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Abstract

Background: Significant health inequities exist around maternal and infant health for Māori, the indigenous people of
Aotearoa New Zealand – and in particular around a premature (preterm) delivery. Māori babies are more likely to be
born preterm (8.1%, compared to an overall rate of 7.4%) and they are more likely to have a preterm death. An
essential part of redressing these disparities is to examine the clinical care pathway and outcomes associated with
preterm deliveries. This paper describes a protocol utilising national and local health collections to enable such a study.

Design: This is a retrospective cohort study comprising 5 years data pertaining to preterm deliveries from 2010 to
2014. These data are generated from linked national administrative and local health information collections to explore
a range of neonatal outcomes and infant mortality in relation to the antenatal care pathway and known risk factors for
preterm delivery. This study is being conducted within a Kaupapa Māori paradigm that dismisses victim blaming and
seeks to intervene at structural levels to improve the health and wellbeing of Māori whānau (family).

Significance of the study: Our data-linkage methodology optimises the utility of New Zealand health collections to
address a significant health issue. Our findings will fill the information gaps around the burden of preterm delivery by
quantifying the incidence of preterm delivery and adverse neonatal and infant outcomes in Aotearoa New Zealand. It
will explore access to evidenced based care including use of steroids before birth, and appropriate place of delivery.
The results from this study will inform maternity care services to improve management of preterm deliveries – both
locally and internationally. This in turn will improve the preterm sequela by reducing the long-term health burden and
health inequities.

Keywords: Indigenous health, Preterm delivery, Data linking, Equity, Clinical care pathway, Kaupapa Māori, Maternity
care services, Health disparities

Background
Premature deliveries (preterm) represent a global health
burden [1] for which there are significant disparities by
ethnicity [2, 3]. In Aotearoa New Zealand such health
inequities exist between Māori, the indigenous people of
Aotearoa New Zealand, and Pākehā (New Zealand
European) [4–7].
This paper describes the protocol for a retrospective

cohort study that links local hospital, community

laboratories and national health information datasets to
explore the preterm delivery clinical care pathway, delivery
and neonatal outcomes and infant mortality (≤ 1 yr. of
age) of Māori and Pākehā (New Zealand European)
women and their babies. Building on an approach we have
previously described, [8, 9] we have further developed this
methodology to enable an in-depth exploration of key ele-
ments of antenatal care such as the administration of cor-
ticosteroids in relation to neonatal and infant outcomes.

Preterm deliveries in Aotearoa New Zealand
A premature delivery (preterm) can potentially result in
adverse outcomes such as death, brain haemorrhage,
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infection, chronic lung disease and long-term growth
impairment and harm40 including cerebral palsy,
cognitive, visual and learning impairments [10–14].
Māori whānau (families) suffer a greater burden of this
preterm harm and death than Pākehā. We have known
of these disparities since Mantel’s early work in the
1990s, with his findings repeatedly confirmed by others
including Robson [7], Craig [15] and the Perinatal and
Maternal Mortality Review Committee (PMMRC) [4].
Māori babies are most likely to be born preterm (8.1%,
compared to an overall rate of 7.4%) and they are more
likely to have a preterm death [4]. There are
approximately 1200 Māori preterm births annually.
Preterm is the second commonest cause of peri-natal
death in Aotearoa accounting for 20% of deaths [4]. Māori
have over twice the rate of preterm death compared to Pā-
kehā (359 Māori babies died from 2007 to 2013 compared
to 319 Pākehā) [4]. An essential part of redressing these
disparities is to examine the clinical care pathway associ-
ated with preterm deliveries. This paper describes a proto-
col utilising local and national administrative health
collections to enable such a study.

