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Abstract

Background: Respiratory disease is the third most common cause of death in New Zealand, with Pacific people living in New
Zealand bearing the greatest burden of this type of disease. Although some epidemiological outcomes are known, we lack the
specifics required to formul ate targeted and effective public health interventions. The Pacific Islands Families (PIF) birth cohort
study is a study that provides a unique source of data to assess lung function and current respiratory health among participants
entering early adulthood and to examine associations with early life events during critical periods of growth.

Objective: This paper aimsto provide an overview of the design, methods, and scope of the Respiratory Health of Pacific Youth
Sudy, which uses the overall PIF study cohort aged 18-19 years.

Methods: From 2000-2019, the PIF study has followed, from birth, the growth, and the development of 1398 Pacific children
born in Auckland, New Zealand. Participants were nested within the overall PIF study (at ages 18-19 years) from June 2018, and
assessments were undertaken until mid-November 2019. The assessments included respiratory and general medical histories, a
general physical examination, assessment of lung function (forced expiratory volume and forced vital capacity), self-completed
guestionnaires (St George's Respiratory Questionnaire, European Quality of Life 5 Dimensions-3 Level, Epworth Sleepiness
Scale for Children and Adolescents, and Leicester Cough Questionnaire), blood tests (eosinophils, Immunoglobulin E,
Immunoglobulin G, Immunoglobulin A, Immunoglobulin M, and C-reactive protein), and chest x-rays. Noninferential analyses
will be carried out on dimensionally reduced risk and protective factors and confounders.

Results: Datacollection began in June 2018 and ended in November 2019, with atotal of 466 participantsrecruited for submission
of the paper. Collection and collation of chest x-ray dataisstill underway, and dataanalysis and expected resultswill be published
by November 2020.

Conclusions: Thisisthefirst longitudinal observational study to address the burden of respiratory disease among Pecific youth
by determining factorsin early life that impose long-term detriments in lung function and are associated with the presence of
respiratory illness. ldentifying risk factors and the magnitude of their effects will help in adopting preventative measures,
establishing whether any avoidable risks can be modified by later resilient behaviors, and provide baseline measurements for the
development of respiratory diseaseinlater adult life. The study results can betranslated into practice guidelines and inform health
strategies with immediate national and international impact.
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Introduction

Background

Respiratory diseaseisthe third most common cause of deathin
New Zedand [1,2], with 69,000 hospitalizations per year.
Hospitaizations are 5.1 times higher and mortality is 2.7 times
greater in the most deprived geographical areas compared with
the least deprived areas [3]. Pediatric hospital admissions for
bronchiolitis, asthma, wheezing, and vira pneumonia have
increased since 2000 to over 21,000 per year [4]. In the same
period since 2000, hospitalizationsin al agesfor bronchiectasis
increased by 30%, with adoubling of deaths [3]. Over 28,000
people in New Zealand are estimated to have severe chronic
obstructive pulmonary disorder (COPD), with up to 15% of the
total population suspected to have the disease [3,5]. This may
partly explain why this rise in respiratory disease is strongly
demonstrated in South Auckland [4], a geographical areawith
very high levels of deprivation, particularly among its large
Pecific and Maori populations.

Pecific people (Samoan, Tongan, Cook Islands Maori, Niuean,
and Tokelauan) living in New Zealand are the fourth largest
population group, and thethird largest living in Auckland, New
Zeadland's biggest city [6]. Of the Pacific population resident
here, 21% live in South Auckland (Manukau District) [7], and
76% of these people live in the most deprived areas [8]. Of all
ethnic groups, Pecific people bear the greatest burden of
respiratory diseases [2], and across all age groups, their
hospitalization ratesfor theseillnesses are 2.6 times higher than
those for other ethnic groups [2,3,9]. Relative risks for the
Pacific population range between 1.7 and 18.2 for asthma[10],
bronchiectasis [10,11], bronchialitis [12], pneumonia [13],
COPD [14,15], and obstructive sleep apnea[16], compared with
non-Pecific people. Thisrepresentsasignificant health disparity
for Pacific people, who have the highest proportion of
individuals in the 15- to 24-year age bracket [17], and is
expected to constitute 10% of the population and 12% of the
working-age population by 2026 [18].

Lung development starts in utero with substantial structural
development and continues through early childhood, with the
alveoli likely increasing in number, size, and complexity through
adolescence [19,20]. Maximum lung volumes are reached
around 20 to 22 years of age for males and dlightly earlier
(around 18-20 years) for females[21]. Thisrepresentsa 30-fold
increase in lung volume and a 20-fold increase in
gas-exchanging surface areawith at least a doubling of airway
length and diameter. Nevertheless, after peaking in early
adulthood, lung function gradually declineswith agein healthy
individuals because of factorsincluding loss of lung elasticity,
thedeclinein respiratory muscle strength, and reduced alveolar
surface area[22].

Current scientific theory indicates that many adult respiratory
diseases arise from early events during the period of rapid
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growth from infancy through childhood [19,23]. The impact of
respiratory events early in life appears to be two-fold: (1) early
insults may prevent attainment of peak lung function with a
subsequent decline from alower peak level and/or increase the
rate of rapid declineand (2) early diseaseincreases susceptibility
to developing a later disease. These factors may predispose to
the development of chronic lung diseases such as asthma,
COPD, and bronchiectasis in adulthood [24].

Reduced Lung Function

Intrauterine growth restriction is arisk factor for reduced lung
function during infancy [25], childhood [26], and adulthood
(using sdlf-reported birth weight) [27]. In-utero smoke exposure
is associated with reduced lung function at birth [28], early
childhood [29], and early adulthood [30,31], and is similarly
associated with accelerated lung function decline [32]. Living
with a smoker up to the age of 18 years increases the risk of
cough and sputum production as adults[33]. In addition, asthma
in childhood is associated with lower lung function in adulthood
[34-36] and amore rapid decline in lung function [37].

Once airway restriction has occurred, the composite picture
from other overlapping studies in heathy and asthmatic
populations suggests that lung function centiles tend to track
with time[38,39]. Firgt, cohort studiesin Tucson (n=826) [40],
Perth (n=243) [41], Sydney (n=10,898) [42], Manchester
(n=690) [43], and the Netherlands (n=838) [44] have shown
that the majority of early infant wheezers have reduced lung
function at school age. Second, these studies have also shown
that from infancy to childhood (n=95) [41], infancy to early
adulthood (n=169) [39], across childhood [41-43], and into early
adulthood from 9 years (n=646) [45] and 11 years (n=600) [38],
those with low lung function on the first assessment remained
inthelower centile. A large community study on atherosclerosis
risk (n=15,536) described an increased risk of COPD in those
with accelerated lung function decline (excluding individuals
who smoke) [46].

Early Disease Predisposing to L ater Disease

In seminal research, Barker et a [47,48] reviewed death
certificate data.across several communitiesin England, showing
that an area with a high infant pneumonia mortality rate had a
high COPD mortality rate 15 years later, suggesting an
individual-level association. Further studies indicate that the
number of lower respiratory tract infectionsin childhood seemed
to predict the presence of obstructive airway disease and
ventilatory impairment in adults [49,50]. Childhood pneumonia
is described as a sentinel event in 28% to 42% of adult
populations with bronchiectasis [51-53], with 60% to 80%
reporting wet cough since childhood [52,54].

In the Dunedin Study birth cohort, 26.9% of the participants
had continuing symptoms of asthma, with half persistent and
half recurring in early adulthood [38]. Admission for
bronchiolitisor pneumoniawhen <5 years of age was associated
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with an increased risk of doctor-diagnosed asthmaand increased
medication use [36,55], which in the European Community
Respiratory Health Survey was shown to be further exacerbated
by smoke exposure [36]. A history of asthmain childhood was
also associated with a5.2 to 12.5 increased risk of COPD [5,56].
However, most of these studies have sampled adult populations
and relied on individual recall of childhood events. Asking a
participant with a current respiratory diagnosis whether they
had an infection in childhood may well introduce bias and, given
the prevalence of respiratory infections in childhood, may not
be discerning.

Fewer studies have examined the impact of risk or protective
factors such as vitamin deficiencies, physical activity levels,
and breastfeeding on respiratory function and later respiratory
disease. Despite early pathological studies that indicated that
the alveolar structure was complete by 2 years of age, recent
magnetic resonance imaging suggests that the alveoli continue
to develop into young adulthood [57-59]. This may widen the
possihility of ongoing damage with new insults but theoretically
also implies that resilient behaviors may improve later lung
growth. In one study, breastfeeding was found to aid lung
growth and was associated with improved forced vital capacity
(FVC) at the age of 10 years but not 18 years [60,61].

Vitamin deficiencies (vitamins A, D, and E) seem to have a
greater effect on aveolar development than on airway
development [62,63]. Maternal vitamin A supplementation was
shown to increase FVC and forced expiratory volume in 1
second (FEV 1) among 1894 children aged 9 to 13 yearsliving
in Nepal (a population with high vitamin A deficiency)
compared with children whose mothers had received a placebo
[62]. A study examining dietary antioxidants among 243 healthy,
nonsmoking students in the United States (mean age of 18.3
years, SD 1.95) showed that vitamin C and magnesium intake
was associated with higher lung function in these college
students [64]. Breastfeeding [65-68], immunizations [69,70],
and adequate vitamin D levels [71-74] are all associated with
fewer early childhood infections, which may protect lung
development.

