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ABSTRACT 

Background 

An increase in body mass index (BMI) z-score and an unhealthy diet rich in sugar are known 

to be positively associated with asthma incidence, although the evidence is mixed. The 

link between scabies and asthma has never been investigated before. 

Aim 

I explored the relationship between BMI z-score, diet, and the incidence of childhood asthma 

in a cohort study group. The link between scabies and asthma was also investigated.  

Design 

I conducted a study of 6,854 children participating in the “Growing Up in New Zealand” 

cohort. Outcomes were diagnosis of “current” and “severe” asthma according to the 

International Study of Asthma and Allergies in Childhood (ISAAC) parental questionnaire 

when children were eight years old. Exposures were BMI z-score at two, 54 months, eight 

years, and dietary intake information collected using a food frequency questionnaire  (FFQ) 

administered when the children were two years and 54 months old. Scabies diagnosis was 

derived from either hospital diagnosis or prescription for permethrin. Food 

frequency questionnaire information was summarised into two principal 

components. Potential confounding factors, including gender, ethnicity, socioeconomic 

status, house dampness and mould, maternal smoking and breastfeeding, were included in 

the analysis. 

Results 

The prevalence of current and severe asthma was 10.9% (745/6,854) and 3% (207/6,854). 

The diagnosis of these conditions was more likely in boys, Māori children, and children living 

in the most deprived areas. Current asthma was also more likely in Pacific children. There is 

also a strong association between mothers who reported smoking cigarettes and both 

conditions. 

A t-test showed a statistically significant association between BMI z-score, measured in 

children 54 months and eight years old, with current asthma. The mean difference in BMI z-

score in children 54 months old was – 0.1311 (95% CI: -0.2306, -0.0316, p-value=0.009), 

which translated to a 221 grams difference for an average 54-months-old child of average 

height. 
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The crude odds ratio (OR) for BMI z-score at age 54 months and current asthma was 1.09 

(95% CI:1.02-1.17, p-value=0.008), but the association was no longer statistically significant 

after adjustment (OR=1.04, 95%CI: 0.97-1.12, p-value=0.255). 

The mean difference in BMI z-score at age eight years was –0.2267, which represents, for an 

average eight-year-old child of average height, a difference in weight of 2,070 grams between 

children with current asthma and children with no such diagnosis (p-value <0.001, 95% CI: -

0.319, -0.0862). The crude and adjusted ORs for BMI z-score at age eight years were 

respectively 1.13 (95% CI 1.07-1.20, p-value <0.001) and 1.08 (95% CI 1.02-1.16, p-

value=0.016). The adjusted measure represents a 1,600 gram difference for an eight-year-old 

child of average height. This positive association remained statistically significant in crude and 

adjusted analyses after gender, Māori ethnicity, and maternal smoking were introduced into 

the model.  

No association was identified between BMI z-score at two years and current asthma or 

between BMI z-score, assessed at two years, 54 months and eight years, and severe asthma.  

A chi-square test showed a positive association between unhealthy diet, represented by the 

highest quintile of the first two principal components derived from the food frequency 

questionnaire administered at two years and 54 months, and both current and severe asthma 

(p-value<0.001). Multiple logistic regression confirmed the same positive trend of association, 

although neither crude nor adjusted ORs were statistically significant. 

The prevalence of scabies in the cohort study group was 0.6% (41/6,854). No link between 

scabies and asthma was found. 
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Conclusions 

In this study,  a significant increase in BMI z-score, at 54 months and eight years, was observed 

in eight-year-old children with current asthma compared to children with no such diagnosis. 

These findings support the need to implement interventions to reduce excess body fat. This 

is especially so among Māori and Pacific children and children living in the most 

socioeconomically deprived neighbourhoods, who are also more likely to have a higher BMI 

and a diet rich in sugar. Moreover, the strong association between mothers who smoked 

cigarettes and asthma reinforces the need for interventions to help parents quit smoking. 

However, further research are needed to confirm the relationship between diet and asthma; 

and explore the link between scabies and asthma. 
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PREFACE 

The scope of my thesis is to explore the association between body mass index, diet, scabies 

and incidence of asthma in children enrolled in the cohort study “Growing Up in New 

Zealand”. 
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1 | INTRODUCTION 

 

Childhood asthma is a heterogeneous condition characterised by chronic inflammation of 

airway mucosa and reversible airway obstruction from bronchial smooth muscle constriction. 

Asthma is not a singular disease but an umbrella diagnosis of several diseases with distinct 

underlying mechanisms and variable clinical presentations.  

 

The clinical diagnosis of asthma is suggested by symptoms such as episodic breathlessness, 

wheezing, cough, shortness of breath and chest tightness, particularly at night or early 

morning.1 Episodic symptoms after incidental allergen exposure, seasonal variability of 

symptoms and a positive history of asthma are also helpful diagnostic aids. These episodes 

are usually associated with widespread but variable lung airflow obstruction, often reversible 

spontaneously or with bronchodilator treatment. In addition to clinical manifestations, for 

patients five years of age or more, measurements of lung function to confirm airflow 

limitation, and particularly the demonstration of reversibility of lung function abnormalities, 

increases diagnostic confidence.2 The degree of reversibility in forced expiratory volume in 

one second (FEV1) that indicates a diagnosis of asthma is generally accepted as ³12% and 

³200 mL from the pre-bronchodilator value. A useful assessment of airflow limitation is also 

the ratio of FEV1 to forced vital capacity (FVC). The FEV1/FVC ratio is normally >0.75-0.85; 

therefore lower values suggest the presence of airflow limitation. 

 

Early-onset atopic asthma is the most prevalent phenotype during childhood and young 

adulthood, after which the non-atopic form predominates among older age groups. 

Additional asthma phenotypes have been defined using a hypothesis-based approach, 

classifying patients into broad categories based on a single variable, including disease 

severity, symptom triggers, age at onset, inflammatory patterns, exacerbations, and airflow 

obstruction.3 

 

Asthma is characterised by dysregulation in the immune system. For example, in atopic 

asthma, there is elevated serum immunoglobin E (IgE), excess release of allergic mediators 

from mast cells, infiltration of eosinophils into the lungs and airway inflammation.4 There is a 
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clear association between asthma and atopy, which is the tendency to produce an 

exaggerated IgE immune response to common allergens. Atopic individuals are more prone 

to developing asthma and other allergic conditions, such as allergic rhinitis and atopic 

dermatitis, and asthma that is of increased clinical severity.5 

 

Asthma diagnosis can be made at any time in life. Most people with atopic asthma develop 

symptoms by the age of five years. Early life and childhood represent a critical exposure 

window for asthma development due to the plasticity, the susceptibility of airways and the 

incomplete maturation of the respiratory and immune systems.6  

 

At present, there is no standard operational definition of asthma to be applied in 

epidemiological studies in children, which warrants an impact on asthma prevalence.7 

However, the majority of epidemiological studies in children use the International Study of 

Asthma and Allergies in Childhood (ISAAC; http://isaac.auckland.ac.nz/)  core questionnaires 

reported by parents to assess the presence of current asthma (wheezing within the last 

twelve months), and disease severity (frequency of attacks, sleep disturbed and speech 

impairment, within the last twelve months).8   

 

The ISSAC is a worldwide epidemiological research programme, established, in 1991, to 

describe the global prevalence and severity of asthma, rhinitis and eczema in children, and 

provide a framework for aetiological research into lifestyle, environmental, genetics and 

health care factors affecting these conditions. The use of the ISAAC questionnaire in 

epidemiological studies in children was validated in relation to the gold standard being 

physician-diagnosed asthma.9 The positive and negative predictive values of ISAAC 

questionnaires versus physician diagnosis of asthma were 0.61 (0.50- 0.71) and 0.94 (0.88-

0.98), respectively. The sensitivity and specificity of ISAAC questionaries were respectively 

0.85 (0.73-0.93) and 081 (0.76-0.86) compared to physician diagnosis. The Youden index (Y-

index), the best statistical method of these comparisons, was 66%. Moreover, compared to 

the bronchial hyper-responsiveness (BHR) test, the ISAAC questionnaire showed greater 

sensitivity (85% versus 54%) and slightly lower specificity (81% versus 89%), with the gold 

standard being physician diagnosis.  
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1.1 | Prevalence of asthma 

Asthma is one of the most common chronic, non-communicable disease in children 

worldwide. Although the definitions used to diagnose asthma has a great impact on 

prevalence estimates, a standardized operational definition of asthma is still lacking. 10 The 

main multinational study of asthma prevalence is the ISAAC study in children and adolescents. 

According to ISAAC, in 2003, the global prevalence of asthma was 11.6% and 13.7% in children 

6-7 and 13-14 years old, respectively. 11 In New Zealand, the National Health Survey in 2017-

18 reported that one in seven children (14.9%), aged 2–14 years, had undergone asthma 

treatment. 12 

 

Numerous studies show that childhood asthma prevalence has risen in many countries since 

the middle of the twentieth century. Pearce et al.13 reported that the prevalence of asthma 

symptoms is generally high in English-speaking countries, Western Europe and some of the 

more affluent Asian countries. 

 

Globally, the prevalence of asthma varies with sex and age. Before puberty, asthma 

prevalence is higher in boys than girls (11.9% vs 7.5%, respectively), with this relationship 

then reversing after puberty with a higher prevalence of asthma in females than males. 14 

According to the New Zealand health survey 2017/18, 12 the prevalence of medicated asthma 

among children aged 2-14 years was 17.3% and 12.3%, respectively in boys and girls; 

therefore, boys were 1.4 times more likely than girls to have medicated asthma.  

 

Physiological differences between prepubertal children may explain these gender differences 

in asthma prevalence.  Prepubertal boys have increased markers of allergic inflammation and 

higher serum IgE concentrations, and smaller airway diameters relative to lung volume 

making them more likely to have asthma symptoms than girls. The switch in the prevalence 

of asthma by sex with puberty suggests that sex hormones can modulate pathways associated 

with asthma pathogenesis. Moreover, the pubertal development of chest wall musculature 

in boys might also contribute to the reduced asthma prevalence in the teenage period. 14 
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Asthma prevalence varies by ethnic group. In the US, asthma is more prevalent among African 

American children (17%) than other ethnic groups. 15 Ethnic-specific differences in asthma 

prevalence are present in New Zealand. According to the New Zealand health survey 2017/18, 

Māori children, New Zealand’s indigenous population, aged 2-14 years, had the highest 

prevalence (22.9%) of medicated asthma, followed by Pacific children (16.4%) and 

European/Other children (14.5%). Therefore, Māori children were 1.9 times more likely to 

have medicated asthma compared to non-Māori. 12 

 

In many countries, a lower socioeconomic position (SEP) is positively associated with asthma 

prevalence in studies of children and adults. Lower socioeconomic position (SEP) is positively 

associated with asthma prevalence in studies of children and adults, in many countries. A 

systematic review of Uphoff et al.16 showed that the odds of asthma prevalence for the 

highest compared with the lowest SEP was 1.38 (95% CI 1.37-1.39). This means that other 

conditions or factors associated with poverty may lead to asthma. Area deprivation is also 

consistently associated with a higher prevalence of hospital admission for asthma. According 

to the New Zealand Health Survey 2017/18, 12 children living in neighbourhoods from the 

most deprived areas had the highest prevalence of medicated asthma (19%), compared to 

children living in the least deprived areas who had the lowest prevalence (12.5%).  

 

Asthma places a significant burden on children, family life and healthcare systems. Asthma is 

ranked as the 14th most important disease worldwide in terms of years lived with disability. 

According to the American Lung Association, asthma is a major cause of school absences, and 

is the third leading cause of hospitalisation of children under the age of fifteen years. 17  

 

In New Zealand, the hospitalisation rate for asthma, in 2007, across all age groups, was 2.5 

times higher for Pacific people and 2.4 times higher for Māori than for other ethnic groups. 

People in New Zealand living in the most deprived quintile of households were admitted to 

hospitals for asthma almost three times more frequently than people living in households in 

the least deprived quintile of areas. 18 

 

Although most children with asthma achieve good symptoms control with standard 

treatment, a significant proportion of them have a severe disease, which shows resistance to 
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conventional therapies. Children with severe asthma have a significant additional health 

burden as they are prone to medication-related side effects, life-threatening exacerbations, 

and poor quality of life for children and their families. 19 According to the ISAAC study, the 

global prevalence of severe asthma among adolescents is 6.9%, ranging from 3.8% in Asian 

Pacific and Northern and Eastern Europe to 11.3% in North America. 11 

 

 

 1.2 | Aetiology of asthma 

The aetiology of asthma remains unknown, although scientific evidence supports several 

different hypotheses. Asthma is most likely attributed to the interactions between genetic 

susceptibility and modifiable risk factors, including host factors (obesity, nutritional factors, 

infections, allergic sensitisation) and environmental exposures (air pollution, pollens, mould).  

However, the mechanisms whereby these factors influence the development and expression 

of asthma are complex and interactive. Development aspects, such as the maturation of the 

immune response and the timing of the exposures during the first years of life, are also 

important factors that modify the risk of asthma in a genetically susceptible person.  

 

The Bradford-Hill Criteria, published in 1965, remain one of the most cited frameworks in 

health research as valid tools for aiding causal inference.20 Moreover, the recent advances in 

scientific fields (genetics, molecular biology, toxicology) and technology (software, statistics, 

analytical methods) have increased our analytical capability for exploring potential cause-

and-effect relationships. 

 

I am describing some l competing explanations, including the hygiene, dietary, antenatal and 

microbiological hypotheses, have been formulated as possible causes of asthma.  
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1.2.1 | Dietary hypothesis 

The concomitant epidemic increase in obesity and asthma in recent years suggests diet as a 

potentially important cause of asthma in children and adults.21 The epidemiological link 

between asthma and obesity was first suggested in a cohort study carried out in 85,911 

nurses, which found that the risk of developing late-onset asthma was statistically 

significantly increased with BMI³ 30 kg/m2 (OR= 2.6,95% CI 2.3 -3.1, p-value<0.010). 22 

 

Subsequently, several studies have shown an excess risk of developing asthma in obese 

subjects compared to normal weight people. Meta-analyses of prospective cohort studies and 

case-controlled studies show a positive association between obesity and asthma in children. 

According to the International Obesity Task Force (IOTF) criteria, the subjects were 

categorised into overweight for BMI ³85th to <95th percentile and obese for BMI³95th . The 

control group were subjects with no diagnosis of asthma and normal weight (BMI<85th 

percentile). The findings are summarised in table 1.  

 

A meta-analysis of eighteen prospective studies (73,252 children) conducted by Deng et al,23 

showed a significant association between overweight or obesity and the incidence of 

childhood asthma (OR=1.30, 95% CI1.23-1.39). Subgroup analysis showed that children with 

obesity (OR=1.40, 95% CI 1.29-1.52) were more likely to have asthma than children with 

overweight (OR=1.22, 95% CI 1.14-1.31), and girls with overweight or obesity (OR=1.34, 95% 

CI 1.16-1.56) were more likely to have asthma than boys with overweight or obesity (OR=1.27, 

95% CI 1.15-1.40). Asthma diagnosis was made either by doctor diagnosis or parental report. 

 

A meta-analysis of 16 case-controlled studies, conducted by Azizpour et al,24revealed a 

significant correlation between childhood BMI and asthma. The OR for the association 

between overweight and asthma was 1.64 (95% CI 1.13-2.38), and the OR for the association 

between obesity and asthma was 1.92 (95% CI 1.39-2.64), compared to normal weight 

children. Furthermore, the risk of asthma in overweight or obese girls was greater than in 

overweight or obese boys, but the relationship was not statistically significant, potentially due 

to a small number of studies and a limited sample size. The exposure group represented 

children and adolescents diagnosed with asthma by a physician or the ISAAC questionnaire.  
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Another meta-analysis, including six prospective cohort studies, conducted by Egan et al, 25 

examined the association between BMI z-score and subsequent physician-diagnosed asthma 

in children under eighteen years of age (25,734 children). In the results, the pooled risk ratio 

(RR) for overweight children having asthma was 1.35 (95% CI 1.15-1.58), and the combined 

RR of obese children having asthma was 1.50 (95% CI 1.22-1.83), compared with subjects who 

were of normal body mass (BMI <85th percentile). When the analyses were stratified by sex, 

the combined RR for the association of overweight with asthma was significant for boys 

(RR=1.41, 95% CI 1.05-1.88) but not for girls (RR=1.19, 95% CI 0.91-1.56). Obesity remained 

statistically significantly associated with asthma, both in boys (RR=1.40, 95% CI 1.01-1.93) and 

girls (RR=1.53, 95% CI 1.09-2.14).  