Design
This is a retrospective cohort study comprising 5 years
data pertaining to preterm deliveries from 2010 to 2014.
These data are generated from linked national adminis-
trative and local health information collections to ex-
plore a range of neonatal outcomes and infant mortality
in relation to the antenatal care pathway and known risk
factors for preterm delivery such as the lack of antenatal
corticosteroids prior to delivery or delivery at the appro-
priate care centre [16, 17].
This study is being conducted within a Kaupapa Māori

paradigm that dismisses victim blaming and seeks to
intervene at structural levels to improve the health and
wellbeing of Māori whānau. It seeks to identify where
resources may be best allocated to improve Māori health
and wellbeing. Kaupapa Māori Research is about ensur-
ing good health outcomes for Māori and frames our
approach [18–20].

Outcome measures
Primary outcomes

1. To compare for Māori and Pākehā the proportion
for infants born preterm having at least one of the
following outcomes:

� Death, up to 1 year post birth
� Brain injury (defined as periventricular and/or

cerebellum haemorrhage and/or Periventricular
Leucomalacia (PVL))

� Chronic lung disease of infancy (Bronchopulmonary
BPD subtype)

� Oxygen and/or tube feeding on discharge
� Length of stay (LOS) (until first discharge home) at

hospital > 4 months

2. To compare for Māori and Pākehā the national rate
of infants born preterm with at least one of the
following outcomes: death, small for gestational age
and chronic lung disease of infancy.

Secondary outcomes
To compare for Māori and Pākehā women the propor-
tion of:

1. Women delivering preterm who receive full-course
antenatal corticosteroid administration

2. The percentage of infants born preterm
3. Preterm infants not born at an appropriate level

hospital (such as a tertiary hospital).
4. Preterm infants with retinopathy of prematurity and

or deafness
5. Women who have a preterm delivery who receive

appropriate antenatal screening

Study population
The study population includes pregnant women and their
preterm babies born between 2010 and 2014 in Aotearoa
New Zealand. For Primary Outcome 1, the study popula-
tion includes pregnant women and their preterm infants
born in 5 different district health board (DHBs) regions.

Inclusion criteria
All infants born to women between 240 and 366

completed week’s gestation between January 1st 2010
and 31st December 2014.

Exclusion criteria
Women not domiciled in the respective DHBs at the time
of delivery (Primary Outcome 1 only). Infants less than
24 and greater than 36 weeks gestation will be excluded.

Data sources
National health and clinical information collections in
Aotearoa New Zealand
The data for our study is sourced from routine health
information collections at both national and local levels
(Table 1). In Aotearoa New Zealand, the Ministry of
Health is responsible for the oversight and funding of
New Zealand’s 20 DHBs. Select clinical information is
reported by DHBs to the Ministry of Health, and is col-
lated into national datasets with operational responsibil-
ity by the Client Insights and Analytics group. Among
the wide range of health related registries and datasets
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held in New Zealand are: National Minimum Data Set
(NMDS, covering hospital discharges), Mortality Collec-
tion, and National Maternity Collection (MAT) [21].
In addition, there is an Australia New Zealand Neonatal

Network (ANZNN) collection which is a collaboration of
every neonatal intensive care unit in the two countries,
established in 1994 [22]. The inclusion criteria for registra-
tion in this dataset are babies admitted to a neonatal unit
who meet one or more of the following:

� born at less than 32 weeks gestation, or
� weighed less than 1500 g at birth, or
� received assisted ventilation (mechanical ventilation)

including intermittent positive pressure ventilation
(IPPV) or continuous positive airways pressure
(CPAP) or high flow nasal cannulae for four or more
consecutive hours, or died while receiving
mechanical ventilation prior to 4 hours of age, or

� received major surgery (surgery that involved
opening a body cavity), or

� received therapeutic hypothermia

Local health and clinical information collections in
Aotearoa New Zealand
Clinical information that is not reported to the Ministry
of Health (so does not appear in these national collec-
tions) is held locally within independent information sys-
tems maintained within each DHB: for example the
Perinatal Information Management System (PIMS),
which collects information on perinatal events (Table 1).
In Aotearoa community laboratories offer a range of

services; taken as indicator/proxy of receiving appropri-
ate antenatal care (as these tests are usually carried out
when the woman registers with her maternity care

provider and during pregnancy) and relevant to this
study include antenatal blood tests such as blood count
and gestational diabetes screening.