There are some known gender differencesin respiratory disease
patterns. Hospitalization rates for total respiratory admissions
are higher in boys than girlswhen less than 15 years of age but
become more common in women than in men as adults [75].
Hospitalization rates for asthma have a rate ratio of 2.75 for
children (<15 years of age) when compared with adults (30-64
years of age), but there are clear gender differences. Girlswith
arate ratio of 0.78 were compared with boys, but women with
a rate ratio of 1.86 were compared with men. Similarly,
medicated asthma in 2016 to 2017 was seen in 11.3% of girls
and 17.2% of boys, whereas it was present in 14% of women
but only 9.9% of men. Hospitalization for bronchiolitis,
bronchiectasis, and pneumonia occurs more frequently in boys
(rate ratios for girls between 0.64 and 0.98) [75]. Although
hospitalization rates for COPD were significantly higher in
women than men by 45 to 64 years of age, mortality wassimilar
between genders, but mortality for women with bronchiectasis
was higher than men [76]. Smoking rates also differed, with
28% of Pacific men and 22% of Pacific women smoking. In
addition, Pacific people have the most rapid transition from
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experimentation to regular smoking of 2.7 yearswhen compared
with other community groups[77].

The Pacific Islands Families (PIF) study birth cohort is an
ongoing observational study of the health and development of
abirth cohort of children of Pacific ethnicity and their parents.
The selected findings from the study included a high
immunization uptake (89%) among the cohort over the first 2
yearsof life[78]. At 4 years of age, many children in the cohort
and their mothers had poor basic oral hygiene (34% of mothers
were brushing <1/day and 50% had either never seen a dentist
or had not visited one in the last 5 years, 47% of the children
brushed <1 time per day, and 47% had no adult assistance with
brushing) [79]. Moreover, 57% of these children wereroutinely
snacking or drinking immediately before bed, which
substantially increased their health risk [ 79]. Parental smoking
preval ence and secondhand smoke exposure among the cohort
aged 11 years indicated very high prevalence rates (33% of
mothers and 40% of fathers) [80], resulting in about 50% of
families with at least one parent who smoked, and 25% with
both parentswho smoked [81]. This suggeststhat environmental
smoke exposure is a significant health risk for children from
the cohort living in these households. To date, there has been
no formal respiratory assessment undertaken among the cohort.
This paper provides an overview of the design, methods, and
scope of Respiratory Health of Pacific Youth, a retrospective
study of early childhood events and their impact on current
respiratory status nested within the overall PIF study (at ages
18-19 years).

Study Objectives

This study will address 3 objectives. (1) estimate the effect of
early life (eg, birthweight, antenatal smoke exposure, postnatal
smoke exposure) and childhood risk factors (eg, alergies,
dwelling conditionsfrom thefirst 2 years of life, child smoking
at 14 years) on peak lung function attainment and respiratory
outcomes in Pacific youth aged 18 to 19 years; (2) determine
modifiable childhood risk and protective factors; including
breastfeeding, immunization, and nutrition during the first 2
years of life; exercise at ages 4, 11, and 14 years; peak flow at
ages 6 and 9 vyears, respiratory infections, respiratory
condition—related hospital admissions, and reported breathing
problems in the first 2 years of life; and asthma in childhood)
on lung function attainment and respiratory outcomesin Pacific
youth aged 18 to 19 years; and (3) estimate the population
attributable fraction and population avoidable fraction of
modifiableearly liferisk factorsand childhood resilience factors
on these outcomes. We hypothesize that at age 18 to 19 years,
(2) early liferisksresult in poorer lung function and respiratory
outcomesin early adulthood in Pacific youth and (2) protective
or resilience factors throughout childhood moderate the impact
of these early life risks on these poorer lung function and
respiratory outcomes in early adulthood.

Methods

Study Design

The PIF birth cohort study is a multidisciplinary study [82]
tracking the health and development of 1398 Pacific children
born at Middlemore Hospital, South Auckland, New Zealand,
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in 2000. A child was defined to be of Pecific Islands ethnicity
if at least one parent self-identified as being of that ethnicity
and only eligibleif at least one parent was a permanent resident
of New Zealand [82]. The PIF study provides a unique source
of datafor research on growth, development, and psychosocial
functioning at critical developmental stages within the family
environment. The size of the cohort was chosen to enable the
generation of findings that were specific to the predominant
Pacific groupsresiding in New Zealand (Samoan, Tongan, and
Cook Idlands Maori) [83]. Assessments and interviews were
conducted at 6 weeks of age, then at 1, 2, 4, 6, 9, 11, 14, and
17 years of age. This study collected cross-sectional data on
respiratory outcomes from the cohort over 2018 to 2019, when
they were aged 18 to 19 years. All antecedent data collected at
previous measurement waves will be available for inclusionin
the analysis where appropriate. Biological sex and gender
stratification will also be considered in the analysis of respiratory
data

Study Population

In recognition of attrition and residential mobility of theinitial
PIF cohort (n=1398, 681 femalesand 717 males, to n=954, 463
females and 468 males) by age 14 years, we anticipated
achieving asample size of 750 youths from the original cohort.
Since June 2018, an assessment of Pacific youth aged 18 to 19
years was initiated. The only exclusion criteria were (1)
exclusion of cohort members whose current sickness would
prohibit them from producing maximal effort during lung
function testing and (2) exclusion of cohort members resident
outside of Auckland, as assessments could only be undertaken
in Auckland.

Study Procedures

Ethical approval for this study was obtained from the Central
Health and Disability Ethics Committee on May 24, 2018
(reference 18/CEN/24). Written informed consent was obtained
from the youth to participate in an assessment involving aseries
of physical and clinical assessments and self-administered
web-based questionnaires. Arrangements were made for 2
research assistants of Pacific ethnicity to transport participants
toand from aclinic set up for the respiratory assessments at the
University of Auckland (Tamaki campus) and Ascot hospital
where chest x-rays and blood tests were performed. The youth
were thanked with a gift voucher for their participation. The
data sets used during this study are available from the
corresponding author upon reasonabl e request.

Outcomes: Clinical Assessments

The primary outcome of this study was the FEV1 Z-score
standardized for height, gender, and age (American Thoracic
Society/European Respiratory Society criteria using Global
Lung Initiative reference values) as a continuous variable. The
FEV1 Z-scorewill be dichotomized to an indicator of aZ-score
<-1.64 for estimating the population attributable risk.

Other clinical assessments involve the documentation of
participants' respiratory and genera medical histories,
medications, a clinical examination (respiratory rate,
cardiovascular, and ear, nose, and throat examinations), and a
Bacillus Camette—Guérin vaccine scar presentation, clubbing
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severity (categorized into mild, moderate, or severe), tonsil
score (according to the Brodsky and Friedman Scales[84]), and
Mallampati score (avisual assessment of the space between the
base of the tongue and the roof of the mouth that is an
independent predictor of obstructive sleep apnea [85,86]). In
addition, social behavior questions on work and sleep schedules,
housing conditions, and exercise routines were asked.
Participants were also asked about their caffeine, alcohoal,
tobacco, and drug intake.

The number of pulmonary exacerbations in the previous 12
months was documented. Symptom severity (cough, sputum
color, and dyspnea) was recorded on validated 5-point scales
[87,88], including (1) cough severity rated on a Likert-like
symptom scale, (2) dyspnea severity rated according to the
Modified Medical Research Council Dyspnea Scale [89], and
(3) sputum color rated according to a Bronkotest color chart
[90].

In addition, oxygen saturation (SPO,; Medtronic, Nellcor
PM10N) and spirometry pre- and postsal butamol (EasyOne Air
Spirometer, NDD Medical Technologies) were assessed.
Spirometry was performed according to American Thoracic
Society standards [91] with predicted values from Global Lung
Initiative reference values [92]. Baseline forced expiratory
measurements were performed until 3 good quality, repeatable
measures were obtained (FVC and FEV 1 both within 0.15 I).
This was followed immediately by the administration of 400
ug of salbutamol using ameter doseinhaler through avolumetric
spacer device, and reversibility was tested by using spirometry
after 15 min.

Nonfasting blood tests were completed at Ascot Hospital by
Labtests, a pathology laboratory service accredited by the
International Accreditation New Zealand. Trained phlebotomists
drew 10 mL of blood for testing the levels of Immunoglobulin
E, Immunoglobulin G, Immunoglobulin A, and Immunoglobulin
M, eosinophils, and C-reactive protein. A further 6 mL of serum
was stored at Middlemore Hospital tissue bank for future
analysis of biomarkers; a separate consent for this analysiswas
obtained.

Chest x-rays (posteroanterior and lateral) were performed by
Ascot Radiology. The radiation dose is 0.02 millisieverts with
background radiation in comparison being 3 to 4 millisieverts,
which is equivalent to 3 days of usual background radiation
exposure. No chest x-rays were taken if a participant was
pregnant. Chest x-rays were scored by 2 scorers using the
Brasfield scoring system. The Brasfield system [93] consists of
scoring chest x-rays using graded responses for 5 specific
aspects: air trapping (scored 0-4), linear markings (bronchial
wall thickening; 0-4), nodular cystic lesions (bronchiectasis;
0-4), large lesions (atel ectasis and pneumonia; 0-5), and general
severity (0-5). A score of 25/25 represents normal lungs, with
numbers detracted for changes seen with lower scores
representing more severe disease.

Outcomes: Physical M easurements

Body size and composition measurementsincluded height (Seca
213), weight (Tanita BC545), waist circumference with a
nonstretchable tape, standing hand-to-foot biocimpedance
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analysis (ImpediMed Single Frequency 50 kHz Bioimpedance
Anayzer, Tanita BC545), and blood pressure using an
automated sphygmomanometer (Omron Auto Blood Pressure
monitor |A2, Omron Healthcare) with appropriate cuff sizes.