 

The above summary of studies indicates a dose-response relationship because the risk of 

developing asthma is proportional to the amount of excess body fat described by BMI; 

therefore, the association with asthma is stronger for obesity than for overweight. Additional 

support for the association between obesity and asthma is provided by studies of obese 

patients with asthma who had weight reduction  achieved by bariatric surgery and in whom 

asthma control and lung function improved following surgery. 26  

 

 

 

 

 

 

 

 

 



 

8 

Table 1. Summary of meta-analyses which explore the association between BMI and risk of asthma in children and adolescents. 

BMI: body mass index.  Overweight :BMI ³85th to <95th  , Obese: BMI ³95th  , normal weight: BMI < 85th percentile OR: odds ratio, RR: risk ratio.

 Study 

design 

Number 

of 

studies 

Sample 

size 

Age group 

 

Asthma 

diagnosis 

Exposure  

(control) 

 

Pooled 

estimates 

Total adjusted 

estimates  

(95% CI) 

Boy adjusted 

estimate 

(95% CI) 

Girls adjusted 

estimate 

(95% CI) 

Deng. et 

al 

2019 

Cohort 18 73 252 0-18 years Physician 

diagnosed. 

Parent reported. 

Overweight 

Obese 

Overweight or obese 

(normal weight) 

OR 

OR 

OR 

1.22 (1.14-1.31) 

1.40 (1.29-1.52) 

1.30 (1.23-1.39). 

 

 

1.27 (1.15-1.40) 

 

 

1.34 (1.16-1.56) 

Azizpour 

et al 

2018 

Case-

control 

16 cases: 

3 577 

Controls: 

4 820 

 

Children 

and 

adolescents 

Physician 

diagnosed. 

parent/adolescent 

reported 

Overweight  

Obese  

(normal weight) 

OR 

 

OR 

1.64 (1.13-2.38) 

 

1.92 (1.39-2.65) 

 

1.46(0.64-3.34) 

 

1.14 (0.62-2.09) 

1.51 (0.88-2.58) 

 

1.65 (0.95-2.89) 

Egan et 

al. 2013 

Cohort 6 25 374 

 

0-18 years Physician 

diagnosed. 

Overweight  

Obese  

(normal weight) 

Pooled RR 1.35 (1.15-1.58) 

1.50 (1.22-1.83) 

1.41(1.05-1.88) 

1.40 (1.01-1.93) 

1.19 (0.91-1.56) 

1.53 (1.09-2.14) 
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Even if most longitudinal studies support the idea that obesity precedes the onset of 

childhood asthma, the temporal order between these conditions remains unclear, mainly due 

to the scarcity of studies examining whether asthma can affect obesity onset. This so-called 

“chicken-or-egg” question is also hard to answer due to the difficulty of determining the exact 

time course of the onset of the two conditions. Various biological and non-biological 

mechanisms have been proposed to explain a causal relationship between obesity and 

asthma in both directions. Obesity can contribute to asthma by reducing lung function, 

increasing airway inflammation, and the effect of obesity-related comorbidities, such as 

gastroesophageal reflux. Moreover, asthma may contribute to weight gain by physical 

inactivity and the possible obesogenic effect of long-term use of corticosteroids in asthmatic 

individuals. 

 

Interestingly, a recent meta-analysis of three cohort studies conducted by L. Shan et al, 27 

showed that early-onset diagnosis of asthma was associated with an increased risk of 

developing obesity: pooled RR was 1.47 (95% CI 1.25-1.72), compared with non-asthmatic 

children. Asthma diagnosis was made by physicians or parent-reported in 28,494 children. 

The age at obesity assessment varied from  five to eighteen years old, and obesity was 

classified according to the International Obesity Task Force criteria.  

 

Results of the three cohort studies included in this meta-analysis are summarised in table 2. 

Contreras at al,28 reported that European children with physician-diagnosed asthma had a 

66% higher risk of incident obesity, compared with those without an asthma diagnosis 

(RR=1.66, 95% CI: 1.18-2.33). Zhang et al,29 reported that non-obese children, who are 

asthmatic were at 38% increased risk of becoming obese compared with children without 

asthma (RR=1.38, 95% CI: 1.12-1.71). Chen Z et al,30 showed that children, aged 5-8 years, 

with a diagnosis of asthma at cohort entry, were at 51% increased risk of developing obesity 

during childhood and adolescence compared with children without asthma at baseline 

(hazard ratio 1.5: 95% CI: 1.08-2.10) after adjusting for confounders. Using asthma rescue 

medications at cohort entry reduced the risk of developing obesity (hazard ratio 0.57, 95% CI: 

0.33- 0.96). 

Although these results suggest a possible causal effect of asthma on obesity in children, 

further studies should confirm this association to prove the consistency of these findings.  
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Table 2 - Cohort studies for association between childhood asthma and obesity. 

Cohort study 
 

Sample 
size 

Exposure: 
asthma 

(comparison 
group) 

Outcome: 
obesity 

Potential 
covariates 

Estimates Adjusted 
estimate 
(95% CI) 

Contreras et 
al, 2018 

21130 Physician-

diagnosed asthma 

up to age 3-4 years 

 

(no asthma) 

BMI ³ 95
th

  Smoking 

exposure, sex, 

breastfeeding, 

maternal 

education, 

home dampness 

RR 1.66 

(1.18-2.33) 

Chen et al, 
2017  

2684 Parent or 

self-reported 

physician diagnosis 

at age 5-8 years 

 

(no asthma) 

BMI ³ 95
th

 Smoking 

exposure, 

physical activity, 

ethnicity, family 

income 

HR 1.51 

(1.08-2.10) 

Zhang et al, 
2020 

5193 Parent reported at 

age 4-6 years 

 

 

(no asthma) 

BMI ³ 95
th

 sex, ethnicity, 

smoking , 

physical activity, 

parental 

education 

RR 1.38 

(1.12-1.71) 

RR=risk ratio; HR=hazard ratio 

 

The evidence supporting a relationship between diet and asthma includes studies where 

children with asthma, who are also obese, tend to have increased severity of the condition. 

In a meta-analysis of 46,070 children with asthma, from fourteen studies (eight cross-

sectional, three cohort studies and three randomised controlled trials), obese children (BMI 

³ 95th percentile) had a small but significant increased risk of asthma exacerbations, measured 

by oral corticosteroid use, compared to children of normal weight (overall pooled OR= 1.17, 

95% CI 1.03-1.34).31 

 

Children with asthma, who are also overweight or obese, have a decreased response to 

inhaled budesonide, compared to normal-weight children with asthma, on measures of lung 

function such as Forced Expiratory Volume (FEV1) and the ratio FEV1/FVC (Forced Vital 

Capacity). Moreover, normal-weight children with asthma had a 44% reduction in the risk of 

emergency department visits or hospitalisations for asthma, compared to overweighed or 

obese children (p=0.001). 32  
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There is also evidence that maternal obesity in pregnancy is associated with an elevated risk 

of asthma in offspring. In a meta-analysis conducted by Forno et al,33including twelve 

observational studies, maternal obesity during pregnancy (BMI ³ 30 kg/m2) was associated 

with an increased odds of childhood asthma or wheeze (OR=1.31, 95% CI: 1.16-1.49), 

compared with children whose mothers were of normal weight. Each 1 kg/m2 increase in 

maternal BMI was associated with a 2% to 3% increase in the odds of childhood asthma. The 

outcomes were diagnosis of asthma or wheeze among offspring from fourteen months to 

sixteen years through doctor’s diagnosis or medical record review.  

 

The main contributor to obesity is a high sugar intake, and sugar-sweetened beverages (SSBs) 

represent the primary source of added sugars in Western diets, particularly in children. 34 

There is a large body of epidemiological evidence suggesting SSBs may be an important risk 

factor for asthma.  

 

In an ecological analysis, 35 a log-linear relationship was described between per capita added 

sugar intake and the prevalence of severe asthma in 6 and 7-year-old children. The model 

showed that countries with an additional 35 kg/capita/year sugar intake had, on average, a 

doubling of the symptom prevalence in surveys of childhood asthma, compared to countries 

with lower sugar consumption. 

 
In the US, National Health and Nutrition Examination Surveys (NHANES) examined the 

association between sugar-sweetened beverages (SSB) and asthma in 9,938 children aged 2 

to 17 years old. The dietary data were obtained through two non-consecutive 24-hour food 

recall questionnaires. SSB consumption was categorised into no consumption, moderate 

consumption (1-499 kcal/day), and heavy consumption (³500 kcal/day). The outcome was a 

self-reported current asthma diagnosis (yes or no). The adjusted odds of asthma were twice 

among children with heavy SSB consumption (OR=2.01, 95% CI: 1.31-3.08) compared to non-

SSB consumers. 36 
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A meta-analysis of 19 studies conducted by Al-Zalabani et al,37 showed that soft drink 

consumption, including sugar and artificially sweetened, was associated with significantly 

increased odds of asthma in both children and adults. Asthma diagnosis was either from a 

doctor or parent-reported. Among children aged 18 years old, the overall OR for asthma was 

1.14 (95% CI 1.06-1.21) for highest versus lowest soft drink consumption. Two cohort studies 

from the same meta-analysis also reported that the highest maternal soft drink consumption 

during pregnancy was weakly but significantly associated (OR=1.11, 95% CI 1.00-1.23) with 

childhood asthma, compared with the lowest levels of exposure.  

 

The PIAMA birth cohort study of Berentzen et al,38 including 2,406 eleven-year-old children, 

reported that asthma risk was increased for high versus low consumption of 100% fruit juice 

(OR=2.09, 95% CI: 1.21-3.60) and for high versus low total sugar-containing beverage intake 

(OR=1.91, 95% CI:1.04-3.38). The diagnosis of asthma was made on parent reports, 

prescription of inhaled corticosteroids and doctor diagnosis.  

 

Another prenatal cohort study, called BRISA,39 confirmed an association between SSB 

consumption and child asthma traits in 1140 children, aged two years. A high percentage of 

daily calories from sugars added to SSBs was associated with higher frequencies of child 

asthma traits (Standardized Coefficient=0.073; p-values=0.30). The child’s asthma traits 

outcome included: a medical diagnosis of asthma, intensive wheezing, and medical diagnosis 

of rhinitis.  

 

At the same time, a diet rich in fruit and vegetables seems to have a protective effect on 

asthma.  A systemic review and meta-analysis of Seyedrezazadah et al, 40 showed that fruit 

and vegetable intake was negatively associated with the risk of developing asthma in adults 

and children (RR=0.54; 95% CI:0.41-0.69). 
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1.2.2 | Hygiene hypothesis 

Dr David Strachan proposed the hygiene hypothesis to explain the rising incidence of allergic 

diseases in the 20th century and the concurrent decrease of early childhood infection. 

According to his theory, the lack of exposure to microbial agents, such as viruses, bacteria or 

parasites, could have an important role in immune system development with a consequent 

increase in allergic diseases. 41 Although the main evidence for this theory was the rise in the 

prevalence of atopic diseases in high-income countries, I could not find statistical evidence of 

the inverse association between parasitic infection rates and asthma incidence to support this 

theory. 

 

 

1.2.3 | Maternal smoking  

A large body of evidence suggests that maternal smoking is associated with an increased risk 

of developing childhood asthma. The proposed mechanisms of how tobacco smoke influences 

the development of asthma include increased airway responsiveness and impaired immune 

response to viral pathogens.  

 

A  meta-analysis conducted by Burke et al, 42 including 79 epidemiological studies, showed 

that prenatal maternal smoking was significantly associated with an increased incidence of 

asthma with OR of 1.85 (95% CI 1.35-2.53) in children under two years of age, and an OR of 

1.23 (95% CI 1.12-1.36) in children aged 5-18 years, compared with non-smoking pregnant 

women. Exposure to postnatal maternal smoking was not significantly associated with asthma 

incidence in children under four years of age, but showed a borderline significant association 

for children 5-18 years old (OR=1.20, 95% CI 0.98-1.46). Paternal smoking was not significantly 

associated with the incidence of asthma in children aged 5-18 years (OR=0.98, 95% CI 0.71-

1.36, in four studies), while there were limited data for children under four years old. 

 

Another meta-analysis from five European birth cohort studies (MeDALL project) 43 analysed 

the association between parental smoking habits and asthma, both early transient and 

persistent, based on questionnaires covering the period from pregnancy to 14-16 years of 

age. The result showed that children exposed to maternal smoking in pregnancy were more 

likely to have early transient asthma (OR=1.22, 95% CI 1.21-2.41) but not significantly 
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increased odds for persistent asthma (OR=1.22, 95% CI 0.87-1.71), compared with children 

who were unexposed to smoking during pregnancy. A dose-response relationship has also 

been observed as children exposed to ³ 10 cigarettes/day during pregnancy had significantly 

increased odds of persistent asthma (OR=1.66, 95% CI 1.29-2.15).  

 

 

 1.2.4 | Outdoor and indoor air pollution  

Exposure to outdoor and indoor air pollutants represents a potentially modifiable risk factor 

for asthma. Air pollution is a complex and ubiquitous mixture of pollutants, including 

particulate matter, chemical substances, and biological materials. Because of the 

environment of urban neighbourhoods, a substantial disparity in asthma prevalence and 

morbidity has been recognised among urban children compared to non-urban children. 

Although there is sufficient evidence that ambient air pollution can exacerbate pre-existing 

asthma, the role of air pollution exposure in the initial development of asthma is still 

contested.  

 

Exposure to air pollutants has been consistently linked with poor asthma control in children, 

with reduced lung function, 44 increased rates of rescue medication use, emergency 

department visits, and hospitalisations for asthma exacerbations. 45  

 

Traffic-related air pollution (TRAP) encompasses a collection of gases and particulates 

associated with fossil fuel combustion. A meta-analysis,46 including 41 observational 

epidemiological studies, investigated the association between exposure to TRAP metrics, such 

as black carbon (BC), nitrogen dioxide (NO2), nitrogen oxides (NOx), particulate matter <2.5 

µm in diameter (PM2.5) and particulate matter <10 µm in diameter concentration (PM10), and 

subsequent development of asthma in children from birth to eighteen years of age. The 

exposure to TRAP was assessed using various models, but most studies used land-use 

regression (LUR), which is a statistical modelling method used to estimate the concentration 

of air pollutants, particularly in densely populated areas. The overall random-effects risk 

estimates of the five pollutants were: 1.08 (95% CI 1.03-1.14) per 0.5 × 10− 5 m− 1 BC; 1.05 (95% 
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C, 1.02-1.07) per 4 μg/m3 NO2; 1.48 (95% CI 0.89-2.45) per 30 μg/m3 NOx; 1.03 (95% CI 1.01-

1.05) per 1 μg/m3 PM2.5; and 1.05 (95% CI 1.02-1.08) per 2 μg/m3 PM10.  

 

Indoor dampness and mould problems are common around the world. In cold climate the 

prevalence of dampness problems and indoor mould is respectively 5-30% and 5-10%, and in 

warm climate the estimates have been 10-60% for dampness and 10-30% for indoor mould. 
47Epidemiological studies suggest that indoor dampness and mould exposure are associated 

with an increased risk of asthma in exposed children, but this is likely to be an exacerbating 

factor, rather than a primary cause.  

 

A meta-analysis, including sixteen studies, conducted by Quansah et al 48, showed that the 

summary effect estimates (EE), from study-specific ORs and incidence rate ratios using fixed-

and random-effects models, were statistically significant elevated for dampness (EE 1.33, 95% 

CI 1.12-1.56), visible mould (EE 1.29, 95% CI 1.04-1.60) and mould odour (EE 1.73, 95% CI 

1.19-2.50).  

 

A systematic review of 61 studies conducted by Tischer et al.49 also showed that exposure to 

visible mould was positively associated with childhood asthma (OR 1.49, 95% CI 1.28-1.72).  