Data collection and matching
The variables retrieved from each collection (as described
in the associated data dictionaries) were discussed in con-
sultation with the research team and were informed by
the Client Insights and Analytics group who were able to
provide information pertaining to the quality of data (e.g.
missing data). Risk factor variables (confounders for ana-
lysis) for preterm delivery were also discussed in-line with
available data and where possible were collected (e.g. ma-
ternal smoking status) or constructed (e.g. inter-timing
pregnancy and previous preterm delivery).
For Primary Outcome 2, two datasets, pregnancy in-

formation and fetal-neonatal outcome information, are
joined using the unique pregnancy identifier as outlined
in Fig. 1 (and cross referenced with hospitalisation dis-
charge information as a quality checking step). The
pregnancy identifier is unique for each pregnancy event,
and enables clear delineation of each pregnancy and
fetal-neonatal outcome information. For example, if a
pregnancy is multiparous e.g. twin, in the pregnancy
dataset the identifier would appear once and twice in the
fetal-neonatal outcome dataset. Using a combination of
linking approaches with infant and maternal NHI num-
bers, the pregnancy and fetal-neonatal outcome dataset
are linked to the hospitalisation discharge information
(which contains ICD-10 codes) and mortality collection.
Based on domicile status from the combined

pregnancy-fetal-neonatal dataset we have identified rele-
vant pregnancies for Primary Outcome 1 (Fig. 1). Using
maternal NHIs the community laboratory and hospital
data are arranged so that each line in the dataset

Table 1 Local and national data sources and examples of variables collected

Dataset Type of information Examples of variables extracted

National health index Sociodemographic NHI number, area deprivation, ethnicity

Mortality collection Mortality Ethnicity, date of death, gestational age at termination of pregnancy, birth-weight,
diagnostic codes on cause of death, sudden and unexpected death indicator

National maternity
collection

Pregnancy and
delivery information

Maternal ethnicity, maternal height and weight at time of booking with a maternity care
provider, maternal smoking status at time of booking with maternity care provider,
plurality, parity, mode of delivery, Apgar at 5 min, birth weight, gestational age at delivery

National minimum
dataset

Hospital events Ethnicity, maternal and/or infant hospital admissions (public) and discharge dates,
length of stay, diagnostic (ICD-10) codes

Australia New Zealand
Neonatal network

Neonatal intensive care Ethnicity, corticosteroid administration before delivery, length of stay, neonatal surgery,
corrected gestational age on discharge, oxygen on discharge, enteral tube feeding on
discharge (e.g. nasogastric tube)

Local hospital
(DHB specific)

Pregnancy and delivery events Maternal and paternal ethnicity, obstetric history, plurality, parity, date of admission,
date of delivery

Community laboratory Screening and diagnostics Antenatal booking screening (e.g. blood count), gestational diabetes screening,
sexually transmitted infection (note: only if screened and not results)
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represents pregnancy information with fetal-neonatal out-
come and also antenatal care-pathway elements of interest
for that pregnancy. For example, whether the mother re-
ceived gestational diabetes screening (which comprises a
constructed variable flagged as yes or no; and is calculated
based on whether screening occurred at the appropriate
time according to guidelines at the time and at any time
during pregnancy). In order to capture the antenatal
screening data for deliveries in 2010, data from commu-
nity laboratories were extracted from 2009.
Each collection is systematically explored for missing

variables, and “cleaned” to remove any duplicate entries
before any dataset linking or any variables are con-
structed e.g. number of repeat pregnancies and inter-
timing pregnancy.
No personally identifiable data (i.e. names, addresses)

have been or will be extracted from any of the data
sources.