Anthropometric and blood pressure measurementswere repeated
until 2 measurements were recorded within a predetermined
tolerance (weight £0.5 kg, height and waist +0.5 cm, and systolic
and diastolic blood pressure £10 mm Hg). BMI was cal culated
as weight in kg/height in meters squared, and prevalence of
obesity, overweight, and thinness were derived, standardized
for age and gender using the Cole cutoffs[94].

Outcomes. Questionnaires

Participants self-administered 4 questionnaires on a tablet
computer with the research nurse present to assist as necessary:
St. George's Respiratory Questionnaire (SGRQ), European
Quiality of Life5Dimensions-3 Level, Epworth Sleepiness Scale
for Children and Adolescents (ESS-CHAD), and the L eicester
Cough Questionnaire (LCQ).

The SGRQ [95,96] includes 56 items across 3 domains:
symptoms, activity, and impact. Component scores from each
domain and atotal score between 1 and 100 will be examined.
Higher scores indicate poorer health.

The European Quality of Life-5 Dimensionsisageneric measure
of self-reported health status [97]. Health status was measured
in terms of 5 dimensions. mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression, as well as a Visual
Analogue Scale.

ESS-CHAD [98], a validated measure of daytime sleepiness
for use with children and adol escents[99], was used to indicate
the possibility of obstructive sleep apnea. A score of 13 to 15
represents amoderate risk and ascore of >15 representsasevere
risk for obstructive sleep apnea. The LCQ evaluates the impact
of cough on the quality of life [100].

Any abnormal results were discussed on a case-by-case basis
between the research nurses conducting the assessments and
the coinvestigators of the study with backgroundsin respiratory
medicine. In cases of incidental findings or results of concern,
areferral |etter was addressed to their general practitioner, along
with notifying general practitioners of their patients
involvement in the study and that the chest x-ray and blood tests
of their patients will be available from the standard clinical
information portal (Concerto).

Data Analysis: Statistical Considerations

A research electronic data capture (REDCap) database (hosted
on the Auckland University of Technology server and fully
compliant with International Organization for Standardization
standards and international data management) was set up to
capture all data. REDCap is a web-based system that can be
used for direct data input or secondary input from paper-based
clinical record forms and questionnaires.

The key objective of the analysis was to obtain causal effect
estimates of risk factors and modifiable protective factors on
respiratory outcomes, conditional on preexisting risk factors
and confounders. The analyses will be carried out in 3 stages:
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(1) dimensional reduction of the covariates, (2) causal modeling
of the risk and protective factors, and (3) estimation of the
population attributable and avoidabl e risks associated with the
risk and protective factors.

Dimensional Reduction

A technical challenge to overcome in this study is the large
dimensionality of the covariates involved, potentially leading
to overfitting. To alleviate this problem, we will apply
dimensional reduction techniquesto the covariates, taking care
to maintain interpretability where necessary, especially with
regard to population attributable and avoidable risks. The
dimensional reduction will proceed using variations in dliced
inverse regression (SIR) [101] from the primary outcome. The
variations considered are specifically adapted to longitudinal
covariate data [102,103] and categorical covariate data[104].
This approach to dimensional reduction will determine, in
practice, a set of linear combinations of the covariates
corresponding to confounders or to a specific risk/protective
factor or specific respiratory conditions that best explain the
primary outcome (such linear combinations can be interpreted
in a manner similar to factors in a factor analysis). In this
fashion, we will reduce the dimensionality of the set of all
confounders, the main purpose of this step, and may be ableto
reduce the dimensionality of aspecific risk or protectivefactors
for which we have longitudinal data (eg, exercise) or severa
simultaneous measures (eg, nutrition), preventing overfitting.
Secondary outcomes will be analyzed using the dimensionally
reduced covariates obtained from the SIR on FEV1 and will
not themselves be the object of an SIR to promote
interpretability.

Causal Inference

With'Y; representing the outcome of interest (primary outcome
FEV 1 Z-score or any of the secondary outcomes) in participant
i, the causal model we will consider is asimple extension from
Robins et a [105].

ELYilX:, R, Zi, G = a'R + BX + Y(X;:R) + 9(C) + h(Z) (1)

where a, 3, and y are the causal parameter vectors of interest;
X; and R, denote the modifiable protective and risk factors,
respectively, and Xi:R, their interaction; C; denotes the
confounders and Z; the early life respiratory conditions; and g
and h are semiparametric functions (typically smoothes or
simply affine functions). Parameters, a, 3, and y are estimated
as fully adjusted causal relationships using a two-stage
estimation technique from Robins et a [105], which relies on
the first-stage estimated conditional expectations E [R|C;, Z],
E [XIC,, Z], and E [X;:R|C;, Z]. These latter quantities are
estimated using appropriate linear, logistic, and multinomial
models and consist of the multivariate equivalent (from a data
analytical point of view) of propensity scores (the distinction
is that propensity scores apply when a single risk factor or
treatment is involved). Causal inference is thus based on a
semiparametric regression model that adjusts for multivariate
propensity scores; the preferred method of propensity score
inverse weighting as used in a study by Austin [106] is not
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applicablein this case, precisely, due to the multiplicity of risk
and protective factors.

For categorical outcomes, alogit link functionis applied to the
right-hand side of the above equation (see also the Inferential
Setting section). Therest of the dataanalytical approach follows
without modification.

We notethat the estimation of a addresseshypothesis 1, whereas
the estimation of B and the interaction term parameter y
addresses hypothesis 2. The causal model considered above
treats early life respiratory conditions on an equal footing with
confounders. We will also attempt the analysis by
simultaneoudly fitting the following components, creating a
mediation analysiswhere early life risk factors may affect later
respiratory outcomes:

Direct path: E[Y_i[X;, R, C_i] =agR + ByX; + Yo' (X:R) + 9o(C)
@)
Mediated path: E[Y_i|X;, Z;, C_i] = £'Z, + By'X; + g,(C)

E[Z_i[X;, R, C_i] = ayR + B2 X + v2' (X:R) + 9x(C)

In our experience, mediated analyses such as equation 2 can
easily become intractable numerically. We are likely to resort
to the mediation model when considering specific early
childhood conditions with reasonably high prevalence, such as
asthma, as opposed to afull set of early childhood conditions.

To alay the bias potentially associated with attrition in the
cohort, we applied inverse probability weighting (IPW), a
recognized technique to compensate for selection bias [107].
IPW will be carried out by identifying early predictors of later
loss to follow-up in a logistic regression model, which will
provide a fitted probability of remaining in the cohort at the
time of assessment for every cohort entrant. IPW will be applied
to participants in all analyses, increasing the influence of
individuals unlikely to self-select and correcting, to the extent
possible from the attrition model, for selection bias.

Population Attributable and Avoidable Risks

The population attribute and avoidable risks (PAR) associated
with each risk and protective factor will be estimated using a
Monte Carlo approach [108] that fully accounts for the
risk/protective factor interaction, confounding and other
adjustments, and mediation, if applicable, as is necessary to
avoid bias and correctly estimate the standard error of the PAR
estimates [109]. PAR will be computed for each respiratory
condition observed during the clinical assessment and a
dichotomized version of the FEV1 Z-score primary outcome,
namely, the indicator that lies below the lower end of normal
(ie, 5% centile at —1.64). Such an approach ismade possible by
the completeness of the data in the early cohort assessments
and alows the indirect estimation of the prevalence of
respiratory conditionsinthefull cohort under mild assumptions
on the loss-to-follow-up mechanism (see below).

Asmissingnessin early childhood datais minimal, wewill use
a singly imputed data set obtained from a full conditional
specification of the covariate distribution using a discriminant
function for categorical values, for our analyses. There will be
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no attempt to impute missing outcome values, if any, from the
clinical assessments.

Inferential Setting

All testswill be carried out at the 5% significance level, against
two-sided hypotheses. Estimates will be reported as point
estimates and 95% Cls. Standard descriptive quantities and
simpleregression resultswill be presented for all outcomesand
main risk and protective factors. The main analysis will be
handled through generalized additive models under a normal
family with anidentity link. Assumptions of residual normality
will be checked visually and using standard distributional tests;
departures from normality will be dealt preferentially with the
selection of an dternative family and link, and, in case of
variance behavior inconsistent with a known family, with a
generalized additive model for location, scale, and shape[110].
The main analyseswill befully adjusted and attempt to present
causal estimates, as indicated above. Analyses will be carried
out using standard procedures from SAS version 9.4 and R
version 3.x, and the study statistician will produce or supervise
the production of custom code to obtain the causal parameter
estimatesand to carry out the Monte Carl o estimation procedure.

Results

This study was funded in October 2017 and received ethical
approval in May 2018. Data collection began in June 2018 and
ended in November 2019, with a total of 466 participants
recruited for submission of the paper. Collection and collation
of chest x-ray data is till underway, and data analysis and
expected results will be published by November 2020.

Discussion

Principal Findings

To the best of our knowledge, this is the first observational
study to addressthe high burden of respiratory diseasein Pacific
youth aged between 18 and 19 years by estimating its causal
relationship with factorsin early life (risk and protective), which
impose long-term detrimentsin lung function and are associated
with the presence of respiratory illness asthis population moves
into young adulthood and nearsthe lifetime peak lung function.
Itisalso at the time when the difference in hospitalization rates
for any respiratory illnesses moves from being higher in males
throughout childhood to being higher in females in adulthood.