 

 

1.2.5 | Respiratory virus infection 

Viral infections of the lower respiratory tract in children less than two years old, clinically 

bronchiolitis, are associated with asthma exacerbations and subsequent asthma 

development.50 Respiratory Syncytial Virus (RSV) is the dominant causative agent, which has 

been detected in 50-70% of patients with bronchiolitis.51 

 

A meta-analysis of 15 studies including 82,008 children showed that hospitalisation for lower 

respiratory infections caused by RSV infection in the first three years of life was associated 

with a higher odds of incident asthma or wheeze later in childhood (OR 3.84, 95% CI 3.23-

4.58), compared to children without such RSV infection-associated hospital admissions. 52  
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Another meta-analysis conducted by Shi et al,53 showed a statistically significant association 

between early-life RSV infection and subsequent development of childhood asthma (OR 2.95, 

95% CI 1.96-4.46), compared to children without RSV infection. 

 

 

1.2.6 | Breastfeeding 

Breastfeeding, regardless of length or exclusivity, is protective against childhood asthma. The 

protective effect for asthma appears to be greater in early life, suggesting the possibility of 

mediation through protection against viral respiratory infections, which trigger asthma 

attacks. 

 

Meta-analyses of three cohorts and ten cross-sectional studies, conducted by Lodge et al54 

reported a protective effect against asthma of ever versus never breastfeeding in children 5-

18 years old (OR=0.88, 95% CI:0.82-0.95). Asthma outcome was defined as physician 

diagnosis, parent-reported, self-reported or spirometrically diagnosed. 

 

Another meta-analysis, conducted by Dogaru CM et al., 55 including 117 studies (57 cohorts, 

47 cross-sectional and 13 case-control studies), showed that breastfeeding categorized as 

“ever versus never” had an odds ratio of 0.65 (95% CI 0.51-0,82) for “asthma ever” (refers to 

an asthma diagnosis occurred at any time in the past). Asthma diagnosis was retrieved from 

medical records, parent-reported diagnosis or asthma medication. After stratification by the 

age of outcome, the strongest protective association was found in children under two years  

of age and diminished over time. 

 

 

1.2.7 | Genetic predisposition 

In the last decade, genome-wide association studies (GWAS) have identified numerous 

genetic variants, mainly non-coding,  which play a regulatory role in gene expression and 

asthma susceptibility; however, they are of limited  value as they all have a weak association 

with asthma.56 
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To support the role of genetics in asthma susceptibly, a meta-analysis conducted by Lim RH 

et al, 57 including 33 studies, showed that maternal asthma was associated with approximately 

a threefold increased odds of childhood asthma compared to children whose mothers did not 

have asthma. Children whose fathers had asthma had 2.4 times increased odds of asthma 

compared with children with no such paternal history. 

 

The novel field of epigenetic changes, such as DNA methylation and histone modification, 

might partly explain the underlying mechanisms that alter an individual’s susceptibility to 

asthma in the context of their environment.58 

 

Among the plausible causes of childhood asthma described above, an increased body weight 

linked to the worldwide obesogenic diet may be the most significant. Other factors, such as 

exposure to tobacco smoke, air pollution, household dampness, and viral respiratory 

infections, may trigger asthma symptoms rather than being a primary cause. My study will be 

the first to explore whether increased BMI z-score and a diet rich in sugar are associated with 

the incidence of asthma in New Zealand children. 

 

1.3 | Association between scabies and asthma 

Scabies could be a contributing cause of asthma as scabies provokes an immune response 

that has cross-reactivity with house dust mites, which are recognized as important indoor 

allergens associated with asthma. A plausible biological pathway may be that scabies 

stimulates the development of allergen-specific IgE, which also provokes asthma. In support 

of this theory of cross-reactivity of mites, a study conducted in Norway showed that 

immunological sensitivity to house dust mites, represented by IgE antibodies, was 17 times 

higher in scabies cases than in age and sex-matched controls. 59 Total serum IgE level has also 

been shown to be strongly associated with asthma prevalence. 60 

 

Ecological evidence also supports an asthma-scabies link because Māori and Pacific children, 

children from low socioeconomic status and living in damp houses, are more likely to be 

affected by scabies, as well as by asthma. 61 To my knowledge, no published studies have 

evaluated the association the association between scabies and asthma. 
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2 | METHODS 

 

2.1 | Population and study design 

I conducted a retrospective cohort study, using data collected about children enrolled on the 

Growing Up in New Zealand (GUiNZ) cohort. GUiNZ is a longitudinal birth cohort study created 

by recruiting 6822 pregnant women with the child cohort consisting of the 6854 children born 

to them between April 2009 and March 2010. Study eligibility for GUiNZ was defined by 

maternal residence while pregnant within a geographic region of New Zealand defined by the 

three contiguous District Health Board regions (Auckland, Counties-Manukau and Waikato). 

This study region was chosen as it enabled enrolment of a cohort that represented the socio-

economic and ethnic diversity of New Zealand. There were no exclusion criteria. 62 The 

characteristics of the cohort at birth were similar to New Zealand’s national birth cohort from 

2007 to 2010. This cohort included about one-third of births born on the recruitment area 

and about 11% of all the births in NZ born during the recruitment period. 63 

 

Ethical approval for the study was granted by the New Zealand Ministry of Health, and Health 

Disability Ethics committee (NTY/08106/055) and written informed consent was obtained 

from all participating mothers. 

 

 

2.2 | Outcome assessment 

Information from the parental questionaries at the age of eight (8-Year Child Proxy 

Questionnaire) was used to determine the presence and severity of asthma, according to the 

asthma case definition used in ISAAC studies.64  

Current asthma at age eight years was the primary outcome of interest. The key question 

from the parental questionnaires used for assessing current asthma was: “Has your child had 

wheezing or whistling in the chest in the past 12 months?” 

The second outcome was severe asthma. The severity of asthma symptoms was assessed by 

three questions that asked about the following symptoms in the past 12 months:  
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(1) > 4 attacks of wheeze in the past 12 months, or 

(2) > one or more nights per week sleep disturbance from wheeze in the last 12 months, or 

(3) at least one episode of wheeze affecting speech in the last 12 months.  

 

2.3 | Exposures of interest  

 

2.3.1 | Dietary intake 

Children’s dietary exposures were measured using a semi-quantitative food frequency 

questionnaire (FFQ), administered at 24 years and 54 months. The FFQ includes questions 

about the frequency of intake (‘none’, ‘one/day’ ‘two/day’, ‘3/day’, ‘4/day’, ‘5-6/day’, 

‘1/month’, or ‘2-3/month’), with the pictures showing the corresponding food or drink and 

questions augmented to help parents assess portion sizes. Sizes were classed as ¼, ½, 1 or 3 

or more serves. From this questionnaire, I determined the usual daily frequency and portions 

of 58 items taken in the previous four weeks ("number of servings per day"). Principal 

components were used to summarise this dietary information. 

 

 

2.3.2 | Body Mass Index 

Body mass index (BMI) was used to measure excess body fat and is calculated as weight in 

kilograms divided by the square of height in metres. Although BMI is an imperfect tool, as it 

does not distinguish between overweight due to excess fat mass from overweight due to 

excess lean mass, it is the most used measure for assessing obesity in children and adults. The 

weight and height of each child were measured by trained study personnel at cohort child age 

of 24 months, 54 months, and eight years, using a standardized protocol that included the 

removal of shoes or outer clothing and the taking of duplicate measurements. 

 

In children BMI normal ranges vary by age and sex; therefore, therefore I calculated BMI z-

score as measures of body mass index adjusted for child age and sex. As a reference standard 

of BMI-for-age, I adopted the International BMI reference, which has been produced by the 

International Obesity Task Force (IOTF) with data from children living in the US, UK, Hong 
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Kong, the Netherlands, Singapore, and Brazil. 65 The WHO recommends that children whose  

BMI is between the 85th and 97th centile (between 1 and 2 SDs above the mean; BMI z-score> 

1 and ≤ 2) should be considered overweight, and children whose BMIs are greater than the 

97th centile (more than 2 SDs above the mean; BMI z-score > 2) should be considered obese. 
66 

 

 

2.3.3 | Scabies 

Scabies diagnosis was derived from either hospital admission records for scabies according to 

the B86 code disease (ICD-10 AM) present in the National Minimum Dataset, and a redeemed 

prescription for permethrin lotion from a community pharmacy derived from the PHARMS 

database of government-funded prescriptions. Both National Minimum Dataset and PHARMS 

database were linked to the GUiNZ data. 

 

 

2.4 | Covariates  

I selected potential confounding factors, identified in the published peer-reviewed literature, 

that could be a shared common cause for my exposures of interest and outcomes. These 

included child’s sex, ethnicity, socioeconomic status, living in urban areas, house dampness 

and mould, breastfeeding duration, and maternal smoking.  

 

Ethnicity and socioeconomic status were assessed from an interview with mothers, when 

the children were nine months old. Ethnicity was categorized into five groups (European, 

Māori, Pacific, Asian and MELAA (Middle Eastern, Latin American, African). I used total 

response as method of categorising ethnicity, which involves each person being allocated to 

all ethnic groups that they have identified with ethnicity treated as six separate binary 

variables. Therefore, this method produces a sun of ethnic group counts which is greater than 

the actual population/ sample size. 67 
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As a measure of socioeconomic position, I used the NZDep2006 Index of Deprivation, which 

was determined from the household geographical location when the children were nine 

months old from the mother’s interview. The NZDep2006 is a validated small area measure 

of relative deprivation derived from 2006 national census data on nine household 

socioeconomic characteristics.68 The NZDep2006 scale of deprivation was grouped into 

quintiles as a convenient ordinal scale for the statistical analysis.  

 

Indoor dampness was measured when the children were nine months old. The dampness of 

the house where babies lived was classified into four categories: “never or hardly never”, “not 

very often”, “quite often” and “always or almost always”. The presence of mould or mildew 

in the subject’s house was measured when the children were nine months old with the 

following question: “In the last two weeks, was mould or mildew present in the room where 

baby sleeps?”  

 

Information about maternal smoking was collected when the children were nine months old 

and was categorized into “yes”, or “no” to the question “do you currently smoke regularly, at 

least one cigarette a day?” 

 

 Data on breastfeeding initiation and duration were obtained through face-to-face interviews 

with the mothers when children were nine months old. Duration of breastfeeding was 

classified as “never breastfed”, “current breastfeeding” or “breastfed but currently stopped. 

 

 

2.5 | Statistical analysis 

I checked for duplicates, missing data and implausible data before conducting the data 

analysis. Descriptive analysis, and crude and adjusted measures of association were used to 

identify and estimate the magnitude of independent associations between exposures and 

outcomes. Chi-square tests assessed whether factors, such as exposure or covariates, were 

associated with asthma status in univariable analyses. A two-sided alpha level of 5% was 

considered statistically significant. Logistic regression analysis was used to estimate the 
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strength of association between BMI z-score or dietary intake and asthma status. Based on 

past studies, multivariable logistic regression analyses were adjusted for confounders, such 

as gender, ethnicity, socioeconomic status, living in urban areas, house dampness and mould, 

maternal smoking, and breastfeeding. R software was used for all analyses (version 4.1.2). 
69 

 

The food items reported in the food frequency questionnaire at ages two years and 54 months 

were summarized into two principal components. The proportion of variation explained from 

the principal components was examined in a scree plot. From this plot, two components were 

chosen. These first two principal components were divided into quintiles for regression 

analysis. The R package ‘factoextra’ was used to undertake principal components analysis. 70 
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3 | RESULTS 

 

3.1 | Baseline characteristics of children by outcome status 

 The prevalence of current and severe asthma was respectively 10.9% (745/6,854) and 3% 

(207/6,854). If we exclude the missing outcome data, the prevalence of current and severe 

asthma was 15.3% (754/4,872 and 4.2% (207/4,872) respectively (table 3).  

 

 Table 3 - Prevalence of current asthma in the cohort study 

Outcome Frequency  

n 

Prevalence (%) 

with missing data  

 

Prevalence (%) 

without missing data 

Current asthma  754 754/6,854 (10.9) 754/4,872 (15.3) 

Severe asthma 207 207/6,854 (3) 207/4,872 (4.2) 

 

The characteristics of the children with current asthma, compared to no such diagnosis, are 

summarized in table 4. Among boys, current asthma prevalence was 57.9%, compared to 

50.1% for those with no such diagnosis. (p-value <0.0001). The frequency of current asthma 

status varied by ethnicity. A larger proportion of children with current asthma was Māori 

(27.8% versus 21.1%, p-value= 0.0002) and Pacific (18.5% versus 14.4%, p-value= 0.013), in 

comparison with children with the same ethnicities and  no current asthma. On the contrary, 

current asthma prevalence was slightly lower in European, Asian and MELAA children than in 

children with the same ethnic group, although the association was not statistically significant.  

Children living in the most deprived areas (quintile 5) were more likely to have current asthma 

(24.1 % versus 20.2%, p-value=0.027) than no such condition. The children of mothers who 

smoked cigarettes had an increased frequency of current asthma (16.1% versus 10.6%, p-

value <0.0001). Reporting breastfeeding at age nine months was not associated with current 

asthma. 
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Table 4 - Baseline characteristics of children by current asthma status.  
Current 
asthma 

n=745 (%) 

No current asthma 
n=4127  

(%) 

Missing 
n=1982  

(%) 

Total 
n=6854 

(%) 

test p-value 

Gender (male)  431 (57.9) 

 

2,066 (50.1)  1028 (52.1) 3,525 (51.5)  χ
2
 0.0001 

Ethnicity 
- Māori 
- Pacific 
- European 
- Asian 
- MELAA  

 

207 (27.8) 

138 (18.5) 

558 (74.9) 

98 (13.2) 

17 (2.3) 

 

872 (21.1) 

594 (14.4) 

3,125 (75.7) 

595 (14.4) 

101 (2.4) 

 

470 (23.7) 

646 (32.6.) 

810 (40.9) 

401 (20.2) 

63 (3.2) 

 

1,549 (22.6) 

1,378 (20.1) 

4,493 (65.6) 

1,094 (16.0) 

181 (2.6) 

 

χ
2
 

 

 

 

 

 

 

0.0002 

0.013 

0.389 

0.503 

0.762  

NZDep06a 
- quintile 5 (most deprived) 

- quintile 4 
- quintile 3 
- quintile 2  
- quintile 1 (least deprived) 

 

176 (24.1) 

158 (21.6) 

128 (17.5) 

146 (20.0) 

122 (16.7) 

 

813 (20.2) 

788 (19.6) 

753 (18.7) 

850 (21.1) 

821 (20.4) 

 

708 (41.3) 

386 (22.5) 

233 (13.6) 

223 (13.0) 

164 (9.6) 

 

1,697 (26.2) 

1,332 (20.6) 

1,114 (17.2) 

1,219 (18.8) 

1,107 (17.1) 

 

χ
2
 

 

 

 

 

 

 

 

 

 

 

0.027  

Rural areas 52 (7.0) 353 (8.6) 68 (3.4) 473 (6.9) χ
2
 0.173  

Dampness  148 (19.9) 826 (20.1) 714 (36.4) 1,688 (24.8) χ
2
 0.952  

Mould 83 (11.1) 442 (10.7) 283 (14.3) 808 (11.8) χ
2
 0.757 

 

Maternal smoking  120 (16.1) 437 (10.6) 355 (17.9) 912 (13.3) χ
2
 <0.0001  

Breast feeding  
- never 
- in the past 
- current 

 

22 (3.0) 

357 (49.0) 

349 (47.9) 

 

104 (2.6) 

1962 (48.9) 

1948 (48.5) 

 

81 (4.8) 

903 (53.0) 

719 (42.2) 

 

207 (3.2) 

3,222 (50.0) 

3,016 (46.8) 

 

χ
2
 

 

 

 

 

 

 

0.787  

a NZdep06 measure of area-based socio-economic deprivation when children were nine months old.  
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Table 5 outlines the study population by whether subjects had severe asthma. The prevalence 

of severe asthma was high in the male gender: 59.4% of boys had severe asthma compared 

to 50.9% of boys with no such diagnosis (p-value= 0.002).  

