 8 pages long, including the Consent Form.  Please make sure you have all 
the pages. 
 
1. Why are we adding a new stage to the study? 
 
Certain illnesses are very common in New Zealand, especially amongst our children.  These 
include illnesses we get through infections such as pneumonia, skin sores and rheumatic fever. 
Some children are more susceptible to these illnesses than other children.  We do not 
understand all of the reasons for why this is the case. 
 
It has generally been thought that illnesses occur partly because of natural characteristics of 
individual children and partly because of the environment in which they are growing up. As you 
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know from your involvement in Growing Up in New Zealand, our study is about trying to 
determine both these natural and environmental characteristics.  Through our previous 
questionnaires, we have already collected lots of information about the environment our children 
are growing up in to find out what leads to a happy and healthy childhood.  We would now like 
to understand how the characteristics that children have might interact with this environment to 
influence their health and well-being. 
 
Each person has a DNA make-up (their genes), which is unique except in the case of identical 
twins. The way that our genes are inherited, as well as the way that our genes interact with our 
environment, affects our health and wellbeing.  In this research, we will look at the interaction 
of genes and environment across a population of children.  We will not be looking for, or be able 
to identify, any genetic information or characteristics that relate to any individual. 
 
By undertaking this research, we believe we can understand some of the reasons for why 
certain illnesses occur in New Zealand children, and why they don’t. This would then lead to 
new ways of preventing and treating illness, new ways of making public health policy, and 
ultimately improving the health of our population. 
 
This study has received ethical approval from the Health and Disability Ethics Committee. 
 
2. What would your participation involve? 
 
There are four parts to the new research work that we are adding to Growing Up in New Zealand.  
Your participation would involve any or all of the following: 
 

1. Consent for us to access your child’s health and education records. 
2. Consent for your child’s “Guthrie Card” to be returned to us.  
3. Consent for us to take a nose swab, skin swab, throat swab from your child at their 

preschool interview. 
4. Consent for us to take a saliva sample from your child at their preschool interview. 

 
Data linkage 
We would like your consent to access routine health and education data from hospital and health 
centres, accident and medical centres, and education and formal child care providers, collected 
about your child during his or her preschool years and stored at these places and at the Ministry 
of Health and Ministry of Education.  Receiving these records reduces the number of questions 
that we need to ask you during the home visits or phone calls. 
 
Guthrie Cards 
We would like your consent to obtain blood spots from your child’s Guthrie Card, which is stored 
at the National Screening Unit, for research purposes.  Guthrie Cards are the ‘heel prick’ cards 
that hold the blood spots that are taken from each child when they are a few days old. They are 
used to check for a number of specific conditions and are stored.  We would like to measure 
additional substances in these heel prick blood spots in order to further understand the health 
of newborn babies and the health of children as they grow up.   
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Skin swabs 
We would like your consent to collect skin, throat and nose swabs from your child so that we 
can find out more about how the bacteria that normally live on the skin of a child contribute to 
these illnesses.  
 
Saliva sample 
We would like your consent to collect a saliva sample from your child so that we can identify 
how different genes contribute to different illnesses or other aspects of health and well-being.  
The saliva sample is being collected for this purpose.  This sample allows us to examine how 
genes contribute to your child’s health now.  In the future we would like to understand how 
genes were contributing to health when your child was born.  This will be done using the dried 
blood sample on the Guthrie card and comparing this to the DNA from the saliva sample. 
 
Consenting and collection process 
The samples and consents would be collected during the preschool home visit.  Using cotton-
buds, a trained interviewer will gently wipe the skin inside the elbow, the skin just inside the 
nose and the skin at the back of your child’s throat. Lastly your child will be asked to spit into a 
small container.  The process of taking these samples is not usually painful, and the interviewers 
will be well trained to do this quickly and gently.  These samples are exactly the same as what 
a doctor or nurse might take on a routine visit to a health centre. 
 
We expect it will take approximately ten minutes during the home visit to collect these samples.  
No additional visits are necessary, and your involvement in Growing Up in New Zealand is 
otherwise unchanged. 
 
The swab samples will be used for describing the bacteria that normally live on the skin, in the 
nose and in the throat.  The saliva sample will be used for preparing a sample for looking at 
genes.  
 
If you choose not to take part in these aspects of Growing Up in New Zealand then you would 
still have the preschool home visit but no swab samples will be taken from your child, no saliva 
sample would be taken from your child, and you would not provide consent for the health and 
education records, or for the return of the Guthrie cards.  You can consent to all, some or none 
of the requests.  You will still have the preschool home visit regardless of what you decide. 
 