Although utilizing the PIF cohort entails some loss in
representativeness with regard to the Pacific population at large,
it brings advantages by avoiding the costs and risks of
establishing a new study de novo. Attrition must be
acknowledged in utilizing this PIF cohort, largely because of
(2) transient residential mobility by the age of 18 yearsand (2)
in part because of logistical difficulties. However, as an
analytical epidemiological study, the sample needs only be
representative with regard to the effect of interest to be an
internally valid study. Even if, in the proposed study, attrition
interacts with the rel ationship between covariates and outcomes,
selection bias will be allayed at the analysis stage by IPW and
plausible causal relationships, revealed [111].
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Conclusions 8% of the original PIF cohort having Maori heritage, and Maori
experiencing a similarly unacceptable high rate of respiratory
illnesses in New Zealand. Moreover, this information can be
directly used to formulate public health strategies to reduce
future disease in this high-risk group for life, which will be
relevant to the population as awhole.

This study will measure current lung function and assess the
presence or absence of respiratory diseasein the PIF study birth
cohort, a group at increased risk of respiratory disease, which
mainly residesin aregion with ahigh prevalence of respiratory
disease. Findings may berelevant for Maori, with approximately

Acknowledgments

The authorswould like to acknowledge the participants and their familiesfor their constant support and participation. The authors
also sincerely thank the research team for their tireless efforts with data collection and project completion. This study was funded
by the Health Research Council of New Zealand (grant number 17/155). This funding body played no role in the design of the
study and collection, analysis, and interpretation of data, or in writing this manuscript.

Authors Contributions

ET, CB, CW, AV, AT, and LI participated in the study design. ET, SJ, LI, and CB drafted the manuscript. All authors revised
the paper and agreed with the final version. All authors agree both to be personally accountable for the author’s own contributions
and to ensure that questions related to the accuracy or integrity of any part of the work, even those in which the author was not
personally involved, are appropriately investigated, resolved, and the resolution documented in the literature.

Conflictsof I nterest
None declared.

References

1.  World Health Organisation. Noncommunicable Diseases Country Profiles. Geneva, Switzerland: World Health Organisation;
2014.

2. Asthmaand Respiratory Foundation of New Zealand: (The Breath of Life): National Respiratory Strategy. Wellington:
The Asthma Foundation; 2015.

3.  Telfar B, Baker M, Pierse N, Zhang J. The Impact of Respiratory Diseasein New Zealand: 2014 Update. Wellington, USA:
The Asthma and Respiratory Foundation of New Zealand; 2015.

4.  Simpson J, Oben G, Craig E, Adams J, Wicken A, Duncanson M. Reddington A: the Determinents of Health for Children
and Young Peoplein the Northern District Health Boards. New Zealand Child and Youth Epidemiology Service, Dunedin,
University of Otago. 2014. URL: http://hdl.handle.net/10523/6411 [accessed 2020-09-23]

5. Shirtcliffe B Marsh S, Travers J, Weatherall M, Beasley R. Childhood asthma and GOL D-defined chronic obstructive
pulmonary disease. Intern Med J 2012 Jan;42(1):83-88. [doi: 10.1111/j.1445-5994.2010.02238.x] [Medline: 20403069]

6. 2013 Census Ethnic Group Profiles. Statistics New Zealand. 2015. URL: http://archive.stats.govt.nz/Census/2013-census/
profile-and-summary-reports/ethnic-profil es.aspx?2url=/Census/2013-census/profil e-and-summary-reports/ethni c-profil es.
aspx [accessed 2019-09-03]

7.  StowersT, Lyndon M, Henning M, Hill A, Webber M. Exploring factors that motivate and influence medical studentsto
attend medical school. Counties Manukau District Health Board. 2019. URL : https.//countiesmanukau.health.nz/assets/
About-CM H/Reports-and-planning/A nnual -reports-and-plans/32b559edbd/2015-16-CM DHB-A nnual - Plan.pdf [accessed
2019-09-03]

8. Winnard D, :ee M. Demographic Profile and Census, Population of Counties Manukau. Counties Manukau Health. 2015.
URL: https://www.counti esmanukau.heal th.nz/assets/ A bout-CM H/Demographi cs-and-popul ations/f 17cdcab96/
Census-2013-profile-for-residents-of -Counties-Manukau.pdf [accessed 2019-09-03]

9. Craig E, Anderson P, Taufa S, Jackson C. The Health Status of Pacific Children and Young Peoplein New Zealand. New
Zealand Child and Youth Epidemiology Service. 2009. URL : https.//www.otago.ac.nz/nzcyes/otago086605.pdf [accessed
2019-09-03]

10. Pattemore PK, Ellison-Loschmann L, Asher MI, Barry DM, Clayton TO, Crane J, ISAAC Study. Asthma prevalence in
European, Maori, and Pacific children in New Zealand: ISAAC study. Pediatr Pulmonol 2004 May;37(5):433-442. [doi:
10.1002/ppul.10449] [Medline: 15095327]

11. TwissJ, Metcalfe R, Edwards E, Byrnes C. New Zealand national incidence of bronchiectasis 'too high' for a devel oped
country. Arch Dis Child 2005 Jul;90(7):737-740 [FREE Full text] [doi: 10.1136/adc.2004.066472] [Medline: 15871981]

12.  Grimwood K, Cohet C, Rich FJ, Cheng S, Wood C, Redshaw N, et a. Risk factorsfor respiratory syncytial virusbronchiolitis
hospital admission in New Zealand. Epidemiol Infect 2008 Oct;136(10):1333-1341. [doi: 10.1017/S0950268807000180]
[Medline: 18177522]

https://www.researchprotocols.org/2020/10/€18916 JMIR Res Protoc 2020 | vol. 9 |iss. 10| 18916 | p. 7
(page number not for citation purposes)


http://hdl.handle.net/10523/6411
http://dx.doi.org/10.1111/j.1445-5994.2010.02238.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20403069&dopt=Abstract
http://archive.stats.govt.nz/Census/2013-census/profile-and-summary-reports/ethnic-profiles.aspx?url=/Census/2013-census/profile-and-summary-reports/ethnic-profiles.aspx
http://archive.stats.govt.nz/Census/2013-census/profile-and-summary-reports/ethnic-profiles.aspx?url=/Census/2013-census/profile-and-summary-reports/ethnic-profiles.aspx
http://archive.stats.govt.nz/Census/2013-census/profile-and-summary-reports/ethnic-profiles.aspx?url=/Census/2013-census/profile-and-summary-reports/ethnic-profiles.aspx
https://countiesmanukau.health.nz/assets/About-CMH/Reports-and-planning/Annual-reports-and-plans/32b559edbd/2015-16-CMDHB-Annual-Plan.pdf
https://countiesmanukau.health.nz/assets/About-CMH/Reports-and-planning/Annual-reports-and-plans/32b559edbd/2015-16-CMDHB-Annual-Plan.pdf
https://www.countiesmanukau.health.nz/assets/About-CMH/Demographics-and-populations/f17cdca696/Census-2013-profile-for-residents-of-Counties-Manukau.pdf
https://www.countiesmanukau.health.nz/assets/About-CMH/Demographics-and-populations/f17cdca696/Census-2013-profile-for-residents-of-Counties-Manukau.pdf
https://www.otago.ac.nz/nzcyes/otago086605.pdf
http://dx.doi.org/10.1002/ppul.10449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15095327&dopt=Abstract
http://adc.bmj.com/cgi/pmidlookup?view=long&pmid=15871981
http://dx.doi.org/10.1136/adc.2004.066472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15871981&dopt=Abstract
http://dx.doi.org/10.1017/S0950268807000180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18177522&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Tautolo et al

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Grant C, Pati A, Tan D, Vogd S, Aickin R, Scragg R. Ethnic comparisons of disease severity in children hospitalized with
pneumoniain New Zealand. J Paediatr Child Health 2001 Feb;37(1):32-37. [doi: 10.1046/j.1440-1754.2001.00583.X]
[Medline: 11168866]

A Portrait of Health: Key results of the 2006/07 New Zealand Health Survey. Ministry of Health. 2008. URL : https://www.
moh.govt.nz/NoteBook/nbbooks.nsf/0/9FF50018D90C43D 3CC2574640009A E76/%$fil e/ portrait-of -heal th-june08. pdf
[accessed 2019-09-03]

Yang IA, Brown JL, George J, Jenkins S, McDonald CF, McDonald VM, et al. COPD-X Australian and New Zealand
guidelines for the diagnosis and management of chronic obstructive pulmonary disease: 2017 update. Med J Aust 2017
Nov 20;207(10):436-442. [doi: 10.5694/mjal7.00686] [Medline: 29129177]

MihaereK, HarrisR, Gander, Reid PM, Purdie G, Robson B, et al. Obstructive sleep apneain New Zealand adults: prevalence
and risk factorsamong Maori and non-Maori. Sleep 2009 Jul;32(7):949-956 [ FREE Full text] [doi: 10.1093/d eep/32.7.949]
[Medline: 19639758]

2013 Census QuickStats About Culture and Identity. Statistics New Zealand. URL : http://www.stats.govt.nz/Census/
2013-census/profile-and-summary-reports/qui ckstats-cul ture-identity.aspx [accessed 2019-09-03]

National Ethnic Population Projections: 2006(Base)—2026 update. Statistics New Zealand. 2006. URL : http://www.
stats.govt.nz/browse for_stats/population/estimates and projections/nati onal ethni cpopul ationprojections_hotp2006-26.
aspx [accessed 2019-09-03]

Stocks J, Hislop A, Sonnappa S. Early lung development: lifelong effect on respiratory health and disease. Lancet Respir
Med 2013 Nov;1(9):728-742. [doi: 10.1016/S2213-2600(13)70118-8] [Medline: 24429276]