Statistical analysis
In Aotearoa New Zealand there are approximately
60,000 live births per annum which for 5 years data
would equate to 300, 000 delivery events. Based on a na-
tional average of preterm deliveries of 7.5% [4] our esti-
mated population will comprise approximately 21, 000
preterm delivery events.
Sample size estimates are presented for Primary

Outcome 1. To estimate the number of Māori and
Pākehā babies born preterm per year between 2010 and
2014 we used annual maternity data on births for each
of the 5 DHBs, and based the proportion of births that
were preterm for Māori and Pākehā on a tertiary level
DHB (approximately 11.7%, 65 /559 cases of preterm
birth per annum for Māori and 8.1%, 270/3344 for Pā-
kehā mothers). Using these assumptions, there are ap-
proximately 654 Maori preterm births and 1236 Pākehā
preterm births per year across the 5 DHBs. Working

Fig. 1 Overview of study protocol outlining the main data collation steps and exclusion criteria for each Primary OutcomeAN1
(Antenatal booking).NICU (Neonatal Intensive Care Unit)
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from a baseline assumption that the preterm infants of
Pākehā women will have an 8% rate of poor outcomes
(ANZNN overall rate for chronic lung disease in infants at
36 weeks) [23, 24] with 1 year’s worth of data, this study
will have 80% power (using an alpha of 0.05) to detect a
significantly enhanced risk if poor outcomes are 11.7% or
higher among Māori infants. If 2 years’ worth of data is
used (1308 Māori preterm births and 2470 Pākehā pre-
term births), the study will have 80% power (using an
alpha of 0.05) to detect a significantly higher risk if poor
outcomes are 10.5% or higher in Māori infants.
For Primary Outcome 1 multivariable Poisson regres-

sion models will compare the rates of poor outcomes be-
tween preterm infants of Māori and Pākehā mothers, after
adjusting for potential personal and care-related con-
founders [25–27] e.g. maternal age, rapid repeat pregnan-
cies, antenatal screening, parity, socioeconomic status and
smoking, and to account for the degree to which ethnic
disparities in infant health outcomes are mediated by
these factors. Descriptions of rates, rate ratios and respect-
ive 95% confidence intervals will be reported.

Discussion
This is a multi-disciplinary collaborative study that aims
to bring about positive changes in antenatal care for
women at risk of having preterm delivery, and conse-
quently for their infants.
Our data-linkage methodology optimises the utility of

New Zealand health collections to address a significant
health issue [1, 28, 29]. Our findings will fill the informa-
tion gaps around the burden of preterm delivery by
quantifying incidence of preterm delivery and adverse
neonatal and infant outcomes in Aotearoa New Zealand
[30]. It will explore access to evidence based care includ-
ing use of steroids before birth, and appropriate place of
delivery. The results from this study will inform mater-
nity care services, both nationally and internationally.
This study aligns with the New Zealand government
goals to deliver quality health services, improve system
performance, and reduce disparities in health. A
complimentary qualitative study exploring the experi-
ences of Māori whānau whose newborn has been admit-
ted to neonatal intensive care because of a preterm
delivery is also being carried out alongside this investiga-
tion (He Tamariki Kokoti Tau-Addressing Preterm).
The described study utilises both local and national

level data collections and through a process of linking by
unique identifiers is able to quantitatively explore and
analyse the preterm care pathway and its outcomes. We
are informed both by clinical expertise in the area of ob-
stetrics and neonatalogy – both from the research team
and local investigators. We are also informed by our kau-
mātua (Māori elders). The analysis for this study is still
underway. It is expected that this in-depth investigation

from a mother to infant perspective will provide a greater
understanding of the clinical care pathway in preterm de-
liveries, which will inform local national health care policy
and procedures around such maternities. As such mater-
nity care providers will be able to identify high risk pa-
tients, intervene earlier and provide more appropriate
management. This will in turn reduce the health burden
of being “born too soon” [29] and also redress the health
inequity associated with preterm deliveries, both within
Aotearoa New Zealand and globally.
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