3. What are the possible benefits and risks to you of participating? 
 
The collection of the samples is non-invasive.  The swab samples are not usually painful to 
collect.  The throat swab may sometimes be somewhat uncomfortable.  The sample collection 
will be conducted by well-trained field interviewers. 
 
There are no risks to you or your child from participating in this aspect of Growing Up in NZ. 
 
All of the information collected will be analysed in a group data-set.  This means that specific 
genetic information pertaining to individual children or families will not be discovered, interpreted 
or reported.  The results of the swab samples will be available through your GP if you would like 
to obtain this information. 
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There will be no direct benefits to you or child from taking part in this project. However, the 
information you give our researchers will potentially benefit children born in the future because 
your answers will help researchers to work on the causes of illness in children in New Zealand 
as well as the government and other agencies to make policies that improve the lives of all New 
Zealand children. 
 
It does not cost anything to take part in this aspect of Growing Up in NZ.  There may be a small 
gift to thank you for your involvement, but there is no direct compensation for participating. 
 
4. What would happen if you were injured in the study? 
 
If you were injured in this study, which is very unlikely, you would be able to apply for 
compensation from ACC just like if you were injured in an accident at work or at home.   
 
If you have private health or life insurance, you may wish to check with your insurer that taking 
part in this study won’t affect your cover. 
 
5. What are the rights of participants in the study? 
 
The information about your child and family is completely confidential. No information that could 
identify you or your child will be used in any reports on this study.  New findings from this 
research that might have an important impact on health will be shared with study participants 
through our regular reports and on the Growing Up in NZ website.  You will be able to discuss 
these results with your health practitioner. 
 
We will give the samples collected and copies of any routinely collected health data a code 
number on a computer at the University of Auckland. Your samples and data are always stored 
separately from your name and address details so these cannot be matched to you.  
 
Apart from the results from the swab samples, which will be available through your GP, we 
cannot give your individual results back to you.  This is because we will be not be able to look 
at any of the information from the Guthrie card or the saliva samples at the level of an individual 
person.  This information will not be matched to your child and so cannot be returned. 
 
It is your choice to take part in this aspect of Growing Up in New Zealand. You may take part in 
all aspects, or some aspects, or in one aspect or none at all. 
 
If you agree to take part, you will be able to change your mind at any time.  This will not in any 
way affect your participation in the wider Growing Up in New Zealand study. 
 
6. What will happen after the study ends, or if you pull out? 
 
The saliva sample/s will be sent to The University of Auckland, where a portion of the sample 
will be frozen and from the other portion, a sample of that allows genes to be described will be 
extracted.  The saliva and the extracted samples will be stored in a secure freezer compliant 
with standard biological and genetic sampling protocols.  The sample/s will be kept for the 
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lifetime of the study, along with the other information that you have already given us, at which 
point they will be disposed of, or returned to you, if that is your preference. 
 
Although the first analysis of the genes will be related to understanding common childhood 
illnesses, at various times in the future, the sample may be studied further to understand other 
important aspects of health and development.  We are particularly interested in epigenetics, the 
understanding how the environments your child has been exposed to since the time of their 
birth may have influenced the way their genes function. 
 
If you withdraw consent at any time in the future, your child’s saliva sample will be destroyed.  
It is possible that some information may have already been published as part of the study. We 
are unable to retract this information at this point.   
 
7. Where can you go for more information about the study, or to raise concerns or 

complaints? 
 
If you have any questions, concerns or complaints about the study at any stage, please contact:  
 
 A member of the Growing Up in New Zealand team 
 0508 476 946 (0508 GROWINGUP) 
 contact@growingup.co.nz 
 
If you want to talk to someone who isn’t involved with the study, you can contact an independent 
health and disability advocate on: 

 
Phone:  0800 555 050 
Fax:   0800 2 SUPPORT (0800 2787 7678) 
Email:   advocacy@hdc.org.nz 

 
You can also contact the ethics committee that reviewed and approved this study on: 
 
 Phone:  0800 4 ETHICS 
 Email:  hdecs@moh.govt.nz 
 
 

Statement of Approval 
This study has received ethical approval from the Health and Disability Ethics Committee 

(Ref NTY/08/06/055). 
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APPENDIX E: NEW CONSENT FORM FOR DATA LINKAGE, SAMPLES, 
and GUTHRIE CARD RETURN 

 
Caregiver consent form: statement by MOTHER  
 
Lay title: Growing Up in New Zealand  
 
Principal Investigator: Dr Susan MB Morton 
 
 
This study has been given ethical approval by the Northern Y Ethics Committee.  
 
This means that the Committee may check at any time that the study is following appropriate ethical 
procedures. 
 