Quanjer PH, Stanojevic S, Stocks J, Hall GL, Prasad KV, Cole TJ, Global Lungs Initiative. Changesin the FEV, /FVC
ratio during childhood and adolescence: an intercontinental study. Eur Respir J 2010 Dec;36(6):1391-1399 [FREE Full
text] [doi: 10.1183/09031936.00164109] [Medline: 20351026]

Quanjer PH, Stanojevic S, Cole TJ, Baur X, Hall GL, Culver BH, ERS Global Lung Function Initiative. Multi-ethnic
reference values for spirometry for the 3-95-yr age range: the global lung function 2012 equations. Eur Respir J 2012
Dec;40(6):1324-1343 [FREE Full text] [doi: 10.1183/09031936.00080312] [Medline: 22743675]

Thomas ET, Guppy M, Straus SE, Bell KJ, Glasziou P. Rate of normal lung function decline in ageing adults: a systematic
review of prospective cohort studies. BMJ Open 2019 Jun 27;9(6):€028150 [FREE Full text] [doi:
10.1136/bmjopen-2018-028150] [Medline: 31248928]

Bush A. COPD: apediatric disease. COPD 2008 Feb;5(1):53-67. [doi: 10.1080/15412550701815965] [Medline: 18259975]
Savran O, Ulrik CS. Early life insults as determinants of chronic obstructive pulmonary disease in adult life. Int J Chron
Obstruct Pulmon Dis 2018;13:683-693 [ FREE Full text] [doi: 10.2147/COPD.S153555] [Medline: 29520136]

Hoo A, Stocks J, Lum S, Wade AM, Castle RA, Costeloe KL, et al. Development of lung function in early life: influence
of birth weight in infants of nonsmokers. Am J Respir Crit Care Med 2004 Sep 1;170(5):527-533. [doi:
10.1164/rccm.200311-15520C] [Medline: 15172896]

Kotecha SJ, Watkins WJ, Heron J, Henderson J, Dunstan FD, Kotecha S. Spirometric lung function in school-age children:
effect of intrauterine growth retardation and catch-up growth. Am J Respir Crit Care Med 2010 May 1;181(9):969-974
[FREE Full text] [doi: 10.1164/rccm.200906-08970C] [Medline: 20093643]

Lawlor DA, Ebrahim S, Smith GD. Association of birth weight with adult lung function: findings from the British women's
heart and health study and ameta-analysis. Thorax 2005 Oct;60(10):851-858 [ FREE Full text] [doi: 10.1136/thx.2005.042408]
[Medline: 16055617]

Stocks J, Dezateux C. The effect of parental smoking on lung function and development during infancy. Respirology 2003
Sep;8(3):266-285. [doi: 10.1046/j.1440-1843.2003.00478.x] [Medline: 14528876]

Moshammer H, Hoek G, Luttmann-Gibson H, Neuberger MA, Antova T, Gehring U, et al. Parental smoking and lung
function in children: an international study. Am JRespir Crit Care Med 2006 Jun 1;173(11):1255-1263. [doi:
10.1164/rccm.200510-15520C] [Medline: 16484675]

Hayatbakhsh MR, Sadasivam S, Mamun AA, Ngiman JM, Williams GM, O'Callaghan MJ. Maternal smoking during and
after pregnancy and lung function in early adulthood: a prospective study. Thorax 2009 Sep;64(9):810-814. [doi:
10.1136/thx.2009.116301] [Medline: 19525264]

Svanes C, Omenaas E, Jarvis D, Chinn S, Gulsvik A, Burney P. Parental smoking in childhood and adult obstructive lung
disease: resultsfrom the European community respiratory health survey. Thorax 2004 Apr;59(4):295-302 [FREE Full text]
[doi: 10.1136/thx.2003.009746] [Medline: 15047948]

Allinson JP, Hardy R, Donaldson GC, Shaheen SO, Kuh D, Wedzicha JA. Combined impact of smoking and early-life
exposures on adult lung function trajectories. Am J Respir Crit Care Med 2017 Oct 15;196(8):1021-1030 [FREE Full text]
[doi: 10.1164/rccm.201703-05060C] [Medline: 28530117]

David GL, Koh WP, Lee HP, Yu MC, London SJ. Childhood exposure to environmental tobacco smoke and chronic
respiratory symptoms in non-smoking adults: the Singapore Chinese health study. Thorax 2005 Dec;60(12):1052-1058
[FREE Full text] [doi: 10.1136/thx.2005.042960] [Medline: 16131525]

https://www.researchprotocol s.org/2020/10/€18916 JMIR Res Protoc 2020 | vol. 9 | iss. 10| €18916 | p. 8

(page number not for citation purposes)


http://dx.doi.org/10.1046/j.1440-1754.2001.00583.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11168866&dopt=Abstract
https://www.moh.govt.nz/NoteBook/nbbooks.nsf/0/9FF50018D90C43D3CC2574640009AE76/$file/portrait-of-health-june08.pdf
https://www.moh.govt.nz/NoteBook/nbbooks.nsf/0/9FF50018D90C43D3CC2574640009AE76/$file/portrait-of-health-june08.pdf
http://dx.doi.org/10.5694/mja17.00686
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29129177&dopt=Abstract
http://europepmc.org/abstract/MED/19639758
http://dx.doi.org/10.1093/sleep/32.7.949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19639758&dopt=Abstract
http://www.stats.govt.nz/Census/2013-census/profile-and-summary-reports/quickstats-culture-identity.aspx
http://www.stats.govt.nz/Census/2013-census/profile-and-summary-reports/quickstats-culture-identity.aspx
http://www.stats.govt.nz/browse_for_stats/population/estimates_and_projections/nationalethnicpopulationprojections_hotp2006-26.aspx
http://www.stats.govt.nz/browse_for_stats/population/estimates_and_projections/nationalethnicpopulationprojections_hotp2006-26.aspx
http://www.stats.govt.nz/browse_for_stats/population/estimates_and_projections/nationalethnicpopulationprojections_hotp2006-26.aspx
http://dx.doi.org/10.1016/S2213-2600(13)70118-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24429276&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=20351026
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=20351026
http://dx.doi.org/10.1183/09031936.00164109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20351026&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=22743675
http://dx.doi.org/10.1183/09031936.00080312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22743675&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=31248928
http://dx.doi.org/10.1136/bmjopen-2018-028150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31248928&dopt=Abstract
http://dx.doi.org/10.1080/15412550701815965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18259975&dopt=Abstract
https://dx.doi.org/10.2147/COPD.S153555
http://dx.doi.org/10.2147/COPD.S153555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29520136&dopt=Abstract
http://dx.doi.org/10.1164/rccm.200311-1552OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15172896&dopt=Abstract
http://europepmc.org/abstract/MED/20093643
http://dx.doi.org/10.1164/rccm.200906-0897OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20093643&dopt=Abstract
http://thorax.bmj.com/cgi/pmidlookup?view=long&pmid=16055617
http://dx.doi.org/10.1136/thx.2005.042408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16055617&dopt=Abstract
http://dx.doi.org/10.1046/j.1440-1843.2003.00478.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14528876&dopt=Abstract
http://dx.doi.org/10.1164/rccm.200510-1552OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16484675&dopt=Abstract
http://dx.doi.org/10.1136/thx.2009.116301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19525264&dopt=Abstract
http://thorax.bmj.com/cgi/pmidlookup?view=long&pmid=15047948
http://dx.doi.org/10.1136/thx.2003.009746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15047948&dopt=Abstract
http://europepmc.org/abstract/MED/28530117
http://dx.doi.org/10.1164/rccm.201703-0506OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28530117&dopt=Abstract
http://thorax.bmj.com/cgi/pmidlookup?view=long&pmid=16131525
http://dx.doi.org/10.1136/thx.2005.042960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16131525&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Tautolo et al

34. Edwards CA, Osman LM, Godden DJ, Campbell DM, Douglas JG. Relationship between birth weight and adult lung
function: controlling for maternal factors. Thorax 2003 Dec;58(12):1061-1065 [FREE Full text] [doi:
10.1136/thorax.58.12.1061] [Medline: 14645976]

35. Oswald H, Phelan PD, Lanigan A, Hibbert M, Carlin JB, Bowes G, et al. Childhood asthma and lung function in mid-adult
life. Pediatr Pulmonol 1997 Jan;23(1):14-20. [doi: 10.1002/(sici)1099-0496(199701)23:1<14::aid-ppul 2>3.0.co;2-p]
[Medline: 9035194]

36. Dharmage SC, Erbas B, Jarvis D, Wjst M, Raherison C, Norbéck D, et al. Do childhood respiratory infections continue to
influence adult respiratory morbidity? Eur Respir J 2009 Feb;33(2):237-244 [FREE Full text] [doi:
10.1183/09031936.00062907] [Medline: 19010990]

37. Marossy AE, Strachan DP, Rudnicka AR, Anderson HR. Childhood chest illness and the rate of decline of adult lung
function between ages 35 and 45 years. Am J Respir Crit Care Med 2007 Feb 15;175(4):355-359. [doi:
10.1164/rccm.200607-10230C] [Medline: 17023728]

38. SearsMR, Greene M, Willan AR, Wiecek EM, Taylor DR, Flannery EM, et a. A longitudinal, population-based, cohort
study of childhood asthma followed to adulthood. N Engl JMed 2003 Oct 9;349(15):1414-1422. [doi:
10.1056/NEJM 0a022363] [Medline: 14534334]

39. Stern DA, Morgan WJ, Wright AL, Guerra S, Martinez FD. Poor airway function in early infancy and lung function by
age 22 years: anon-selective longitudinal cohort study. Lancet 2007 Sep 1;370(9589):758-764 [ FREE Full text] [doi:
10.1016/S0140-6736(07)61379-8] [Medline: 17765525]

40. Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen M, Morgan WJ. Asthma and wheezing in the first six years
of life. The group health medical associates. N Engl JMed 1995 Jan 19;332(3):133-138. [doi:
10.1056/NEJM 199501193320301] [Medline: 7800004]

41. Turner SW, Palmer LJ, Rye PJ, Gibson NA, Judge PK, Cox M, et a. The relationship between infant airway function,
childhood airway responsiveness, and asthma. Am J Respir Crit Care Med 2004 Apr 15;169(8):921-927. [doi:
10.1164/rccm.200307-8910C] [Medline: 14764431]

42. Woolcock A, Leeder S, Peat J, Blackburn CR. The influence of lower respiratory illnessin infancy and childhood and
subsequent cigarette smoking on lung function in Sydney schoolchildren. Am Rev Respir Dis 1979 Jul;120(1):5-14. [doi:
10.1164/arrd.1979.120.1.5] [Medline: 464384]

43. LowelLA, Simpson A, Woodcock A, Morris J, Murray CS, Custovic A, NAC Manchester AsthmaAllergy Study Group.
Wheeze phenotypes and lung function in preschool children. Am JRespir Crit Care Med 2005 Feb 1;171(3):231-237. [doi:
10.1164/rccm.200406-6950C] [Medline: 15502115]

44. Brussee JE, Smit HA, Koopman LB, WijgaAH, Kerkhof M, Corver K, et a. Interrupter resistance and wheezing phenotypes
at 4 years of age. Am JRespir Crit Care Med 2004 Jan 15;169(2):209-213. [doi: 10.1164/rccm.200306-8000C] [Medline:
14597483]

45. Chan JY, Stern DA, Guerra S, Wright AL, Morgan WJ, Martinez FD. Pneumoniain childhood and impaired lung function
in adults: alongitudinal study. Pediatrics 2015 Apr;135(4):607-616 [ FREE Full text] [doi: 10.1542/peds.2014-3060]
[Medline: 25733757]

46. Mannino DM, Reichert MM, Davis KJ. Lung function decline and outcomesin an adult population. Am J Respir Crit Care
Med 2006 May 1;173(9):985-990. [doi: 10.1164/rccm.200508-13440C] [Medline: 16439715]

47. Barker DJ. Thefetal and infant origins of adult disease. Br Med J 1990 Nov 17;301(6761):1111 [FREE Full text] [doi:
10.1136/bmj.301.6761.1111] [Medline: 2252919]

48. Barker DJ, Godfrey KM, Fall C, Osmond C, Winter PD, Shaheen SO. Relation of birth weight and childhood respiratory
infection to adult lung function and death from chronic abstructive airways disease. Br Med J 1991 Sep 21;303(6804):671-675
[FREE Full text] [doi: 10.1136/bmj.303.6804.671] [Medline: 1912913]

49. BurrowsB, Knudson R, Lebowitz MD. Therelationship of childhood respiratory illnessto adult obstructive airway disease.
Am Rev Respir Dis 1977 May;115(5):751-760. [doi: 10.1164/arrd.1977.115.5.751] [Medline: 857715]

50. Burrows B, Lebowitz M, Knudson RJ. Epidemiologic evidence that childhood problems predispose to airways disease in
the adult (an association between adult and pediatric respiratory disorders). Pediatr Res 1977 Mar;11(3 Pt 2):218-220.
[Medline: 846771]

51. Kelly MG, Murphy S, Elborn J. Bronchiectasisin secondary care: a comprehensive profile of a neglected disease. Eur J
Intern Med 2003 Dec;14(8):488-492. [doi: 10.1016/j.€im.2003.10.002] [Medline: 14962701]

52. Pasteur MC, Helliwell SM, Houghton SJ, Webb SC, Foweraker JE, Coulden RA, et al. An investigation into causative
factorsin patients with bronchiectasis. Am J Respir Crit Care Med 2000 Oct;162(4 Pt 1):1277-1284. [doi:
10.1164/ajrccm.162.4.9906120] [Medline: 11029331]

53. NicotraMB, RiveraM, Dale AM, Shepherd R, Carter R. Clinical, pathophysiologic, and microbiologic characterization
of bronchiectasisin an aging cohort. Chest 1995 Oct;108(4):955-961. [doi: 10.1378/chest.108.4.955] [Medline: 7555168]

54. King PT, Holdsworth SR, Freezer NJ, Villanueva E, Holmes PW. Characterisation of the onset and presenting clinical
featuresof adult bronchiectasis. Respir Med 2006 Dec;100(12):2183-2189 [ FREE Full text] [doi: 10.1016/j.rmed.2006.03.012]
[Medline: 16650970]

https://www.researchprotocol s.org/2020/10/€18916 JMIR Res Protoc 2020 | vol. 9 | iss. 10| 18916 | p. 9

(page number not for citation purposes)


http://thorax.bmj.com/cgi/pmidlookup?view=long&pmid=14645976
http://dx.doi.org/10.1136/thorax.58.12.1061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14645976&dopt=Abstract
http://dx.doi.org/10.1002/(sici)1099-0496(199701)23:1<14::aid-ppul2>3.0.co;2-p
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9035194&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=19010990
http://dx.doi.org/10.1183/09031936.00062907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19010990&dopt=Abstract
http://dx.doi.org/10.1164/rccm.200607-1023OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17023728&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa022363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14534334&dopt=Abstract
http://europepmc.org/abstract/MED/17765525
http://dx.doi.org/10.1016/S0140-6736(07)61379-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17765525&dopt=Abstract
http://dx.doi.org/10.1056/NEJM199501193320301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7800004&dopt=Abstract
http://dx.doi.org/10.1164/rccm.200307-891OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14764431&dopt=Abstract
http://dx.doi.org/10.1164/arrd.1979.120.1.5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=464384&dopt=Abstract
http://dx.doi.org/10.1164/rccm.200406-695OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15502115&dopt=Abstract
http://dx.doi.org/10.1164/rccm.200306-800OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14597483&dopt=Abstract
http://europepmc.org/abstract/MED/25733757
http://dx.doi.org/10.1542/peds.2014-3060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25733757&dopt=Abstract
http://dx.doi.org/10.1164/rccm.200508-1344OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16439715&dopt=Abstract
http://europepmc.org/abstract/MED/2252919
http://dx.doi.org/10.1136/bmj.301.6761.1111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2252919&dopt=Abstract
http://europepmc.org/abstract/MED/1912913
http://dx.doi.org/10.1136/bmj.303.6804.671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1912913&dopt=Abstract
http://dx.doi.org/10.1164/arrd.1977.115.5.751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=857715&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=846771&dopt=Abstract
http://dx.doi.org/10.1016/j.ejim.2003.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14962701&dopt=Abstract
http://dx.doi.org/10.1164/ajrccm.162.4.9906120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11029331&dopt=Abstract
http://dx.doi.org/10.1378/chest.108.4.955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7555168&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(06)00152-1
http://dx.doi.org/10.1016/j.rmed.2006.03.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16650970&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Tautolo et al

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Backman K, Piippo-Savolainen E, Ollikainen H, Koskela H, Korppi M. Increased asthma risk and impaired quality of life
after bronchiolitis or pneumoniain infancy. Pediatr Pulmonol 2014 Apr;49(4):318-325. [doi: 10.1002/ppul .22842] [Medline:
23836681]

Silva GE, Sherrill DL, Guerra S, Barbee RA. Asthmaas arisk factor for COPD in alongitudinal study. Chest 2004
Jul;126(1):59-65. [doi: 10.1378/chest.126.1.59] [Medline: 15249443]

Herring MJ, Putney LF, Wyatt G, Finkbeiner WE, Hyde DM. Growth of alveoli during postnatal development in humans
based on stereological estimation. Am JPhysiol Lung Cell Mol Physiol 2014 Aug 15;307(4):L338-L344 [EREE Full text]
[doi: 10.1152/ajplung.00094.2014] [Medline: 24907055]

Butler JP, Loring SH, Patz S, Tsuda A, Yablonskiy DA, Mentzer SJ. Evidence for adult lung growth in humans. N Engl J
Med 2012 Jul 19;367(3):244-247 [FREE Full text] [doi: 10.1056/NEJM 0a1203983] [Medline: 22808959]

Narayanan M, Owers-Bradley J, Beardsmore CS, Mada M, Ball I, Garipov R, et a. Alveolarization continues during
childhood and adolescence: new evidence from helium-3 magnetic resonance. Am J Respir Crit Care Med 2012 Jan
15;185(2):186-191 [FREE Full text] [doi: 10.1164/rccm.201107-13480C] [Medline: 22071328]

Ogbuanu U, Karmaus W, Arshad SH, Kurukulaaratchy RJ, Ewart S. Effect of breastfeeding duration on lung function at
age 10 years: aprospective birth cohort study. Thorax 2009 Jan;64(1):62-66 [ FREE Full text] [doi: 10.1136/thx.2008.101543]
[Medline: 19001004]

Soto-Ramirez N, Alexander M, Karmaus W, Yousefi M, Zhang H, Kurukulaaratchy R, et al. Breastfeeding is associated
with increased lung function at 18 years of age: a cohort study. Eur Respir J 2012 Apr;39(4):985-991 [FREE Full text]
[doi: 10.1183/09031936.00037011] [Medline: 21852333]

Checkley W, West KP, Wise RA, Baldwin MR, Wu L, LeClerq SC, et al. Maternal vitamin A supplementation and lung
functionin offspring. N Engl JIMed 2010 May 13;362(19):1784-1794. [doi: 10.1056/NEJM 0a0907441] [Medline: 20463338]
Zosky GR, Berry LJ, Elliot JG, James AL, Gorman S, Hart PH. Vitamin D deficiency causes deficitsin lung function and
alterslung structure. Am J Respir Crit Care Med 2011 May 15;183(10):1336-1343. [doi: 10.1164/rccm.201010-15960C]
[Medline: 21297070]