 

Severe asthma prevalence was strongly associated with Māori ethnicity: 31.9% of Māori had 

severe asthma, compared to 21.7% of Māori with no severe asthma (p-value=0.001). Among 

Pacific children, 19.8% had severe asthma, compared to 14.8% with no such diagnosis, but 

the association was not statistically significant (p-value=0.068). There was no association 

between severe asthma and the other ethnic groups. 

 

The frequency of severe asthma varied substantially by socioeconomic deprivation index (NZ 

Dep06). Children living in the least deprived areas (quintile 1) were half likely to have severe 

asthma ( 10.2% versus 20.3%, p-value=0.001) than no such diagnosis. Living in rural areas and 

damp or mould houses was not associated with severe asthma. 

 

In mothers who reported smoking cigarettes at the age of nine months, the prevalence of 

severe asthma was higher than no severe asthma (18.0% versus 11.1%, p-value=0.005). 

Breastfeeding at age nine months was not associated with severe asthma (p-value=0.226). 
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Table 5- Baseline characteristics between children by severe asthma status. 
 

Severe 
asthma 

n=207 (%) 

No severe 
asthma 

n =4665 (%) 

Missing 
n=1982  

(%) 

Total 
n=6854 

(%) 

te
st 

p-value 

Gender (male) 123 (59.4) 2,374 (50.9) 1028 (51.9) 3,525 (51.4) χ
2
 0.002 

Ethnicity 
- Māori 
- Pacific 
- European 
- Asian 
- MELAA  

 

66 (31.9) 

41 (19.8) 

157 (75.8) 

31 (15.0) 

4 (1.9) 

 

1,013 (21.7) 

691 (14.8) 

3,526 (75.6) 

662 (14.2) 

114 (2.4) 

 

470 (23.7) 

646 (32.6) 

810 (40.9) 

401 (20.2) 

63 (3.2) 

 

1,549 (22.6) 

1,378 (20.1) 

4,493 (65.6) 

1,094 (16.0) 

181 (2.6) 

χ
2
  

0.001 

0.068 

0.383 

0.391 

0.354  

NZdep06a 
- quintile 5 (most deprived) 

- quintile 4 
- quintile 3 
- quintile 2  
- quintile 1 (least deprived) 

 

61 (29.8) 

43 (21.0) 

36 (17.6) 

44 (21.5) 

21 (10.2) 

 

 

928 (20.4) 

903 (19.8) 

845 (18.6) 

925 (20.9) 

922 (20.3) 

 

708  (41.3) 

386 (22.5) 

233 (13.6) 

223 (13.0) 

164 (9.6) 

 

1,697 (26.2) 

1,332 (20.6) 

1,114 (17.2) 

1,219 (18.8) 

1,107 (17.1) 

 

 

 

 

 

χ
2
 

 

 

 

 

 

0.001 

Rural areas 16 (7.7) 389 (8.3) 68 (3.4) 473 (6.9) χ
2
 0.854 

Dampness 43 (20.8) 931 (20.1) 714 (36.4) 1,688 (24.8) χ
2
 0.872 

Mould 25 (12.1) 500  (10.7) 283 (14.3) 808 (11.8) χ
2
 0.346 

Maternal smoking 37 (18.0) 520 (11.1) 355 (17.9) 912 (13.3) χ
2
 0.005 

Breast feeding  
- never 
- in the past 
- current 

 

8 (3.9) 

90 (43.9) 

107 (52.2) 

 

118 (2.6) 

2229 (49.1) 

2190 (48.3) 

 

81 (4.8) 

903 (53.0) 

719  (42.2) 

 

207 (3.2) 

3,222 (50.0) 

3,016 (46.8) 

 

 

 

χ
2
 

 

 

 

0.226  
aNZDep06 measure of area-based socio-economic deprivation when children were nine months old. 
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3.2 | Exposure: BMI z-score 

The primary exposure of interest was BMI z-score, which was assessed at age two years, 54 

months, and eight years. Table 6 shows that BMI z-score at two years was available in 81.6% 

(5596/6,854) of children, BMI z-score at 54 months in 84.1%, and BMI z-score at eight years 

in 72.4% (4,960/6,854).  

 

Table 6- Availability of BMI z-score at two years, 54 months, and eight years. 

Exposure  Data available  

% (n) 

Missing data 

% (n) 

BMI z-score at two years 81.6 (5596/6,854) 18. 4 (1,258/6,854) 

BMI z-score at 54 months 84.1 (5,764/6,854) 15.9 (1,090/6,854) 

BMI z-score at eight years 72.4% (4,960/6,854) 27.6% (1,894/6,854) 

 

A t-test on table 7 shows a statistically significant association between current asthma and 

both BMI z-score at 54 months (p- value= 0.006) and BMI z-score at eight years (p-value 

<0.0001). There is no association between BMI z-score at two years and current asthma (p-

value=0.143).  

 

Table 7 -Association between BMI z-score, measured at age two years, 54 months, eight years, 

and current asthma status 

Variable Level Current 
asthma 
(n=745) 

No current 
asthma 

(n=6085) 

Missing 
(n=1982) 

Total 
(n=6854) 

test p-value 

BMI z-score 
at age 2 years 

mean (sd) 1.447 

(1.439) 

1.362 

(1.372) 

1.472 

(1.697) 

1.397  

(1.459) 

t-test 0.143 

 
missing 79 450 729 1258  

 

BMI z-score 
at age 54 
months 

mean (sd) 0.999  

(1.252) 

0.867  

(1.153) 

1.152 

(1.324) 

0.942 

 (1.208) 

t-test 0.006 

 
missing 42 251 797 1090  

 

BMI z-score 
at age 8 years 

mean (sd) 0.801 

(1.477) 

0.574 

 (1.31) 

0.813 

(1.503) 

0.627 

 (1.355) 

t-test <0.0001 

 

missing 45 292 1557 1894  

 

 

The boxplot in figure 1 shows the difference in BMI z-score between children 54 months old 

with current asthma and no current asthma. The t-test result (t= -2.586) reports a mean 

difference of – 0.1311, which translates to a 221 grams difference for an average 54-months-

old child of average height (95% CI= -0.2306, -0.0316, p-value=0.009). 
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Figure 1. BMI z-score at 54 months by current asthma status 

 
 
The boxplot in figure 2 shows the difference in BMI z-score between eight-year-old children 

with current asthma and with no current asthma. The t-test result (t= - 3,7987) shows a mean 

difference of – 0.2267, which represents a 2,070 grams difference for an average eight-year-

old child of average height (95% CI= -0.3439, -0.1096, p-value=0.0001). 

 

Figure 2. BMI z-score at eight years by current asthma status 
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A t-test in table 8 shows no statistically significant association between BMI z-score, 

measured at age two years, 54 months, and eight years, and severe asthma, although children 

with severe asthma has a modestly higher mean BMI z-score compared to those with no such 

diagnosis. 

 

Table 8 - Association between BMI z-score, reported at two years, 54 months and eight 

years, and severe asthma status. 

Variable Level Severe 
asthma 
(n=207) 

No severe 
asthma 

(n=4665) 

Missing 
(n=1982) 

Total 
(n=6854) 

test p-value 

BMI z-score 
at age 2 years 

mean (sd) 1.399 

(1.124) 

1.374 

(1.393) 

1.472 

(1.697) 

1.397  

91.459) 

t-test 0.8116 

 
missing 22 507 729 1258  

 

BMI z-score 
at age 54 
months  

mean (sd) 0.977 

(1.135) 

0.884 

(1.171) 

1.152 

(1.324) 

0.942 

(1.208) 

t-test 0.2777 

 
missing 12 281 797 1090  

 

BMI z-score 
at age 8 years 

mean (sd) 0.758  

(1.385) 

0603 

(1.337) 

0.813 

(1.503) 

0.627 

(1.355) 

t-test 0.1148 

 

missing 14 323 1557 1894  
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3.2.1 | Association between BMI z-score at two years and current asthma.  

Crude and adjusted association between BMI z-score at two years and current asthma, 

adjusted for various exposures, are summarized in table 9. Crude and adjusted odds ratios 

(ORs) for BMI z-score at two years were not associated with current asthma.  

 

The odds of current asthma were decreased in girls versus boys (adjusted OR 0.75, 95%CI: 

0.63-0.89, p-value=0.001). 

 
Crude and adjusted ORs for Māori were respectively 1.47 (95% CI: 1.21-1.77, p-value <0.001) 

and 1.32 (95% CI:1.08-1.61, p-value=0.007), which means there was respectively a 47% and a 

32% increase in the odds of current asthma in Māori compared to non-Māori children. Crude 

OR for Pacific ethnicity was 1.37 (95% CI:1.09-1.70, p-value=0.006), but not statically 

significant for adjusted analysis (OR=1.15, 95%CI:0.89-1.48, p-value=0.264). There was no 

association between the other ethnicities and current asthma. 

 

Living in the most deprived neighbourhood (NZDep06, quintile 5), compared to the least 

deprived (quintile 1) was associated with increased odds of current asthma in the crude 

analysis (OR =1.41, 95% CI:1.08-1.84, p-value=0.011), but not in the adjusted analysis (OR 

1.14, 95% CI:0.85-1.53, p-value =0.367). Living in rural areas or houses with dampness and 

mould houses were not associated with current asthma. 

 

Reporting maternal smoking when the children were nine months old was statistically 

significantly associated with increased odds of current asthma in both crude (OR=1.63, 95% 

CI: 1.28-2.05, p-value <0.001) and adjusted analysis (OR=1.40, 95% CI: 1.08-1.81, p-

value=0.009). Breastfeeding at nine months was not associated with current asthma.  
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Table 9- Crude and adjusted odds ratios between BMI z-score at age two years and current asthma  
  

Current 
asthma 

No 
Current 
asthma 

OR 

univariable 
OR  

multivariable* 

BMI z-score  
at two years 

Mean (SD) 1.4 (1.4) 1.4 (1.4) 1.04  

(0.98-1.10, p=0.166) 

1.02  

(0.96-1.08, p=0.551) 

 
Boy 379 (17.3) 1811 (82.7) - - 

 
Girl 274 (13.4) 1768 (86.6) 0.74 

(0.63-0.88, p<0.001) 

0.75 

(0.63-0.89, p=0.001) 

Māori No 473 (14.3) 2844 (85.7) - - 

 
Yes 180 (19.6) 737 (80.4) 1.47  

(1.21-1.77, p<0.001) 

1.32  

(1.08-1.61, p=0.007) 

Pacific No 535 (14.8) 3083 (85.2) - - 

 
Yes 118 (19.2) 498 (80.8) 1.37  

(1.09-1.70, p=0.006) 

1.15  

(0.89-1.48, p=0.264) 

Asian No 565 (15.6) 3057 (84.4) - - 

 
Yes 88 (14.4) 524 (85.6) 0.91  

(0.71-1.15, p=0.440) 

0.96  

(0.72-1.27, p=0.787) 

European No 150 (16.6) 753 (83.4) - - 

 
Yes 503 (15.1) 2828 (84.9) 0.89  

(0.73-1.09, p=0.265) 

0.95  

(0.74-1.21, p=0.672) 

MELAA No 638 (15.4) 3493 (84.6) - - 

 
Yes 15 (14.6) 88 (85.4) 0.93  

(0.52-1.57, p=0.807) 

0.96  

(0.53-1.63, p=0.891) 

House dampness No 535 (15.4) 2948 (84.6) - - 

 
Yes 118 (15.7) 633 (84.3) 1.03  

(0.82-1.27, p=0.809) 

0.92  

(0.72-1.15, p=0.462) 

House mould No 576 (15.3) 3196 (84.7) - - 
 

Yes 77 (16.7) 385 (83.3) 1.11  

(0.85-1.43, p=0.433) 

1.03  

(0.77-1.35, p=0.858) 

NZDep06 a Quintile 1 

(least deprived)  

116 (13.4) 752 (86.6) - - 

 
Quintile 2 134 (14.6) 781 (85.4) 1.11  

(0.85-1.46, p=0.436) 

1.08 

 (0.83-1.42, p=0.561) 

 
Quintile 3 117 (14.9) 670 (85.1) 1.13  

(0.86-1.49, p=0.380) 

1.08  

(0.82-1.43, p=0.584) 

 
Quintile 4 138 (16.5) 697 (83.5) 1.28  

(0.98-1.68, p=0.067) 

1.17  

(0.89-1.55, p=0.252) 

 
Quintile 5 

(most deprived) 

148 (17.9) 681 (82.1) 1.41  

(1.08-1.84, p=0.011) 

1.14  

(0.85-1.53, p=0.367) 
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Rural areas Yes  50 (13.5) 321 (86.5) - - 

 
No 603 (15.6) 3260 (84.4) 1.19  

(0.88-1.64, p=0.278) 

1.12  

(0.82-1.55, p=0.501) 

Maternal smoking No 549 (14.6) 3208 (85.4) - - 
 

Yes 104 (21.8) 373 (78.2) 1.63  

(1.28-2.05, p<0.001) 

1.40  

(1.08-1.81, p=0.009) 

Breastfeeding Never 20 (18.0) 91 (82.0) - - 

 
In the past 317 (15.4) 1739 (84.6) 0.83  

(0.51-1.40, p=0.462) 

0.91  

(0.56-1.54, p=0.708) 

 
Current 316 (15.3) 1751 (84.7) 0.82  

(0.51-1.39, p=0.438) 

0.95  

(0.59-1.62, p=0.850) 

*The model adjusted for gender, ethnicity, socio-economic status, living in urban areas, dampness and mound, maternal smoking, and 

breastfeeding. aNZDep06 measure of area-based socio-economic deprivation when children were nine months old.  
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3.2.2 | Association between BMI z-score at 54 months and current asthma 

The association between BMI z-score at age 54 months and current asthma adjusted for 

gender, ethnicity, socio-economic status, house dampness and mould, maternal smoking, and 

breastfeeding is summarized in table 10. 

 

The crude OR for BMI z-score at age 54 months was 1.09 (95% CI:1.02-1.17,  p-value=0.008), 

but the association was no longer statistically significant after adjustment for confounders  

(OR=1.04, 95%CI: 0.97-1.12, p-value=0.255). 

 

Girls have 26 % reduced odds of having current asthma compared to boys (adjusted OR=0.74, 

95% CI 0.63-0.88, p-value <0.001).  

 

Crude and adjusted ORs for Māori children were respectively 1.44 (95% CI: 1.19-1.73, p-value 

<0.001) and 1.29 (95% CI:1.06-1.57, p-value=0.011), which means there was respectively a 

44% and a 29% increase in the odds of current asthma in Māori compared to non-Māori. 

Crude OR for Pacific ethnicity was 1.36 (95% CI:1.10-1.68, p-value=0.005), but the adjusted 

analysis showed not statically significant (OR 1.16, 95% CI 0.91-1.48, p-value=0.224). There 

was no association between the other ethnicities and current asthma. 

 

Living in the most deprived neighbourhoods (NZdep quintile 5), compared to the least 

deprived (quintile 1) was significantly associated with increased odds of current asthma in the 

crude analysis (OR 1.48, 95% CI :1.14-1.92, p-value =0.003), but not in the adjusted (OR 1.23, 

95% CI:0.91-1.48, p-value =0.155).  Living in rural areas or houses with dampness and mould 

was not associated with current asthma. 