 

REQUEST FOR INTERPRETER 
Circle one 

 

  
 
 
 
Participant’s name  ________________________________________________________  
 
 
 I have read and I understand the information sheet dated 17 December 2012 regarding the health and 

education data linkage and the collection of samples from the children enrolled in Growing Up in New 
Zealand. 

 I have had time to think about whether I want to take part these new aspects of Growing Up in New 
Zealand. 

 I understand that Growing Up is designed to get good information about New Zealand children and 
their families so we can improve the lives of children. 

 I have had a chance to use whanau support, a family member or a friend to help me ask questions 
and understand the new aspects of the study. 

 I have had a chance to discuss the new aspects of the study and ask questions.  I am satisfied with 
the answers I have been given. 

English I wish to have an interpreter Yes No 

Maori E hiahia ana ahau ki tetahi kaiwhakamaori /kaiwhaka pakeha 
korero Ae Kao 

Samoan Ou te mana’o ia i ai se fa’amatala upu Ioe Leai 

Tongan Oku ou fiema’u ha fakatonulea Io Ikai 

Cook 
Island Ka inangaro au i  tetai tangata uri reo Ae Kare 

Niuean Fia manako au ke fakaaoga e taha tagata fakahokohoko kupu E Nakai 

Mandarin    
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 I know who to contact if I have any more questions about the study. 

 I believe that my child (my children) would have chosen and given their consent to taking part in these 
new aspects of the study if he/she had been able to understand the information that I have received 
and understood.  

 I understand that providing access to my child’s health and education data and allowing collection of 
samples from my child is my choice and that I may withdraw from this aspect of Growing Up in NZ at 
any time I wish.  

 I understand that providing access to my child’s Guthrie Card for research purposes is my choice and 
that I may withdraw from this aspect of Growing Up in NZ at any time I wish 

 I understand that the blood sample stored on my child’s Guthrie card will be used to measure additional 
substances present in these blood samples in order to further understand the health of new-born 
babies and the health of children as they grow up.  In addition, the blood spots may be used to compare 
changes that naturally occur in DNA between birth and childhood, in order to understand how these 
changes affect the health of new-born babies and the health of children as they grow up. 

 I understand that the DNA from my child’s saliva will be used to understand how our genetic make-up 
influences the health and well-being of our children. 

 I understand that the DNA from my child’s saliva will be used in the future to understand other aspects 
of genetic influence on the health and well-being of children 

 I understand that all of the information that is gathered from this study will be analysed anonymously 
as part of the entire group of children. This means that no information pertaining to specific individuals 
will be discovered and consequently individual results will not be reported 

 I understand that the skin, nose and throat swab samples are to be used to understand how bacteria 
living on the skin of our children influences their health and well-being. 

 I understand that I can request to have my dependent’s DNA and sample destroyed at any time 

 I understand that the research team will keep my involvement in this study confidential, and that no 
material that could identify me will be used in any reports on this study. 

 
I give consent for routinely collected health data from my child to be given to Growing Up in New Zealand 
YES / NO 
 
I give consent for routinely collected education data from my child to be given to Growing Up in New 
Zealand YES / NO 
 
I give consent for my child’s Guthrie Card to be given to Growing Up in New Zealand YES / NO 
 
I consent to swab samples being taken from my child’s nose, throat and elbow, and for these samples to 
be used to determine the presence of the two most common bacteria, S. Aureous and S. Pyogenes YES 
/ NO 
 
I consent to a saliva sample being taken from my child, and for this to be used to prepare a sample of my 
child’s DNA YES / NO 
 
I consent to the storage of the saliva sample and the DNA sample for future research into the way our 
genetic make-up and our environment work together to influence our health and well-being of our children 
YES / NO 
 
I consent to my dependent’s DNA being retained for later use as part of other related research with other 
New Zealand research collaborators (subject to approval by a NZ Ethics Committee) YES / NO 
 
I would like a summary of the results of the study, as they are published YES / NO 
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Participant’s signature:  _______________________________________  

Printed name:   _______________________________________  

Date:  _______________________________________  

Address for results:   _______________________________________  

  _______________________________________  

  _______________________________________  

 

Project explained by:  _______________________________________  

Project role:  _______________________________________  

Signature:   _______________________________________  

Date:  _______________________________________  

THIS FORM WILL BE COLLECTED AT YOUR INTERVIEW. 
PLEASE DO NOT POST IT BACK 

 
Principal Investigator 
Dr Susan M B Morton 
Director  
Growing Up in New Zealand 
University of Auckland 

Other contact 
Growing Up in New Zealand 

free phone: 0508 476 946 
email: contact@growingup.co.nz 
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