LodgeC, Tan D, Lau M, Da X, Tham R, Lowe A, et al. Breastfeeding and asthma and alergies: a systematic review and
meta-analysis. Acta Paediatr 2015 Dec;104(467):38-53. [doi: 10.1111/apa.13132] [Medline: 26192405]

Tujague J, Bastaki M, Holland N, Balmes JR, Tager | B. Antioxidant intake, GSTM 1 polymorphism and pulmonary function
in healthy young adults. Eur Respir J 2006 Feb;27(2):282-288 [FREE Full text] [doi: 10.1183/09031936.06.00033705]
[Medline: 16452581]

Silvers KM, Frampton CM, Wickens K, Pattemore PK, Ingham T, Fishwick D, New Zealand Asthma and Allergy Cohort
Study Group. Breastfeeding protects against current asthmaup to 6 years of age. J Pediatr 2012 Jun;160(6):991-6.€l. [doi:
10.1016/j.jpeds.2011.11.055] [Medline: 22289356]

Duijts L, Jaddoe VW, Hofman A, Moll HA. Prolonged and exclusive breastfeeding reduces the risk of infectious diseases
ininfancy. Pediatrics 2010 Jul;126(1):€18-e25. [doi: 10.1542/peds.2008-3256] [Medline: 20566605]

Roth D, Caulfield LE, Ezzati M, Black RE. Acute lower respiratory infectionsin childhood: opportunities for reducing the
global burden through nutritional interventions. Bull World Health Organ 2008 M ay;86(5):356-364 [ FREE Full text] [doi:
10.2471/blt.07.049114] [Medline: 18545738]

Zar HJ, Ferkol TW. The global burden of respiratory disease-impact on child health. Pediatr Pulmonol 2014
May;49(5):430-434. [doi: 10.1002/ppul.23030] [Medline: 24610581]

Filoche S, Garrett S, Stanley J, Rose S, Robson B, Elley CR, et al. Wahine hauora: linking local hospital and national health
information datasets to explore maternal risk factors and obstetric outcomes of New Zealand Maori and non-Maori women
in relation to infant respiratory admissions and timely immunisations. BMC Pregnancy Childbirth 2013 Jul 10;13:145
[FREE Full text] [doi: 10.1186/1471-2393-13-145] [Medline: 23837612]

Esposito S, Lelii M. Vitamin D and respiratory tract infectionsin childhood. BMC Infect Dis 2015 Oct 28;15:487 [FREE
Full text] [doi: 10.1186/s12879-015-1196-1] [Medline: 26521023]

Monlezun D, Bittner E, Christopher K, Camargo C, Quraishi S. Vitamin D status and acute respiratory infection: cross
sectional results from the United States National Health and Nutrition Examination Survey, 2001-2006. Nutrients 2015
Mar 13;7(3):1933-1944 [FREE Full text] [doi: 10.3390/nu7031933] [Medline: 25781219]

Grant C, Wall C, GibbonsM, Morton S, Santosham M, Black RE. Child nutrition and lower respiratory tract disease burden
in New Zealand: a global context for anational perspective. J Paediatr Child Health 2011 Aug;47(8):497-504. [doi:
10.1111/j.1440-1754.2010.01868.x] [Medline: 21040074]

Grant CC, Kaur S, Waymouth E, Mitchell EA, Scragg R, Ekeroma A, et a. Reduced primary care respiratory infection
visits following pregnancy and infancy vitamin D supplementation: arandomised controlled trial. Acta Paediatr 2015
Apr;104(4):396-404. [doi: 10.1111/apa.12819] [Medline: 25283480]

Telfar B, Zhang J. The impact of respiratory disease in New Zealand. University of Otago. 2019. URL: https:/
/S3-ap-southeast-2.amazonaws.com/assets.asthmaf oundation.org.nz/images/NZ-1mpact-Report-2018 FINAL .pdf [accessed
2019-09-03]

Milne R, Beasley R. Hospital admissions for chronic obstructive pulmonary disease in New Zealand. N Z Med J 2015 Jan
30;128(1408):23-35. [Medline: 25662376]

https://www.researchprotocols.org/2020/10/€18916 JMIR Res Protoc 2020 | vol. 9 | iss. 10 | 18916 | p. 10

(page number not for citation purposes)


http://dx.doi.org/10.1002/ppul.22842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23836681&dopt=Abstract
http://dx.doi.org/10.1378/chest.126.1.59
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15249443&dopt=Abstract
https://journals.physiology.org/doi/10.1152/ajplung.00094.2014?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1152/ajplung.00094.2014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24907055&dopt=Abstract
http://europepmc.org/abstract/MED/22808959
http://dx.doi.org/10.1056/NEJMoa1203983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22808959&dopt=Abstract
http://europepmc.org/abstract/MED/22071328
http://dx.doi.org/10.1164/rccm.201107-1348OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22071328&dopt=Abstract
http://europepmc.org/abstract/MED/19001004
http://dx.doi.org/10.1136/thx.2008.101543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19001004&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=21852333
http://dx.doi.org/10.1183/09031936.00037011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21852333&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa0907441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20463338&dopt=Abstract
http://dx.doi.org/10.1164/rccm.201010-1596OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21297070&dopt=Abstract
http://dx.doi.org/10.1111/apa.13132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26192405&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=16452581
http://dx.doi.org/10.1183/09031936.06.00033705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16452581&dopt=Abstract
http://dx.doi.org/10.1016/j.jpeds.2011.11.055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22289356&dopt=Abstract
http://dx.doi.org/10.1542/peds.2008-3256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20566605&dopt=Abstract
http://europepmc.org/abstract/MED/18545738
http://dx.doi.org/10.2471/blt.07.049114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18545738&dopt=Abstract
http://dx.doi.org/10.1002/ppul.23030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24610581&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/1471-2393-13-145
http://dx.doi.org/10.1186/1471-2393-13-145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23837612&dopt=Abstract
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-015-1196-1
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-015-1196-1
http://dx.doi.org/10.1186/s12879-015-1196-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26521023&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu7031933
http://dx.doi.org/10.3390/nu7031933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25781219&dopt=Abstract
http://dx.doi.org/10.1111/j.1440-1754.2010.01868.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21040074&dopt=Abstract
http://dx.doi.org/10.1111/apa.12819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25283480&dopt=Abstract
https://s3-ap-southeast-2.amazonaws.com/assets.asthmafoundation.org.nz/images/NZ-Impact-Report-2018_FINAL.pdf
https://s3-ap-southeast-2.amazonaws.com/assets.asthmafoundation.org.nz/images/NZ-Impact-Report-2018_FINAL.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25662376&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Tautolo et al

77.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Gurram N, Martin G. Disparitiesin Age of Smoking Initiation and Transition to Daily Smoking in New Zealand. Wellington,
USA: Health Promotion Agency; 2019.

Paterson J, Schiuter P, Percival T, Carter S. Immunisation of a cohort Pacific children living in New Zealand over the first
2 years of life. Vaccine 2006 May 29;24(22):4883-4889. [doi: 10.1016/j.vaccine.2006.02.050] [Medline: 16644070]
Schluter PJ, Durward C, Cartwright S, Paterson J. Maternal self-report of oral health in 4-year-old Pacific children from
South Auckland, New Zealand: findings from the Pacific | slands Families Study. J Public Health Dent 2007;67(2):69-77.
[doi: 10.1111/j.1752-7325.2007.00014.X] [Medline: 17557676]

Tautolo E, lusitini L, Taylor S, Paterson J. Will New Zealand be smokefree by 2025? Smoking preval ence amongst a cohort
of Pacific adults. N Z Med J 2014 May 02;127(1393):99-106. [Medline: 24816960]

Tautolo E, Schluter P, Taylor S. Prevalence and concordance of smoking among mothers and fathers within the Pacific
Islands Families Study. Pac Health Dialog 2011 Sep;17(2):136-146. [Medline: 22675810]

Paterson J, Percival T, Schluter P, Sundborn G, Abbott M, Carter S, et al. Cohort profile: the pacific islands families (PIF)
study. Int J Epidemiol 2008 Apr;37(2):273-279. [doi: 10.1093/ije/dym171] [Medline: 17846053]

Rush E, Oliver M, Plank LD, Taylor S, lusitini L, Jalili-Moghaddam S, et al. Cohort profile: pacific islands families (PIF)
growth study, Auckland, New Zealand. BMJ Open 2016 Nov 2;6(11):e013407 [FREE Full text] [doi:
10.1136/bmjopen-2016-013407] [Medline: 27807091]

Friedman M, Hwang M S. Brodsky and Friedman scales and clinical tonsil size grading in children. JAMA Otolaryngol
Head Neck Surg 2015 Oct;141(10):947-948. [doi: 10.1001/jamaoto.2015.2056] [Medline; 26402214)

Mallampati SR, Gatt SP, Gugino LD, Desai SP, Waraksa B, Freiberger D, et al. A clinical sign to predict difficult tracheal
intubation: a prospective study. Can Anaesth Soc J1985 Jul;32(4):429-434. [doi: 10.1007/BF03011357] [Medline: 4027773]
Ramachandran SK, Kheterpal S, Consens F, Shanks A, Doherty TM, MorrisM, et a. Derivation and validation of asimple
perioperative sleep apnea prediction score. Anesth Analg 2010 Apr 1;110(4):1007-1015. [doi:
10.1213/ANE.O0b013e3181d489b0] [Medline: 20357144]