 

Reporting maternal smoking when the children were nine months old was associated with 

increased odds of current asthma. Crude and adjusted ORs were respectively 1.63 (95% CI: 

1.29-2.04, p-value <0.001) and 1.40 (95% CI 1.09-1.79, p-value=0.007). Breastfeeding, 

reported at age nine months, was not associated with current asthma. 
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Table 10. Crude and adjusted Odd Ratios between BMI z-score at 54 months and current 

asthma 
  

Current 
asthma 

No 

Current 

asthma 

OR  
univariable 

OR  
multivariable* 

BMI z-score  
at 54 months 

Mean (SD) 1.0 (1.2) 0.9 (1.2) 1.09 

(1.02-1.17, p=0.008) 

1.04 

(0.97-1.12, p=0.255) 

Gender Boy 398 (17.5) 1882 (82.5) - - 

 
Girl 294 (13.5) 1884 (86.5) 0.74 

(0.63-0.87, p<0.001) 

0.74 

(0.63-0.88, p<0.001) 

Māori No 500 (14.4) 2974 (85.6) - - 

 
Yes 192 (19.5) 794 (80.5) 1.44  

(1.19-1.73, p<0.001) 

1.29  

(1.06-1.57, p=0.011) 

Pacific No 564 (14.9) 3229 (85.1) - - 

 
Yes 128 (19.2) 539 (80.8) 1.36  

(1.10-1.68, p=0.005) 

1.16  

(0.91-1.48, p=0.224) 

Asian No 598 (15.6) 3226 (84.4) - - 

 
Yes 94 (14.8) 542 (85.2) 0.94  

(0.74-1.18, p=0.580) 

1.05  

(0.79-1.38, p=0.751) 

European No 159 (16.4) 812 (83.6) - - 

 
Yes 533 (15.3) 2956 (84.7) 0.92  

(0.76-1.12, p=0.403) 

1.03  

(0.82-1.31, p=0.788) 

MEELA No 677 (15.6) 3676 (84.4) - - 

 
Yes 15 (14.0) 92 (86.0) 0.89  

(0.49-1.49, p=0.665) 

0.94  

(0.52-1.59, p=0.822) 

House 
dampness 

No 570 (15.6) 3087 (84.4) - - 

 
Yes 122 (15.2) 681 (84.8) 0.97  

(0.78-1.20, p=0.780) 

0.85  

(0.68-1.07, p=0.178) 

House mould No 611 (15.4) 3360 (84.6) - - 
 

Yes 81 (16.6) 408 (83.4) 1.09  

(0.84-1.40, p=0.497) 

1.03  

(0.78-1.35, p=0.817) 

NZDep06 a Quintile 1 

(least 

deprived)  

115 (12.9) 779 (87.1) - - 

 
Quintile 2 140 (14.7) 810 (85.3) 1.17  

(0.90-1.53, p=0.244) 

1.15 

 (0.88-1.50, p=0.311) 
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Quintile 3 126 (15.1) 707 (84.9) 1.21  

(0.92-1.59, p=0.176) 

1.17  

(0.89-1.54, p=0.263) 

 
Quintile 4 149 (16.9) 731 (83.1) 1.38  

(1.06-1.80, p=0.016) 

1.27  

(0.97-1.67, p=0.080) 

 
Quintile 5 

(most 

deprived) 

162 (17.9) 741 (82.1) 1.48  

(1.14-1.92, p=0.003) 

1.23 

 (0.92-1.64, p=0.155) 

Rural areas Yes  50 (13.1) 332 (86.9) - - 

 
No 642 (15.7) 3436 (84.3) 1.24  

(0.92-1.71, p=0.171) 

1.16  

(0.85-1.60, p=0.372) 

Maternal 
smoking 

No 579 (14.7) 3365 (85.3) - - 

 
Yes 113 (21.9) 403 (78.1) 1.63  

(1.29-2.04, p<0.001) 

1.40 

 (1.09-1.79, p=0.007) 

Breast feeding Never  20 (17.2) 96 (82.8) - - 

 
In the past 341 (15.7) 1835 (84.3) 0.89  

(0.56-1.50, p=0.651) 

0.99  

(0.61-1.67, p=0.964) 

 
Current 331 (15.3) 1837 (84.7) 0.86  

(0.54-1.46, p=0.566) 

1.02  

(0.63-1.73, p=0.937) 

*The model adjusted for gender, ethnicity, socioeconomic status, living in urban areas, dampness and mound, maternal smoking, and 

breastfeeding. a NZDep06 measure of area-based socio-economic deprivation when children were nine months old.  
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3.2.3 | Association between BMI z-score at eight years and current asthma 

The association between BMI z-score at the age of eight years and current asthma adjusted 

for gender, ethnicity, socio-economic status, house dampness and mould, maternal smoking 

and breastfeeding is summarized in table 11. 

 

Crude and adjusted ORs for BMI z-score at age eight years were respectively 1.13 (95% CI 

1.07-1.20, p-value <0.001) and 1.08 (95% CI 1.02-1.16, p-value=0.016). This means that, in the 

adjusted model, for every one standard deviation change in BMI z-score the probability of 

current asthma increases by 8%, which translates to a 1600 grams difference for an average 

eight-year-old child of average height. 

 

Girls have 26% reduced odds of having current asthma compared to boys (adjusted OR=0.74, 

95% CI 0.63-0.88, p-value<0.001). 

 

Crude and adjusted ORs for Māori children were respectively 1.47 (95% CI: 1.22-1.76, p-

value<0.001) and 1.29 (95% CI: 1.06-1.57, p-value=0.010), which means there was 

respectively a 47% and a 29% increase in the odds of current asthma in Māori compared to 

non-Māori children. Pacific children were significantly associated with increased odds of 

current asthma in the crude analysis (OR=1.35, 95% CI:1.09-1.67, p-value=0.006) but not in 

the adjusted (OR=1.09, 95% CI:0.84-1.39, p-value=0.520). There was no association between 

current asthma and other ethnic groups. 

 

Living in most deprived neighbourhoods (NZDep06 quintile 5) was significantly associated 

with increased odds of current asthma in the crude analysis (OR=1.51, 95% CI:1.17-1.96, p-

value=) but not after adjustment (OR=1.24, 95% CI:0.93-1.65, p-value=0.138). Living in rural 

areas or houses with dampness and mould was not associated with current asthma. 

 

Reporting maternal smoking when the children were nine months old was associated with 

increased odds of current asthma. Crude and adjusted ORs were respectively 1.66 (95% CI 

1.32-2.08, p-value <0.001) and 1.40 (95% CI 1.08-1.79, p-value=0.009). Breastfeeding was not 

associated with current asthma.  
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Table 11. Crude and adjusted odds ratios between BMI z-score at eight years and current asthma 
  

Current 
asthma 

No Current 
asthma 

OR  
univariable 

OR  
Multivariable* 

BMI z-score  
at eight years 

Mean (SD) 0.8 (1.5) 0.6 (1.3) 1.13 

(1.07-1.20, p<0.001) 

1.08 

(1.02-1.16, p=0.016) 

Gender Boy 394 (17.5) 1861 (82.5) - - 

 
Girl 289 (13.5) 1855 (86.5) 0.74 

(0.62-0.87,p<0.001) 

0.74 

(0.63-0.88, p<0.001) 

Māori No 489 (14.3) 2928 (85.7) - - 

 
Yes 194 (19.7) 790 (80.3) 1.47  

(1.22-1.76, p<0.001) 

1.29  

(1.06-1.57, p=0.010) 

Pacific No 558 (14.9) 3190 (85.1) - - 

 
Yes 125 (19.1) 528 (80.9) 1.35  

(1.09-1.67, p=0.006) 

1.09  

(0.84-1.39, p=0.520) 

Asian No 590 (15.6) 3180 (84.4) - - 

 
Yes 93 (14.7) 538 (85.3) 0.93  

(0.73-1.18, p=0.558) 

1.08  

(0.81-1.43, p=0.598) 

European No 156 (16.2) 808 (83.8) - - 

 
Yes 527 (15.3) 2910 (84.7) 0.94  

(0.77-1.14, p=0.520) 

1.08  

(0.85-1.38, p=0.518) 

MELAA No 668 (15.5) 3628 (84.5) - - 

 
Yes 15 (14.3) 90 (85.7) 0.91  

(0.50-1.53, p=0.724) 

0.97  

(0.53-1.65, p=0.909) 

House 
dampness 

No 562 (15.5) 3057 (84.5) - - 

 
Yes 121 (15.5) 661 (84.5) 1.00  

(0.80-1.23, p=0.969) 

0.88  

(0.69-1.10, p=0.270) 

House mould No 604 (15.4) 3320 (84.6) - - 
 

Yes 79 (16.6) 398 (83.4) 1.09  

(0.84-1.40, p=0.505) 

1.01  

(0.76-1.32, p=0.942) 

NZDep06a Quintile 1 

(least deprived)  

116 (13.1) 770 (86.9) - - 

 
Quintile 2 135 (14.5) 793 (85.5) 1.13  

(0.87-1.48, p=0.370) 

1.11  

(0.85-1.46, p=0.430) 

 
Quintile 3 121 (14.8) 698 (85.2) 1.15  

(0.87-1.51, p=0.316) 

1.12  

(0.84-1.47, p=0.442) 
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Quintile 4 146 (16.7) 730 (83.3) 1.33  

(1.02-1.73, p=0.035) 

1.22  

(0.93-1.61, p=0.146) 

 
Quintile 5 

(most deprived) 

165 (18.5) 727 (81.5) 1.51  

(1.17-1.95, p=0.002) 

1.24  

(0.93-1.65, p=0.138) 

Rural areas Yes 50 (13.5) 321 (86.5) - - 

 
No 633 (15.7) 3397 (84.3) 1.20  

(0.89-1.65, p=0.257) 

1.12  

(0.82-1.55, p=0.491) 

Maternal 
smoking 

No 571 (14.7) 3326 (85.3) - - 

 
Yes 112 (22.2) 392 (77.8) 1.66  

(1.32-2.08, p<0.001) 

1.40  

(1.08-1.79, p=0.009) 

Breast feeding Never  21 (19.1) 89 (80.9) - - 

 
In the past 334 (15.6) 1811 (84.4) 0.78  

(0.49-1.31, p=0.324) 

0.89  

(0.55-1.49, p=0.638) 

 
Current 328 (15.3) 1818 (84.7) 0.76  

(0.48-1.28, p=0.283) 

0.93  

(0.58-1.57, p=0.776) 

*The model adjusted for gender, ethnicity, socioeconomic status, living in urban areas, dampness and mound, maternal smoking, and 

breastfeeding. a NZDep06 measure of area-based socio-economic deprivation when children were nine months old.  
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3.2.4 | Association between BMI z-score at two years and severe asthma.  

The result of multiple regression analysis showing crude and adjusted odds ratios between 

BMI z-score at two years and severe asthma, adjusted by several confounders, is summarized 

in table 12. No association was evident between BMI z-score at age two years and severe 

asthma.   

 

Girls have 36% reduced odds of having severe asthma compared to boys (adjusted OR=0.64, 

95% CI: 0.47-0.86, p-value=0.004). 

 

Māori ethnicity was strongly associated with severe asthma. Crude and adjusted ORs for 

Māori children were respectively 1.77 (95% CI: 1.28-2.42, p-value<0.001) and 1.55 (95% 

CI:1.10-2.18, p-value=0.012), which means there was respectively a 77% and a 55% increase 

in the odds of severe asthma in Māori compared to non-Māori children. Crude OR for Pacific 

ethnicity was borderline statistically significant (OR=1.46, 95% CI:0.99-2.11, p-value=0.046) 

and not statistically significant in the adjusted analysis (OR=1.13, 95% CI:0.73-1.70, p-

value=0.556). There was no association between the other ethnic groups and severe asthma.  

 

Living in most deprived neighbourhoods (NZDep06, quintile 5) was also strongly associated 

with severe asthma. Crude and adjusted ORs were respectively 2.81 (95%CI: 1.71-4.79, p-

value<0.001) and 2.39 (95% CI 1.39-4.23, p-value=0.002). Living in rural areas or houses with 

dampness and mould was not associated with severe asthma. 

 

Mothers who smoked cigarettes when the children were nine months old had children with 

statistically significant increased odds of severe asthma in crude analysis (OR=1.65, 

96%CI:1.09-2.42, p-value=0.014), but not after adjustment (OR=1.25, 95% CI:0.80-1.92, p-

value=0.314). There was no association between breastfeeding, reported at nine months, and 

incidence of severe asthma. 

  



 

40 

Table 12- Crude and adjusted odds ratios between BMI z-score at age two years and severe 

asthma  
  

Severe 
asthma 

No 
Severe asthma 

OR  
univariable 

OR  
Multivariable* 

BMI z-score 

at two years 

Mean (SD) 1.4 (1.1) 1.4 (1.4) 1.02 

(0.91-1.12, p=0.771) 

0.99 

(0.89-1.09, p=0.845) 

Gender Boy 114 (5.2) 2076 (94.8) - - 

 
Girl 69 (3.4) 1973 (96.6) 0.64 

(0.47-0.86,p=0.004 

0.64 

(0.47-0.86,p=0.004) 

Maori No 124 (3.7) 3193 (96.3) - - 

 
Yes 59 (6.4) 858 (93.6) 1.77 

(1.28-2.42, p<0.001) 

1.55 

(1.10-2.18, p=0.012) 

Pacific No 147 (4.1) 3471 (95.9) - - 

 
Yes 36 (5.8) 580 (94.2) 1.46 

(0.99-2.11, p=0.046) 

1.13 

(0.73-1.70, p=0.576) 

Asian No 155 (4.3) 3467 (95.7) - - 

 
Yes 28 (4.6) 584 (95.4) 1.07 

(0.70-1.59, p=0.739) 

1.25 

(0.76-1.98, p=0.368) 

European No 43 (4.8) 860 (95.2) - - 

 
Yes 140 (4.2) 3191 (95.8) 0.88 

(0.62-1.26, p=0.464) 

1.11 

(0.73-1.69, p=0.635) 

MELAA No 180 (4.4) 3951 (95.6) - - 

 
Yes 3 (2.9) 100 (97.1) 0.66 

(0.16-1.77, p=0.480) 

0.71 

(0.17-1.93, p=0.561) 

House 
dampness 

No 145 (4.2) 3338 (95.8) - - 

 
Yes 38 (5.1) 713 (94.9) 1.23 

(0.84-1.75, p=0.274) 

1.03 

(0.69-1.52, p=0.878) 

House mould No 160 (4.2) 3612 (95.8) - - 
 

Yes 23 (5.0) 439 (95.0) 1.18 

(0.74-1.81, p=0.463) 

0.99 

(0.60-1.58, p=0.982) 

NZDep06a Quintile 1 

(least deprived)  

21 (2.4) 847 (97.6) - - 
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Quintile 2 39 (4.3) 876 (95.7) 1.80  

(1.06-3.13, p=0.033) 

1.73  

(1.02-3.03, p=0.046) 

 
Quintile 3 32 (4.1) 755 (95.9) 1.71  

(0.98-3.03, p=0.060) 

1.63  

(0.93-2.90, p=0.092) 

 
Quintile 4 37 (4.4) 798 (95.6) 1.87  

(1.10-3.27, p=0.024) 

1.73  

(1.00-3.05, p=0.054) 

 
Quintile 5 

(most deprived) 

54 (6.5) 775 (93.5) 2.81 

(1.71-4.79, p<0.001) 

2.39 

(1.39-4.23, p=0.002) 

Rural areas Yes 16 (4.3) 355 (95.7) - - 

 
No 167 (4.3) 3696 (95.7) 1.00  

(0.61-1.76, p=0.992) 

0.86  

(0.51-1.53, p=0.576) 

Maternal 
smoking 

No 152 (4.0) 3605 (96.0) - - 

 
Yes 31 (6.5) 446 (93.5) 1.65  

(1.09-2.42, p=0.014) 

1.25  

(0.80-1.92, p=0.314) 

Breastfeeding Never 8 (7.2) 103 (92.8) - - 

 
In the past 78 (3.8) 1978 (96.2) 0.51  

(0.25-1.17, p=0.078) 

0.59  

(0.29-1.36, p=0.172) 

 
Current 97 (4.7) 1970 (95.3) 0.63  

(0.32-1.45, p=0.232) 

0.77  

(0.38-1.79, p=0.507) 

*The model adjusted for gender, ethnicity, socioeconomic status, living in urban areas, dampness and mound, maternal smoking, and 

breastfeeding. a NZDep06 measure of area-based socio-economic deprivation when children were nine months old.  
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3.2.5 | Association between BMI z-score at 54 months and severe asthma 

The result of multiple regression analysis showing crude and adjusted odds ratios between 

BMI z-score at 54 months and severe asthma, adjusted by several confounders, is summarized 

in table 13. No association was evident between BMI z-score at age 54 months and severe 

asthma. 

 

Severe asthma was again strongly associated with male gender, Māori ethnicity and living in 

the most deprived neighbourhoods (NZDep06 quintile 5). The odds of severe asthma were 

decreased in girls versus boys (adjusted OR=0.69, 95%CI: 0.51-0.93, p-value=0.015). Crude 

and adjusted ORs for Māori were respectively 1.67 (95% CI: 1.21-2.27 p-value=0.001) and 1.50 

(95% CI:1.07-2.09, p-value=0.018) compared to non-Māori children.  For children living in the 

most deprived neighbourhoods (NZdep06 quintile 5) crude and adjusted ORs were 

respectively 2.72 (95%CI: 1.64-4.70, p-value<0.001) and 2.44 (95% CI 1.41-4.26, p-

value=0.002) compared to living in the least deprived areas. 

 

Reporting maternal smoking when the children were nine months old was significantly 

associated with increased odds of severe asthma in the crude analysis (OR=1.55, 95% CI:1.03-

2.27, p-value=0.027), but not in the adjusted analysis (OR=1.27, 95%CI: 0.81-1.92, p-

value=0.027). 

 

There was no association between the other confounders and severe asthma. 
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Table 13- Crude and adjusted odds ratios between BMI z-score at age 54 months and severe 

asthma  
  

Severe 
asthma 

No 
Severe 
asthma 

OR  
univariable 

OR  
multivariable* 

BMI z-score 

at 54 months 

Mean (SD) 1.0 (1.1) 0.9 (1.2) 1.07 

(0.95-1.19, p=0.264) 

1.02 

(0.89-1.15, p=0.812) 

Gender Boy 115 (5.0) 2165 (95.0) - - 

 
Girl 78 (3.6) 2100 (96.4) 0.70 

(0.52-0.94, p=0017 

0.69 

(0.51-0.93, p=0015) 

Maori No 132 (3.8) 3342 (96.2) - - 

 
Yes 61 (6.2) 925 (93.8) 1.67 

(1.21-2.27,p=0.001) 

1.50 

(1.07-2.09, p=0.018) 

Pacific No 156 (4.1) 3637 (95.9) - - 

 
Yes 37 (5.5) 630 (94.5) 1.37 

(0.93-1.96, p=0.094) 

1.17 

(0.76-1.76, p=0.458) 

Asian No 164 (4.3) 3660 (95.7) - - 

 
Yes 29 (4.6) 607 (95.4) 1.07 

(0.70-1.57, p=0.756) 

1.33 

(0.82-2.11, p=0.235) 

European No 42 (4.3) 929 (95.7) - - 

 
Yes 151 (4.3) 3338 (95.7) 1.00 

(0.71-1.44, p=0.997) 

1.28 

(0.85-1.95, p=0.252) 

MELAA No 190 (4.4) 4163 (95.6) - - 

 
Yes 3 (2.8) 104 (97.2) 0.63 

(0.15-1.70, p=0.437) 

0.71 

(0.17-1.92, p=0.558) 

House 
dampness 

No 160 (4.4) 3497 (95.6) - - 

 
Yes 33 (4.1) 770 (95.9) 0.94 

(0.63-1.35, p=0.738) 

0.76 

(0.50-1.14, p=0.202) 

House mould No 168 (4.2) 3803 (95.8) - - 
 

Yes 25 (5.1) 464 (94.9) 1.22  

(0.77-1.84, p=0.367) 

1.18  

(0.73-1.85, p=0.475) 

NZ Dep06a Quintile 1 

(least deprived)  

20 (2.2) 874 (97.8) - - 

 
Quintile 2 44 (4.6) 906 (95.4) 2.12  

(1.26-3.70, p=0.006) 

2.08  

(1.23-3.64, p=0.008) 

 
Quintile 3 36 (4.3) 797 (95.7) 1.97 (1.15-3.50, 

p=0.016) 

1.94 (1.12-3.46, 

p=0.020) 
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Quintile 4 40 (4.5) 840 (95.5) 2.08  

(1.22-3.66, p=0.008) 

1.98  

(1.15-3.51, p=0.016) 

 
Quintile 5 

(most deprived) 

53 (5.9) 850 (94.1) 2.72 

(1.64-4.70, p<0.001) 

2.44 

(1.41-4.36, p=0.002) 

Rural areas Yes 15 (3.9) 367 (96.1) - - 

 
No 178 (4.4) 3900 (95.6) 1.12  

(0.67-1.99, p=0.687) 

0.99 

(0.59-1.79, p=0.975) 

Maternal 
smoking 

No 161 (4.1) 3783 (95.9) - - 

 
Yes 32 (6.2) 484 (93.8) 1.55 

(1.03-2.27, p=0.027) 

1.27  

(0.81-1.92, p=0.281) 

Breastfeeding  Never  6 (5.2) 110 (94.8) - - 

 
In the past 87 (4.0) 2089 (96.0) 0.76  

(0.35-1.99, p=0.533) 

0.86  

(0.39-2.25, p=0.723) 

Current Still 

breastfeedin

g 

100 (4.6) 2068 (95.4) 0.89  

(0.41-2.31, p=0.780) 

1.05  

(0.48-2.76, p=0.909) 

*The model adjusted for gender, ethnicity, socioeconomic status, living in urban areas, dampness and mound, maternal smoking, and 

breastfeeding. a NZDep06 measure of area-based socio-economic deprivation when children were nine months old.  
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3.2.6 | Association between BMI z-score at eight years and severe asthma  

The result of multiple logistic regression analysis showing crude and adjusted ORs for the 

association between BMI z-score at age eight years and severe asthma, adjusted by several 

confounders, is summarized in table 14. No association was evident between BMI z-score at 

age eight years and severe asthma. 

 

Severe asthma was strongly associated with Māori ethnicity and living in most deprived 

neighborhoods (NZDep06, quintile 5). Crude and adjusted ORs for Māori were respectively 

1.80 (95% CI: 1.32-2.45, p-value<0.001) and 1.54 (95% CI: 1.10-2.14, p-value=0.012). For 

children living in the most deprived neighbourhoods (NZDep06, quintile 5) crude and adjusted 

ORs were respectively 3.35 (95%CI: 2.00-5.90, p-value<0.001) and 2.93 (95% CI: 1.68-5.32, p-

value<0.001). 

 

Maternal smoking was statistically significantly associated with increased odds of severe 

asthma in the crude analysis (OR=1.79, 95% CI:1.21-2.58, p-value=0.003), but not in the 

adjusted analysis (OR=1.41, 95% CI:0.91-2.12, p-value=0.111). 

 

There was no association between the other confounders and severe asthma. 
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Table 14 - Crude and adjusted odds ratios between BMI z-score at eight years and severe 

asthma. 
  

Severe 
asthma 

No 
Severe 
asthma 

OR 

univariable 
OR 

Multivariable* 

BMI z-score 

at eight years 

Mean (SD) 0.8 (1.4) 0.6 (1.3) 1.10 

(0.99-1.22, p=0.078) 

1.04 

(0.93-1.16, p=0.535) 

Gender Boy 110 (4.9) 2145 (95.1) - - 

 
Girl 81 (3.8) 2063 (96.2) 0.77 

(0.57-1.02, p=0.074) 

0.76 

(0.57-1.02,p=0.071) 

Maori No 127 (3.7) 3290 (96.3) - - 

 
Yes 64 (6.5) 920 (93.5) 1.80  

(1.32-2.45, p<0.001) 

1.54  

(1.10-2.14, p=0.012) 

Pacific No 155 (4.1) 3593 (95.9) - - 

 
Yes 36 (5.5) 617 (94.5) 1.35 

(0.92-1.94, p=0.112) 

1.03 

(0.66-1.57, p=0.877) 

Asian No 163 (4.3) 3607 (95.7) - - 

 
Yes 28 (4.4) 603 (95.6) 1.03 

(0.67-1.52, p=0.897) 

1.31 

(0.80-2.09, p=0.267) 

European No 42 (4.4) 922 (95.6) - - 

 
Yes 149 (4.3) 3288 (95.7) 0.99 

(0.71-1.43, p=0.977) 

1.29 

(0.85-1.98, p=0.234) 

MELAA No 188 (4.4) 4108 (95.6) - - 

 
Yes 3 (2.9) 102 (97.1) 0.64  

(0.16-1.73, p=0.454) 

0.73  

(0.18-1.98, p=0.594) 

House 
dampness 

No 156 (4.3) 3463 (95.7) - - 

 
Yes 35 (4.5) 747 (95.5) 1.04  

(0.70-1.49, p=0.837) 

0.86  

(0.57-1.28, p=0.477) 

House mould No 168 (4.3) 3756 (95.7) - - 
 

Yes 23 (4.8) 454 (95.2) 1.13  

(0.71-1.73, p=0.585) 

1.02  

(0.62-1.61, p=0.945) 

NZDep 06a Quintile 1 

(least 

deprived) 

18 (2.0) 868 (98.0) - - 
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Quintile 2 42 (4.5) 886 (95.5) 2.29  

(1.33-4.10, p=0.004) 

2.24  

(1.30-4.02, p=0.005) 

 
Quintile 3 34 (4.2) 785 (95.8) 2.09  

(1.18-3.80, p=0.013) 

2.04  

(1.15-3.72, p=0.017) 

 
Quintile 4 39 (4.5) 837 (95.5) 2.25  

(1.29-4.05, p=0.005) 

2.11  

(1.20-3.83, p=0.011) 

 
Quintile 5 

(most 

deprived) 

58 (6.5) 834 (93.5) 3.35  

(2.00-5.90, p<0.001) 

2.93  

(1.68-5.32, p<0.001) 

Rural areas Yes 14 (3.8) 357 (96.2) - - 

 
No 177 (4.4) 3853 (95.6) 1.17  

(0.70-2.13, p=0.576) 

1.04  

(0.61-1.92, p=0.892) 

Maternal 
smoking 

No 156 (4.0) 3741 (96.0) - - 

 
Yes 35 (6.9) 469 (93.1) 1.79  

(1.21-2.58, p=0.003) 

1.41  

(0.91-2.12, p=0.111) 

Breastfeeding Never  7 (6.4) 103 (93.6) - - 

 
In the past  83 (3.9) 2062 (96.1) 0.59  

(0.29-1.44, p=0.197) 

0.69  

(0.33-1.69, p=0.366) 

 
Current 101 (4.7) 2045 (95.3) 0.73  

(0.35-1.76, p=0.429) 

0.91  

(0.43-2.24, p=0.824) 

*The model adjusted for gender, ethnicity, socioeconomic status, living in urban areas, dampness and mound, maternal smoking, and 

breastfeeding. a NZDep06 measure of area-based socio-economic deprivation when children were nine months old.  
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3.3 | Exposure: food frequency questionnaire at two years 

The 58 food items in the food frequency questionnaire completed when the children were 

aged two years are summarized into two principal components, which capture 14.15% of the 

overall variation in the responses. Principal components are a method of summarising and 

reducing highly dimensional data into a smaller number of dimensions, capturing as much 

variation in the summarised variables as possible. The proportion of variation explained from 

the factors is examined in scree plots, which is a method to visualize the proportion of 

variance explained by each component (Figure 3/and 3/b).  

 

Figure 3/a Scree plot for principal components 

 
Figure 3/b- Scree plot for principal components 
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The individual loadings of each food item are shown in the loading plots (figures 4a and 4/b), 

which represent the relationship between the food variable and principal components 1 and 

2. Positive loadings indicate that a food variable and its principal component are positively 

correlated (an increase in one is associated with an increase in the other); in contrast, 

negative loadings indicate a negative correlation. Large loadings (either positive or negative) 

indicate that a variable has a strong effect on that principal component. For both the first two 

principal components, positive values are related to higher values of sugary, starchy food, hot 

chips and fast-food; whereas negative values are related to higher intakes of fruit, vegetables, 

brown bread and milk. 

 

 

Figure 4/a. Loadings plot for principal component 1 derived from FFQ administered at age 

two years 
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Figure 4/b. Loadings plot for principal component 2 derived from FFQ administered at age 

two years 

 
 

The biplot (figure 5) represents how each food variable contributes to the first two principal 

components. The loading of each variable is plotted as an arrow, and the horizontal 

component of the vector shows the loading of the variable on the first component, while the 

vertical component of the vector represents the loading of the variable or food on the second 

component. The cosine of the angle between each arrow is proportional to the correlation 

between each food item in the survey. Therefore, highly correlated variables, represented by 

arrows, will be clustered together. Negatively correlated variables are situated on opposite 

sides. The name of each variable is plotted by the score of the first (horizontal axis) and the 

second (vertical axis) principal component. This shows, for example, that parents who 

reported frequent intake of soft drinks also tend to report frequent intake of white bread, 

fast food and cakes. These parents, on the contrary, reported a low intake of broccoli, 

cauliflowers, brown bread and carrots.  

 

Food items that have a negative loading on the first and second principal components were 

correlated with a higher frequency of ‘healthy’ food, such as fruits, vegetables, brown bread 

and milk. On the contrary, food items with positive loadings on the first two principal 
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components were heavily weighted towards sugary products, such as soft drinks, fast food, 

confectionery, and those with refined starches (white bread, snack crisp). 

 

Figure 5. Biplot of contribution of food frequency questionnaire variables to first two 

principal components at two years 
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3.3.1 | Association between diet at two years and current asthma 

The first two principal components derived from the food frequency questionnaire 

administered when the children were age two years were divided into quintiles to test for an 

association with the outcome. The quintiles were ordered from negative values (quintile 1) to 

positive values (quintile 5), where the lowest quintiles represent mainly healthy food items 

(vegetables and fruits), while the highest quintiles are mostly unhealthy food, such as soft 

drinks, fast food, and white bread. 

 

The result of a chi-square test in table 15 shows that an unhealthy diet, represented by the 

highest quintiles of the first and second principal components, derived from FFQ at age of two 

years, was not associated with current asthma. 

 

 

Table 15 - The first two principal components derived from FFQ administered at age two 
years and current asthma. 
 

 

Diet from FFQ 
administered 
at age 2 years  

Quintile Current 
asthma 
(n=745) 

No current 
asthma 

(n=4127) 

Missing 
(n=1982) 

Total 
(n=6854) 

Test 

 

p-value 

Principal 
component 1 

1  

(healthy) 

158 (23.1) 818 (21.6) 192 (14.0) 1,168 (20.0) χ
2
 

 

 
2 140 (20.5) 817 (21.6) 211 (15.3) 1,168 (20.0)  

 

 
3 140 (20.5) 795 (21.0) 233 (16.9) 1,168 (20.0)  

 

 
4 125 (18.3) 752 (19.9) 291 (21.1) 1,168 (20.0)  

 

 
5 

(unhealthy) 
120 (17.6) 600 (15.9) 449 (32.6) 1,169 (20.0) 

 
0.5946 

 
missing 62 345 606 1,013  

 

Principal 
component 2 

1 

(healthy) 

137 (20.1) 823 (21.8) 208 (15.1) 1,168 (20.0) χ
2
 

 

 
2 137 (20.1) 837 (22.1) 194 (14.1) 1,168 (20.0)  

 

 
3 140 (20.5) 786 (20.8) 242 (17.6) 1,168 (20.0)  

 

 
4 156 (22.8) 717 (19.0) 295 (21.4) 1,168 (20.0)  

 

 
5 

(unhealthy) 

113 (16.5) 618 (16.3) 438 (31.8) 1,169 (20.0)  0.1702 

 
missing 62 346 605 1013  
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The crude and adjusted associations between the first two principal components, derived 

from FFQ administrated at two years, and current asthma are shown in table 16. Crude and 

adjusted ORs for the first principal component and current asthma were respectively 1.04 

(95% CI :0.80-1.34, p-value =0.783) and 1.09 (95% CI 0.83-1.43, p-value=0.529), which means 

that children consuming unhealthy food (quintile 5) had an increase of the odds for current 

asthma compared to children consuming healthy food (quintile 1), although the association 

was not statistically significant. Crude and adjusted ORs for the second principal component 

showed the same positive trend, although it was again not statistically significant. 

Table 16 - Multiple logistic regression between the first two principal components at two 

years and current asthma.  