Portenoy R, Thaler H, Kornblith A, Lepore JM, Friedlander-Klar H, Kiyasu E, et a. The memorial symptom assessment
scale: an instrument for the evaluation of symptom prevalence, characteristics and distress. Eur J Cancer
1994;30A(9):1326-1336. [doi: 10.1016/0959-8049(94)90182-1] [Medline: 7999421]

Calverley P, Pauwels Dagger R, Lofdahl CG, Svensson K, Higenbottam T, Carlsson L, et a. Relationship between respiratory
symptoms and medical treatment in exacerbations of COPD. Eur Respir J 2005 Sep;26(3):406-413 [FREE Full text] [doi:
10.1183/09031936.05.00143404] [Medline: 16135720]

Mahler DA, Wells CK. Evaluation of clinical methods for rating dyspnea. Chest 1988 Mar;93(3):580-586. [doi:
10.1378/chest.93.3.580] [Medline: 3342669]

Pabregja K, Gibson P, Lochrin AJ, Wood L, Baines KJ, Simpson JL. Sputum colour can identify patients with neutrophilic
inflammation in asthma. BMJ Open Respir Res 2017;4(1):e000236 [FREE Full text] [doi: 10.1136/bmjresp-2017-000236]
[Medline: 29071085]

Hankinson JL, Gardner RM. Standardization of spirometry. Am Rev Respir Dis 1988 Feb;137(2):493-495. [doi:
10.1164/ajrccm/137.2.493c] [Medline: 3341641]

Brazzale D, Hall G, Swanney MP. Reference values for spirometry and their usein test interpretation: a position statement
from the Australian and New Zealand society of respiratory science. Respirology 2016 Oct;21(7):1201-1209. [doi:
10.1111/resp.12855] [Medline: 27457870]

Cleveland RH, Stamoulis C, Sawicki G, Kelliher E, Zucker EJ, Wood C, et al. Brasfield and Wisconsin scoring systems
have equal value as outcome assessment tools of cystic fibrosislung disease. Pediatr Radiol 2014 May;44(5):529-534. [doi:
10.1007/s00247-013-2848-1] [Medline: 24370794]

Cole TJ, Flegal KM, Nicholls D, Jackson AA. Body mass index cut offs to define thinness in children and adolescents:
international survey. Br Med J2007 Jul 28;335(7612):194 [ FREE Full text] [doi: 10.1136/bmj.39238.399444.55] [Medline:
17591624]

Jones PW, Quirk FH, Baveystock CM, LittlejohnsP. A self-complete measure of health statusfor chronic airflow limitation.
The St George'srespiratory questionnaire. Am Rev Respir Dis 1992 Jun;145(6):1321-1327. [doi: 10.1164/ajrccm/145.6.1321]
[Medline: 1595997]

Jones P, Quirk F, Baveystock C. The St George's Respiratory Questionnaire. Respir Med 1991 Sep;85 Suppl B:25-31;
discussion 33. [doi: 10.1016/50954-6111(06)80166-6] [Medline: 1759018]

EuroQol Group. EuroQol--a new facility for the measurement of health-related quality of life. Health Policy 1990
Dec;16(3):199-208. [doi: 10.1016/0168-8510(90)90421-9] [Medline: 10109801]

Johns M. The Assessment of Sleepinessin Children and Adolescents. Epworth Sleepiness Scale (ESS). 2015. URL: http:/
[epworths eepinessscal e.com/wp-content/upl 0ads/2016/06/A SA -5l eepiness-2015.pdf [accessed 2019-09-03]

Janssen KC, Phillipson S, O'Connor J, Johns MW. Validation of the epworth sleepiness scale for children and adolescents
using Rasch analysis. Sleep Med 2017 May;33:30-35. [doi: 10.1016/j.sleep.2017.01.014] [Medline: 28449902]

Birring S, Prudon B, Carr A, Singh S, Morgan M, Pavord ID. Development of a symptom specific health status measure
for patients with chronic cough: Leicester Cough Questionnaire (LCQ). Thorax 2003 Apr;58(4):339-343 [FREE Full text]
[doi: 10.1136/thorax.58.4.339] [Medline: 12668799]

https://www.researchprotocols.org/2020/10/€18916 JMIR Res Protoc 2020 | vol. 9 | iss. 10 | €18916 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.vaccine.2006.02.050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16644070&dopt=Abstract
http://dx.doi.org/10.1111/j.1752-7325.2007.00014.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17557676&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24816960&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22675810&dopt=Abstract
http://dx.doi.org/10.1093/ije/dym171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17846053&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=27807091
http://dx.doi.org/10.1136/bmjopen-2016-013407
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27807091&dopt=Abstract
http://dx.doi.org/10.1001/jamaoto.2015.2056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26402214&dopt=Abstract
http://dx.doi.org/10.1007/BF03011357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4027773&dopt=Abstract
http://dx.doi.org/10.1213/ANE.0b013e3181d489b0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20357144&dopt=Abstract
http://dx.doi.org/10.1016/0959-8049(94)90182-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7999421&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=16135720
http://dx.doi.org/10.1183/09031936.05.00143404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16135720&dopt=Abstract
http://dx.doi.org/10.1378/chest.93.3.580
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3342669&dopt=Abstract
https://bmjopenrespres.bmj.com/cgi/pmidlookup?view=long&pmid=29071085
http://dx.doi.org/10.1136/bmjresp-2017-000236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29071085&dopt=Abstract
http://dx.doi.org/10.1164/ajrccm/137.2.493c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3341641&dopt=Abstract
http://dx.doi.org/10.1111/resp.12855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27457870&dopt=Abstract
http://dx.doi.org/10.1007/s00247-013-2848-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24370794&dopt=Abstract
http://europepmc.org/abstract/MED/17591624
http://dx.doi.org/10.1136/bmj.39238.399444.55
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17591624&dopt=Abstract
http://dx.doi.org/10.1164/ajrccm/145.6.1321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1595997&dopt=Abstract
http://dx.doi.org/10.1016/s0954-6111(06)80166-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1759018&dopt=Abstract
http://dx.doi.org/10.1016/0168-8510(90)90421-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10109801&dopt=Abstract
http://epworthsleepinessscale.com/wp-content/uploads/2016/06/ASA-sleepiness-2015.pdf
http://epworthsleepinessscale.com/wp-content/uploads/2016/06/ASA-sleepiness-2015.pdf
http://dx.doi.org/10.1016/j.sleep.2017.01.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28449902&dopt=Abstract
http://thorax.bmj.com/cgi/pmidlookup?view=long&pmid=12668799
http://dx.doi.org/10.1136/thorax.58.4.339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12668799&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Tautolo et al

101. LiK. Slicedinverseregression for dimension reduction. JAm Stat Assoc 1991 Jun;86(414):316-327 [FREE Full text] [doi:
10.1080/01621459.1991.10475035]

102. Jiang C, Yu W, Wang J. Inverse regression for longitudinal data. Ann Statist 2014 Apr;42(2):563-591 [FREE Full text]
[doi: 10.1214/13-a0s1193]

103. Pfeiffer RM, Forzani L, BuraE. Sufficient dimension reduction for longitudinally measured predictors. Stat Med 2012 Sep
28;31(22):2414-2427 [FREE Full text] [doi: 10.1002/sim.4437] [Medline: 22161635]

104. Wen X, Cook RD. Optimal sufficient dimension reduction in regressions with categorical predictors. J Stat Plan Infer 2007
Jun;137(6):1961-1978 [FREE Full text] [doi: 10.1016/j.jspi.2006.05.008]

105. RobinsJM, Mark SD, Newey WK. Estimating exposure effects by modelling the expectation of exposure conditional on
confounders. Biometrics 1992 Jun;48(2):479-495. [Medline: 1637973]

106. Austin PC. Anintroduction to propensity score methods for reducing the effects of confounding in observational studies.
Multivariate Behav Res 2011 May;46(3):399-424 [FREE Full text] [doi: 10.1080/00273171.2011.568786] [Medline:
21818162]

107. Hernan MA, Hernadndez-Diaz S, Robins JM. A structural approach to selection bias. Epidemiology 2004 Sep;15(5):615-625.
[doi: 10.1097/01.ede.0000135174.63482.43] [Medline: 15308962]

108. Steenland K, Armstrong B. An overview of methods for calculating the burden of disease due to specific risk factors.
Epidemiology 2006 Sep;17(5):512-519. [doi: 10.1097/01.ede.0000229155.05644.43] [Medline: 16804473]

109. Greenland S. Variance estimatorsfor attributabl e fraction estimates consistent in both large strata and sparse data. Stat Med
1987 Sep;6(6):701-708. [doi: 10.1002/sim.4780060607] [Medline: 2825320]

110. StasinopoulosDM, Rigby RA. Generalized additive modelsfor location scale and shape (gamlss) in R. J Stat Soft 2007;23(7):-
[FREE Full text] [doi: 10.18637/jss.v023.i07]

111. Rothman K, Greenland S. Lash TL: Modern Epidemiology. Third Edition. Sydney, Australia: Lippincott Williams &
Wilkins; 2008.

Abbreviations

COPD: chronic obstructive pulmonary disorder
ESS-CHAD: Epworth Sleepiness Scale for Children and Adolescents
FEV1: forced expiratory volumein 1 second
FVC: forced vita capacity

IPW: inverse probability weighting

LCQ: Leicester Cough Questionnaire

PAR: population attribute and avoidable risks
PIF: Pacific Islands Families

REDCap: research electronic data capture
SGRQ: St. George's Respiratory Questionnaire
SIR: dliced inverse regression
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