Dietary variables 
derived from FFQ 
administered at age 2 
years  

Quintiles Current 
asthma 

No current 
asthma 

OR 
univariable 

OR 
Multivariable* 

Principal Component 1 1  

(healthy) 

158 (16.2) 818 (83.8) - - 

 
2 140 (14.6) 817 (85.4) 0.89 

(0.69-1.14, p=0.343) 

0.91 

(0.71-1.17, p=0.474) 

 
3 140 (15.0) 795 (85.0) 0.91 

(0.71-1.17, p=0.464) 

0.95 

(0.74-1.23, p=0.712) 

 
4 125 (14.3) 752 (85.7) 0.86 

(0.67-1.11, p=0.248) 

0.90 

(0.69-1.17, p=0.450) 

 
5 

(unhealthy) 

120 (16.7) 599 (83.3) 1.04 

(0.80-1.34, p=0.783) 

1.09 

(0.83-1.43, p=0.529) 

Principal component 2 1 

(healthy) 

137 (14.3) 823 (85.7) - - 

 
2 137 (14.1) 837 (85.9) 0.98 

(0.76-1.27, p=0.897) 

0.99 

(0.77-1.29, p=0.967) 

 
3 140 (15.1) 786 (84.9) 1.07 

(0.83-1.38, p=0.603) 

1.08 

(0.82-1.40, p=0.591) 

 
4 156 (17.9) 717 (82.1) 1.31 

(1.02-1.68, p=0.036) 

1.31 

(1.01-1.70, p=0.042) 

 
5 

(unhealthy) 

113 (15.5) 618 (84.5) 1.10 

(0.84-1.44, p=0.496) 

1.07 

(0.82-1.41, p=0.614) 

*the model is adjusted for the principal components grouped in quintiles. 
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3.3.2 | Association between diet at two years and severe asthma 

Table 17 shows no statistically significant association between unhealthy food intake, 

represented by the highest quintiles of the first and second principal components,  derived 

from FFQ administered at age two years, and severe asthma. 

 

Table 17 - The first two principal components derived from FFQ administered at age two 

years and severe  asthma. 

Dietary variables from 
FFQ administered at 
age 2 years 

Quintile Severe 
asthma 

(n=207) 

No severe 
asthma 

(n=4665) 

Missing 
(n=1982) 

Total 
(n=6854) 

Test p-
value 

Principal component 1 1 

(healthy) 

44 (23.0) 932 (21.8) 192 (14.0) 1,168 (20.0) χ
2
 

 

 
2 41 (21.5) 916 (21.4) 211 (15.3) 1,168 (20.0)  

 

 
3 33 (17.3) 902 (21.1) 233 (16.9) 1,168 (20.0)  

 

 
4 37 (19.4) 840 (19.7) 291 (21.1) 1,168 (20.0)  

 

 
5 

(unhealthy) 

36 (18.8) 684 (16.0) 449 (32.6) 1,169 (20.0)  0.6753 

 
missing 16 391 606 1013  

 

Principal component 2 1 

(healthy) 

43 (22.5) 917 (21.5) 208 (15.1) 1,168 (20.0) χ
2
 

 

 
2 33 (17.3) 941 (22.0) 194 (14.1) 1,168 (20.0)  

 

 
3 35 (18.3) 891 (20.9) 242 (17.6) 1,168 (20.0)  

 

 
4 46 (24.1) 827 (19.4) 295 (21.4) 1,168 (20.0)  

 

 
5 

(unhealthy) 

34 (17.8) 697 (16.3) 438 (31.8) 1,169 (20.0)  0.2996 

 
missing 16 392 605 1013  
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Multiple regression between the first two principal components at two years and severe 

asthma shows a positive association between an unhealthy diet, represented by quintile 5 of 

the first two principal components, and severe asthma, although it did not reach statistical 

significance (table 18).  

 

Table 18 - Multiple regression between the first two principal components derived from 

FFQ administered at age two years and severe asthma.  

Dietary variables 
derived from FFQ 
administered at age 2 
years 

Quintile Severe 
asthma 

No 

Severe 
asthma 

OR 

 univariable 
OR 

multivariable* 

Principal  
component 1 

1 

(healthy) 

44 (4.5) 932 (95.5) - - 

 
2 41 (4.3) 916 (95.7) 0.95 

(0.61-1.47, p=0.810) 

0.97  

(0.63-1.51, p=0.905) 

 
3 33 (3.5) 902 (96.5) 0.77  

(0.49-1.22, p=0.278) 

0.79  

(0.49-1.26, p=0.320) 

 
4 37 (4.2) 840 (95.8) 0.93  

(0.59-1.46, p=0.761) 

0.93  

(0.58-1.47, p=0.754) 

 
5 

(unhealthy) 

36 (5.0) 683 (95.0) 1.12  

(0.71-1.75, p=0.632) 

1.09  

(0.68-1.75, p=0.716) 

Principal  
component 2 

1 

(healthy) 

43 (4.5) 917 (95.5) - - 

 
2 33 (3.4) 941 (96.6) 0.75  

(0.47-1.18, p=0.218) 

0.75  

(0.46-1.20, p=0.234) 

 
3 35 (3.8) 891 (96.2) 0.84  

(0.53-1.32, p=0.446) 

0.83  

(0.52-1.34, p=0.450) 

 
4 46 (5.3) 827 (94.7) 1.19  

(0.77-1.82, p=0.432) 

1.17  

(0.75-1.83, p=0.488) 

 
5 

(unhealthy) 

34 (4.7) 697 (95.3) 1.04  

(0.65-1.65, p=0.867) 

1.00  

(0.62-1.60, p=0.993) 

*Adjusted for the principal components grouped in quintiles 
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3.4 | Exposure: food frequency questionnaire at 54 months 

The 58 food items in the food frequency questionnaire collected when the children were aged 

54 months are summarized into two principal components, which capture 12.3% of the 

overall variability in the responses. The proportion of variation explained from the factors is 

examined in scree plots. (Figures 6/a, and 6/b).  

 

Figure 6/a Scree plot for principal components derived from FFQ administered at age 54 

months  

 
 

Figure 6/b Scree plot for principal components derived from FFQ administered at age 54 

months. 
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The individual loadings of each food item derived from the 54-month FFQ are shown in the 

loading plots, representing the relationship between the food variables and principal 

components 1 and 2, respectively (Figures 7a and 7/b). For both principal components, 

positive values represent higher consumption of sugary food, hot chips, fast food and white 

bread, in contrast negative values are high intakes of vegetables, brown bread and milk. 

 

Figure 7/a- Loadings plot for principal component 1 derived from FFQ administered at age 

54 months 
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Figure 7/b- Loadings plot for the principal component 2 derived from FFQ administered at 

age 54 months 
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The biplot (figure 8) represents how each food variable in the FFQ administered at age 54 

months contributes to the first two principal components. Food items that have a negative 

loading on the first and second principal components are correlated with a higher frequency 

of healthy food intake, such as vegetables, beans and brown bread. On the contrary, food 

with positive loadings correlates with higher consumption of sugary products, such as soft 

drinks, fast food, confectionery, and refined starches (white bread, snack crisp). 

 

Figure 8 - Biplot of principal components derived from FFQ administered at age 54 months 
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3.4.1| Association between food frequency questionnaire at 54 months and current asthma 

The first two principal components derived from the food frequency questionnaire 

administered when the children were 54 months were divided into quintiles, which were 

ordered from negative values (quintile 1) to positive values (quintile 5). The lowest quintiles 

represent mainly healthy food items, while the highest quintiles are mostly unhealthy food 

items. 

 

The chi-square test in table 19 shows no statistically significant association between the first 

two principal components, derived from the food frequency questionnaire administered at age 

54 months, and current asthma. However, children with current were more likely to have an 

unhealthy diet than children with no such condition. 

 

Table 19 – Association between the first two principal components, derived from FFQ 

administered at age 54 months, and current asthma. 

Dietary 
variables 
derived from 
FFQ at age 54 
months 

Quintile Current  
Asthma 

 (n=745) 

No  
current 

Asthma 

(n=4127) 

Missing 
(n=1982) 

Total 
(n=6854) 

Test p-
value 

Principal  
component 1 

1 

(healthy) 

29 (17.2) 195 (21.2) 62 (18.2) 286 (20.0)  

 

 
2 32 (18.9) 198 (21.5) 56 (16.5) 286 (20.0)  

 

 
3 35 (20.7) 192 (20.8) 59 (17.4) 286 (20.0)  

 

 
4 40 (23.7) 181 (19.7) 65 (19.1) 286 (20.0)  

 

 
5 

(unhealthy) 

33 (19.5) 155 (16.8) 98 (28.8) 286 (20.0) χ
2
 0.5084 

 
missing 576 3206 1642 5424  

 

Principal  
component 1 

1 

(healthy) 

38 (22.4) 192 (20.9) 56 (16.5) 286 (20.0)  

 

 
2 33 (19.4) 196 (21.3) 57 (16.8) 286 (20.0)  

 

 
3 32 (18.8) 202 (22.0) 52 (15.3) 286 (20.0)  

 

 
4 32 (18.8) 175 (19.0) 79 (23.2) 286 (20.0)  

 

 
5 

(unhealthy) 

35 (20.6) 155 (16.8) 96 (28.2) 286 (20.0) χ
2
 0.6981 

 
missing 575 3207 1642 5424  

 

 
 

 

 



 

61 

Multiple regression between the first two principal components, derived from the FFQ 

administered at age 54 months, and current asthma is summarized in table 20. Crude and 

adjusted ORs show a positive association between the highest quintiles of the principal 

component 1 and 2 (unhealthy diet) and current asthma, although not statistically significant. 

 

Table 20 - Multiple regression: principal components derived from FFQ administered at age 

54 months and current asthma  

Dietary variable 
derived from FFQ 
at age 54 months 

Quintile Current 
asthma 

No 
Current 
asthma 

OR  
univariable 

OR  
Multivariable* 

Principal 
component 1 

1  

(healthy) 

29 (12.9) 195 (87.1) - - 

 
2 32 (13.9) 198 (86.1) 1.09  

(0.63-1.87,p=0.763) 

1.06  

(0.62-1.84,p=0.826) 

 
3 35 (15.4) 192 (84.6) 1.23  

(0.72-2.10,p=0.452) 

1.20  

(0.70-2.07,p=0.511) 

 
4 40 (18.1) 181 (81.9) 1.49  

(0.89-2.51,p=0.135) 

1.43  

(0.84-2.45,p=0.194) 

 
5 

(unhealthy) 

33 (17.6) 154 (82.4) 1.44 

(0.84-2.49,p=0.186) 

1.34  

(0.75-2.38,p=0.321) 

Principal 
component 2 

1 

(healthy) 

38 (16.5) 192 (83.5) - - 

 
2 33 (14.4) 196 (85.6) 0.85 

(0.51-1.41,p=0.532) 

0.90 

(0.54-1.51,p=0.695) 

 
3 32 (13.7) 202 (86.3) 0.80  

(0.48-1.33,p=0.392) 

0.89  

(0.52-1.52,p=0.668) 

 
4 31 (15.0) 175 (85.0) 0.90  

(0.53-1.50,p=0.674) 

0.97  

(0.57-1.64,p=0.902) 

 
5 

(unhealthy) 

35 (18.4) 155 (81.6) 1.14 

(0.69-1.89,p=0.609) 

1.16 

(0.70-1.93,p=0.565) 

*OR multivariable: the model is adjusted for the principal components grouped in quintiles. 
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3.4.2| Association between diet at 54 months and severe asthma 

The chi-square test in table 21 shows children with severe were more likely to have an 

unhealthy diet, represented by the highest quintile of the first two principal components 

derived from FFQ administrated at 54-months, than children with no severe asthma, but the 

association was not no statistically significant. 

 

Table 21– Association between principal component 1 and 2 derived from FFQ administered 

at age 54 months and severe asthma. 

Dietary variable 
derived from 
FFQ at age 54 
months 

Quintile Severe 
asthma 
n=207) 

No Severe 

Asthma 

(n=4665) 

Missing 
(n=1982) 

Total 
(n=6854) 

Test p-value 

Principal 
component 1 

1 (healthy) 7 (16.3) 217 (20.7) 62 (18.2) 286 (20.0) χ
2
 

 

 
2 5 (11.6) 225 (21.5) 56 (16.5) 286 (20.0)  

 

 
3 7 (16.3) 220 (21.0) 59 (17.4) 286 (20.0)  

 

 
4 12 (27.9) 209 (20.0) 65 (19.1) 286 (20.0)  

 

 
5 12 (27.9) 176 (16.8) 98 (28.8) 286 (20.0)  0.1369 

 
missing 164 3618 1642 5424  

 

Principal 
component 1 

1 10 (22.7) 220 (21.0) 56 (16.5) 286 (20.0) χ
2
 

 

 
2 8 (18.2) 221 (21.1) 57 (16.8) 286 (20.0)  

 

 
3 8 (18.2) 226 (21.6) 52 (15.3) 286 (20.0)  

 

 
4 7 (15.9) 200 (19.1) 79 (23.2) 286 (20.0)  

 

 
5 (unhealthy) 11 (25.0) 179 (17.1) 96 (28.2) 286 (20.0)  0.6996 

 
missing 163 3619 1642 5424  
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Crude and adjusted ORs in table 22 show again an association in the positive direction 

between the highest quintile of the first two principal components (unhealthy diet), derived 

from the FFQ administered at age 54 months, and severe asthma, although not statistically 

significant. 

 

Table 22 - Multiple logistic regression between dietary variables derived from FFQ 

administered at 54 months and severe asthma. 

Dietary variable 
derived from FFQ at 
age 54 months 

Quintile Severe 

asthma 

No 

severe 
asthma 

OR  
univariable 

OR  
multivariable* 

Principal component 1 1 

(healthy) 

7 (3.1) 217 (96.9) - - 

 
2 5 (2.2) 225 (97.8) 0.69  

(0.20-2.19,p=0.530) 

0.66  

(0.19-2.10,p=0.480) 

 
3 7 (3.1) 220 (96.9) 0.99  

(0.33-2.93,p=0.980) 

0.95  

(0.31-2.88,p=0.931) 

 
4 12 (5.4) 209 (94.6) 1.78  

(0.70-4.86,p=0.235) 

1.68  

(0.64-4.71,p=0.304) 

 
5 

(unhealthy) 

12 (6.4) 175 (93.6) 2.13  

(0.84-5.82,p=0.121) 

1.90  

(0.70-5.51,p=0.217) 

Principal component 2 1  

(healthy) 

10 (4.3) 220 (95.7) - - 

 
2 8 (3.5) 221 (96.5) 0.80  

(0.30-2.06,p=0.638) 

0.92  

(0.34-2.42,p=0.870) 

 
3 8 (3.4) 226 (96.6) 0.78  

(0.29-2.01,p=0.605) 

1.00  

(0.36-2.70,p=0.996) 

 
4 6 (2.9) 200 (97.1) 0.66  

(0.22-1.81,p=0.429) 

0.77  

(0.25-2.16,p=0.620) 

 
5 

(unhealthy) 

11 (5.8) 179 (94.2) 1.35  

(0.56-3.31,p=0.501) 

1.35  

(0.55-3.32,p=0.509) 

* Adjusted for the principal components grouped in quintiles. 
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3.5 | Association between socio-economic status, ethnicity and diet at two years.  

Due to the lack of statistically significant association between an unhealthy diet and asthma, 

I explored in tables 23/a and 23/b the association of respectively the first principal 

component and the second component with ethnicity and socioeconomic position. Among 

Māori children, the consumption of an unhealthy diet (quintile 5 of principal components 1 

and 2) is almost double the intake of a healthy diet (quintile 1) (p-value<0.001). For Pacific 

children, the consumption of unhealthy food is about four times the intake of a healthy diet 

(p-value<0.001). On the contrary, European and Asian children report a higher intake of a 

healthy diet (p-value <0.001). Moreover, children living in the most deprived neighbourhoods 

(NZDep06- quintile 5) are almost three times more likely to consume an unhealthy than a 

healthy diet (p-value<0.001). 

Table 23/a – First principal component derived from FFQ administered at age two years and 
socio-economic position. 

Variable PC 1a 

quintile 1 
(healthy) 
(n=1168) 

PC 1 
quintile 2 
(n=1168) 

PC 1 
quintile 3 
(n=1168) 

PC 1 
quintile 4 
(n=1168) 

PC 1 
quintile 5 

(unhealthy) 
(n=1169) 

test p-value 

Māori 208 (17.8) 232 (19.9) 236 (20.2) 287 (24.6) 366 (31.3) χ
2
 <0.001 

Pacific 124 (10.6) 147 (12.6) 158 (13.5) 218 (18.7) 458 (39.2) χ
2
 <0.001 

European 876 (75.1) 909 77.7) 914 (78.3) 808 (69.2) 580 (49.2) χ
2
 <0.001 

Asian 233 (20.0) 165 (14.1) 170 (14.6) 172 (14.7) 189 (16.2) χ
2
 <0.001 

NZDEP2006 
-Quintile 5 

 (most deprived) 
-Quintile 4 
-Quintile 3 
-Quintile 2 
-Quintile 1  
(least deprived)  

 

183(15.9) 

 

221 (19.2) 

225 (19.6) 

265 (23.1) 

255 (22.2)  

 

208 (18.2) 

 

210 (18.4) 

195 (17.0) 

285 (24.9) 

246 (21.5) 

 

202 (17.6) 

 

249 (21.7) 

227 (19.8) 

243 (21.2) 

225 (19.6)  

 

292 (25.9) 

 

243 (21.6) 

209 (18.6) 

192 (17.1) 

190 (16.9)  

 

503 (44.7) 

 

250 (22.2) 

142 (12.6) 

128 (11.4) 

102 (9.1)  

 

χ
2
 

 

<0.001 

PC 1a=principal component 1  
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Table 23/b – Second principal component, derived from FFQ administered at age two years, 
and socio-economic position. 

Variable PC 2a 
quintile 1 
(healthy) 
(n=1168) 

PC 2 
quintile 2 
(n=1168) 

PC 2 
quintile 3 
(n=1168) 

PC 2 
quintile 4 
(n=1168) 

PC 2 
quintile 5 

(unhealthy) 
(n=1169) 

Test p value 

Māori 200 (17.1) 197 (16.9) 253 (21.7) 294 (25.2) 385 (32.9) χ2 <0.001 

Pacific 112 (9.6) 124 (10.6) 170 (14.6) 246 (21.1) 453 (38.8) χ2 <0.001 

European 924 (79.1) 939 (80.4) 863 (73.9) 768 (65.8) 593 (50.7) χ2 <0.001 

Asian 158 (14.4) 151 (12.9) 204 (17.5) 213 (18.3) 192 (16.4) χ2 <0.001 

NZDEP2006 
-Quintile 5 
(most deprived)  
-Quintile 4 
-Quintile 3 
-Quintile 2 
-Quintile 1 
(least deprived)  

 

174 (15.3) 

 

232 (20.4) 

230 (20.2) 

257 (22.5) 

247 (21.7)  

 

203 (17.8) 

 

221 (19.3) 

218 (19.1) 

264 (23.1) 

237 (20.7)  

 

230 (20.0) 

 

232 (20.2) 

194 (16.9) 

254 (22.1) 

239 (20.8) 

 

287 (25.1) 

 

258 (22.6) 

201 (17.6) 

209 (18.3) 

189 (16.5) 

 

494 (44.3) 

 

230 (20.6) 

155 (13.9) 

129 (11.6) 

106 (9.5)  

 

χ2 
 

 

 

 

 

 

 

 

 

 

 

<0.001 

PC 2
a
=principal component 2. 
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3.6 | Association between diet at two years and BMI z-score at eight years.  

As expected, there is a strong association between unhealthy dietary and increased BMI z-

score. Tables 24/a and 24/b show that the mean BMI z-score at eight years increases from a 

healthy diet (quintile 1) to an unhealthy diet (quintile 5) in the first two principal components 

derived from FFQ administered at two years of age (p-value <0.001). 

Table 24/a – Association between the first principal component 1, derived from FFQ at two 

years, and mean BMI z-score at eight years  

Principal component 1  
derived from FFQ  administrated 

at 2 years 

 

BMI z-score at 8 years 

 Mean 
Test p-value 

Quintile 1 (healthy) 0.386   

Quintile 2 0.402   

Quintile 3 0.487   

Quintile 4 0.737   

Quintile 5 (unhealthy) 1.139 ANOVA <0.001 

 

Table 24/b – Association between the second principal component, derived from FFQ at 

two years, and mean BMI z-score at eight years  

Principal component 2  
derived from FFQ administrated  
 at age two years 

 

BMI z-score at 8 years 
Mean 

Test p-value 

Quintile 1 (healthy) 0.469   

Quintile 2 0.404   

Quintile 3 0.548   

Quintile 4 0.703   

Quintile 5 (unhealthy) 0.981 ANOVA <0.001 
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Boxplots in figures 9/a and 9/b represent the degree of association between BMI z-score at 

eight years and quintiles of principal components 1 and 2 derived from the FFQ administered 

at two years of age.  

Figure 9/a -BMI z-score at eight years and principal component 1 derived from FFQ 

administrated at age two years. 
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Figure 9/b - BMI z-score at eight years and principal component 2 derived from FFQ 

administrated at age two years.
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3.7 | Association between scabies and asthma 
 
The prevalence of scabies in the cohort study group was 0.6% (41/6,854). No link between 

scabies and current or severe asthma was found. 

The chi-square test in table 25/a showed no association between scabies and current asthma 

(p-value=0.8069).The prevalence of scabies in children with current asthma and no current 

asthma was respectively  0.7% (5/745) and 0.6% (26/4,101) 
 

Table 25/a - Scabies and current asthma status. 

Scabies Current asthma 

(n=745) 
No Current asthma 

(n=4127) 
Missing 

(n=1982) 
Total 

(n=6854) 
Test p-value 

No  740  

(99.3) 

4,101 

(99.4) 

1,972  

(99.5) 

6,813  

(99.4) 

 

 

Yes  5  

(0.7) 

26 

(0.6)  

10 

 (0.5) 

41  

(0.6) 

χ
2
 0.8069 

 

The chi-square test in table 25/b showed  that scabies diagnosis was also not associated with 

severe asthma (p-value=0.8701). The prevalence of scabies in children with severe asthma 

and children with no severe asthma is 0.5% (1/207)  and 0.6% (30/4,665), respectively. 

 

Table 25/b - Scabies and severe asthma status. 

Scabies Severe asthma 
(n=207) 

No severe 
asthma 

(n=4665) 

Missing 
(n=1982) 

Total 
(n=6854) 

test p-value 

No   206  

(99.5) 

4,635 

 (99.4) 

1,972 

 (99.5) 

6,813  

(99.4) 

 

 

Yes  1  

(0.5) 

30  

(0.6)  

10  

(0.5) 

41  

(0.6) 

χ
2
 0.7801 
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The chi-square test in table 26 shows that Māori ethnicity and living in lower socioeconomic 

are statistically significantly associated with scabies. Among Māori children, 52.5% had 

scabies versus 23.8% with no scabies (p-value <0.001). In Pacific children, 35% had scabies 

versus 21% with no such condition, which almost reached statistical significance (p-

value=0.053). Among children living in the most deprived areas, 52.5% had scabies versus 

26.1% with no scabies (p-value=0.005). 

 

Table 26 - Socioeconomic status and scabies prevalence. 
Variable Level Scabies 

(n=41) 
No scabies 
(n=6813) 

Total 
(n=6854) 

Test p-value 

Māori  No 19 (47.5) 4,901 (76.2) 4,920 (76.1)  
 

 
Yes 21 (52.5) 1528 (23.8) 1,549 (23.9) χ

2
 <0.001 

 
missing 1 384 385  

 

Pacific  No 26 (65.0) 5,065 (78.8) 5,091 (78.7)  

 

 
Yes 14 (35.0) 1364 (21.2) 1,378 (21.3) χ

2
 0.053 

 
missing 1 384 385  

 

NZDep06a Quintile 5  

(most deprived) 

21 (52.5) 1,676 (26.1) 1,697 (26.2)  

 

 

Quintile 4 6 (15.0) 1326 (20.6) 1,332 (20.6)  

 

 

Quintile 3 5 (12.5) 1109 (17.2) 1,114 (17.2)  

 

 

Quintile 2 5 (12.5) 1214 (18.9) 1,219 (18.8)  

 

 

Quintile 1  

(least deprived) 

3 (7.5) 1104 (17.2) 1,107 (17.1) χ
2
 0.005 

 

missing 1 384 385  

 

 a NZDep06 measure of area-based socio-economic deprivation when children were nine months old.  
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4 | DISCUSSION 

 

4.1| Principal findings 

The main findings from the analyses are an association between BMI z-score, reported at 54 

months and eight years, and the incidence of current asthma at eight years of age. 

 

The result of the association between BMI z-score and my outcomes is summarized in table 

27. The t-test shows a statistically significant association between BMI z-score, measured at 

54 months and eight years of age, and current asthma, but no association between BMI z-

score at age two years and current asthma. No association was found between BMI z-score 

and severe asthma as the outcome. 

 

Table 27 – T-test for the association between BMI z-scores and outcomes. 

Exposure 

 

Test Outcome  

 Current asthma                           Severe asthma 

BMI z-score 2 years 

BMI z-score 54 months  

BMI z-score 8 years 

t-test 

t-test 

t-test 

Not statistically significant  

Statistically significant 

Statistically significant 

Not statistically significant  

Not statistically significant 

Not statistically significant 

 

The crude odds ratio (OR) for BMI z-score at age 54 months and current asthma was 1.09 

(95% CI:1.02-1.17, p-value=0.008), but the association was not any more statistically 

significant  in the adjusted analysis  (OR=1.04, 95%CI: 0.97-1.12, p-value=0.255). Crude and 

adjusted ORs for BMI z-score at age eight years were respectively 1.13 (95% CI 1.07-1.20, p-

value <0.001) and 1.08 (95% CI 1.02-1.16, p-value=0.016). The positive association remained 

statistically significant in crude and adjusted analyses when gender, Māori ethnicity, and 

maternal smoking were introduced into the model.  

 

From the analysis of dietary intake at age two years and 54 months, the results show a positive 

association between an unhealthy diet and the outcomes, although it did not reach statistical 

significance. Unhealthy dietary habits were strongly associated with social demographic 

deprivation and with Māori and Pacific ethnic groups.  

 



 

72 

The analyses reported in this thesis did not show an association between scabies and asthma, 

although both conditions were strongly associated with Māori and Pacific ethnicities and low 

socioeconomic position. 

 

 

4.2 | Strengths of the study 

The strengths of this study were the large sample size and the extensive data available, which 

provided an adequate statistical power in the study to detect differences in exposure groups. 

The recruitment process of this study was also representative of the New Zealand children 

population. Moreover, the longitudinal study design offered the potential to assess a 

temporal relationship between exposure and outcome. 

 

This is the first longitudinal study, to my knowledge, to investigate in New Zealand the link 

between BMI z-score, diet, scabies and childhood asthma. 

 

 

4.3 | Limitations of the study 

The main limitation of my study was the likely measurement error introduced by defining 

current and severe asthma through a parent-reported questionnaire rather than a physician 

diagnosis. Some misclassification might have been present as different parents may perceive 

asthma symptoms differently. Therefore, the criteria used for asthma diagnosis in my cohort 

study may have underestimated the current asthma prevalence,  10.9% compared to 14.9% 

according to the 2017/18 New Zealand Health Survey. 12 Severe asthma may also have been 

under-reported in my study, as its prevalence was 2.37%, compared with 6.8% according to 

the ISAAC study. 71 

 

Dietary assessment always has the potential problem of measurement error.72 Under-

reporting of total energy intake is a common and well-known source of measurement error 

in diet assessment. Evidence suggests that this bias is particularly problematic in obese 

people. 73 The numerous questions adopted in this study about the food consumed in the 

previous four weeks could also have increased the magnitude of recall bias. 
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Another weakness could be the amount of missing data, such as  28.9% (1,982/6,854) in the 

outcome and 27.6%  for the BMI z-score at eight years. However, this is unlikely to affect the 

statistical analysis substantially. 

 

Another source of bias is the diagnosis of scabies, as there is no reliably sensitive method to 

detect scabies; therefore, this disease is frequently misdiagnosed and under-recognised. 74 

The scabies diagnosis in my cohort study is likely to be severely under-reported as the 

diagnosis through hospital record is expected to be an incidental finding during hospital 

admission for other conditions, and permethrin status is only a proxy of likely possible scabies 

treatment. The measurement error associated with scabies diagnosis could explain the lack 

of association between scabies and asthma reported in my cohort study.  

 

4.4 | Interpretation 

The association between BMI z-score, at 54 months and eight years, and current asthma in 

eight-year-old children reported in my study is concordant with the findings from meta-

analyses of cohort  23 25and case control studies, 24  supporting the Bradford-Hill criteria of 

consistency. However, these studies differ from mine as their exposure group were children 

recruited because they were either overweight or obese. The children recruited in my cohort 

study were instead representative of the New Zealand population. 63 Moreover, in most 

studies reported in the meta-analyses, asthma was diagnosed by physicians rather than 

through parental questionnaires, reducing the measurement error.  Therefore, the potential 

under-reported diagnosis of current and severe asthma, present in this study, might be 

responsible for attenuating the true effect in the association between exposure and outcome. 

Further studies should be undertaken adopting physician asthma diagnosis, rather than the 

parents' report,  to minimize the measurement error in the outcome. 

 

The contribution to causation from other Bradford-Hill criteria, such as the strength of 

association and dose-response gradient, seems weak in my study. However, the cohort study 

design allows establishing temporality in the association observed between BMI z-score at 54 

months and current asthma. The association between BMI z-score at eight years and current 

asthma was instead observed when exposure and outcome were measured at the same time. 
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The null association reported in my study between exposure and outcome, such as BMI z-

score at two years and current asthma or BMI z-score and severe asthma,  poses the problem 

of whether a type-2 error is present, which means failing to reject the null hypothesis when 

there a true effect is present. Although type-2 error could be reduced by increasing the 

sample size, I think the sample size in this study was large enough to make this error quite 

unlikely. Measurement error, especially randomly distributed or non-differential, in the 

outcome variables, would tend to bias toward a null association, as I have found. 

 

In the association between diet intake and asthma, this study design was similar to previous 

cohort studies but I did not find a statistically significant association.   The PIAMA birth cohort 

study reported by Berentzen et al,38 showed that asthma risk was increased for high versus 

low consumption of 100% fruit juice (OR=2.09, 95% CI: 1.21-3.60) and for high versus low total 

sugar-containing beverage intake (OR=1.91, 95% CI:1.04-3.38). Another prenatal cohort 

study, called BRISA39 confirmed an association between SSB consumption and child asthma 

traits in children two years old.  A high percentage of daily calories from sugars added to SSBs 

was associated with higher frequencies of child asthma traits (Standardized Coefficient = 

0.073; p-value = 0.30). In both cohort studies asthma diagnosis was obtained by a physician. 

The lack of association observed in my study compared to PIAMA and BRISA cohort studies 

might be due to the measurement error introduced in the outcome as  parent-reported 

questionnaire was used rather than perhaps a more objective physician diagnosis. Therefore, 

the potential under-reported diagnosis of asthma, present in my  study, might be responsible 

for attenuating the true effect in the association between exposure and outcome. Further 

studies should be undertaken by adopting physician asthma diagnosis, rather than the 

parents' report,  to minimize the measurement error in the outcome.  

To reduce the magnitude of recall bias inevitably associated with the record of dietary intake, 

I suggest that further studies should adopt a food frequency questionnaire, limiting to collect 

information on a few food items, such as soft drinks, which are more likely to be responsible 

for obesity. The possible use of camera-based methods and biomarkers of sugars intake could 

also help to minimise the measurement error of diet information. 
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The use of other tests, such as quantitative polymerase chain reaction (qPCR) analysis on skin 

lesions, should also be considered in future studies to improve scabies diagnosis, particularly 

among children with a physician-reported diagnosis of asthma. 

 

 

4 | CONCLUSION 

The result of this cohort study adds to a growing body of statistical evidence that an increased 

BMI z-score is associated with an increased incidence of childhood asthma. These findings 

support the implementation in New Zealand of interventions to reduce excess body fat, 

especially among Māori and Pacific children and children living in the most deprived 

neighbourhoods. These children are also more likely to have an unhealthy diet. Moreover, 

the strong association between mothers who smoked cigarettes and asthma reinforces the 

need for interventions to help parents quit smoking. However, further research projects are 

needed to confirm the relationship between diet intake and asthma; and explore the link 

between scabies and asthma. 
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