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Appendices
Appendix 1: Background to Integrated Data 
Infrastructure datasets.

The following tables were used for this method-
ological approach:

• The Maternity Collection (MAT): This
dataset, compiled from various sources, is
held by the Ministry of Health (MoH) and
includes all births in New Zealand from
20 weeks’ gestation. MAT consists of two
separate tables, one including data on all
birth events (“MAT delivery”) and the other
including data on the individual infants
(“MAT infant”). Despite inconsistencies in
metadata, we understand MAT integrates
information from three sources: 1) data
collection by maternity care providers,
including Lead Maternity Carers (LMCs;
midwives, general practitioners (GPs) or
obstetric specialists), reported to the MoH
for funding purposes, and hospital providers
of primary maternity care; 2) public and
private hospital discharge coded data with
health event information, sourced from
the National Minimum Dataset (NMDS);
and 3) demographic information from
the National Health Index (NHI) dataset.
Each live born infant is assigned a unique
NHI number and is included in the NMDS
and both MAT datasets. Since 1 July 2008,
registration of maternal NHI has been
mandatory for all births in NMDS, enabling
mother and infant records to be linked.
Stillborn infants, however, are not officially
admitted to hospital and thus no individual
discharge event is reported to the NMDS.
Consequently, stillbirths are excluded from
the MAT infants table, but included in
the MAT delivery table through maternal
discharge record data. It should be noted
that stillbirths were not always included
in the MAT dataset, although consistent
assignment of NHI numbers for stillbirths is
evident by 2009. MAT provides demographic
and clinical information on women and
infants for the duration of pregnancy
until three months post-partum. It is used
for annual national reporting of clinical
indicators, evaluation of provided maternity
services and can be requested for research
purposes. Within the MAT delivery table
in the Integrated Data Infrastructure (IDI),

each birth is registered as a single entry 
and provided with a specific pregnancy-key 
(i.e., with a shared key for twins or higher 
order multiple pregnancies). Each individual 
mother also has a unique ID, allowing for 
identification of sequential pregnancies to 
the same mother. 

• Births, Deaths and Marriages (BDM):
This dataset is held by the Department
of Internal Affairs (DIA). BDM consists of
three separate tables; “births”, “deaths”
and “marriages’” of which the first two
were used in this report. Infant and parent
data on all deliveries in New Zealand are
registered in the births table. Parents and
LMCs are mutually responsible for providing
information on the birth event to BDM.
The LMC (or the public hospital in case of
a hospital birth) is expected to provide an
online birth notice within five working days,
including information on infant birthweight
and gestational age. Parents supply data on
infant sex, birth status (i.e., live or stillborn),
plurality (i.e., a singleton or multiple birth),
location of birth, parental demographics,
occupation, ethnicity and relationship
status through a birth registration form.
This is generally done online within two
months after birth. Birth registration is only
completed when both parties have provided
this notification, with a few exceptions (i.e.,
where one parent is unknown, deceased,
or missing; unable to complete the form
because of a mental or medical condition;
overseas with no delivery address or
contact details; or a danger to the mother or
child). In the case of a stillbirth ≥20 weeks’
gestation or ≥400 grams in birthweight,
the birth is registered with an indication
that the infant was stillborn, in accordance
with the Births, Deaths, Marriages, and
Relationships Registration Act 1995. The
deaths table registers all deaths in New
Zealand, excluding stillbirths. Thus, only
neonatal deaths (i.e., death of a live born
infant under the 28th day of life) are noted
here. The person handling the disposal of
the body is responsible for notifying BDM of
the death, by a death registration form.

• National Minimum Dataset (NMDS): This
dataset is held by the MoH and includes
public and private hospital discharge data
(as two separate tables) for inpatients and
day-patients admitted for three hours or
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more, all birth events and all admission 
where a procedure was performed. 
Information is provided by hospitals in 
an agreed (electronic) file format and 
is used for both statistical and funding 
purposes. Clinical coded data follows the 
Australian modification of the International 
Classification of Diseases (ICD-AM), which 
is updated over time. Mapping between 
subsequent ICD-AM editions can be 
done within the IDI. All hospital births 
are regarded as admission events and 
will therefore have been recorded. All 
complications of that pregnancy should be 
included in this coding.

• The Mortality Collection (MORT): This
dataset is held by the MoH. It is a collection
of data, recording cause of death by ICD-AM
on all mortalities in New Zealand and used
for annual reporting of vital statistics. MORT
integrates information from (among other
sources) BDM, NMDS, certificates by funeral
directors and coroners’ reports. A subset of
MORT includes all fetal and infant deaths
sourced from BDM and medical certificates
or post-mortem reports.

• The Chronic Conditions dataset (CC): This
dataset is held by the MoH, as a subset of
data from several sources, for all residents
in contact with the healthcare system
during at least two quarters of that year.
Individuals with one or more out of eight
chronic conditions or significant health
events are recorded here: acute myocardial
infarction, cancer, coronary heart disease,
chronic obstructive pulmonary disease,
diabetes, gout, stroke and traumatic brain
injury. The table also tracks the first and last
incidence dates for the condition registered.
In maternity research, this dataset can be
used to identify mothers with pre-existing
diabetes. Note that gestational diabetes
is not recorded in this table. This dataset
was supplied as a one-off by the MoH. A
limitation to this dataset is that currently
no updates are planned by Statistics NZ,
with the latest incidence dates reported 31
December 2017. Studies including births
after 2018 should be cautious of using this
data source.

• Census: The Census of Population and
Dwellings is a survey on all people living
in New Zealand at a defined point in time.
The last Census was completed in 2018

and is usually carried out once every five 
years, as set out in The Statistics Act 1975. 
Each individual is required to answer 
questions on personal affairs such as 
country of birth and religion, and socio-
demographic variables such as housing and 
income. The Census is used for population 
counts, research purposes and planning 
by government and city councils. The IDI 
currently holds data from the 2013 and 2018 
Census.

• Immigration data: This dataset is held
by the Department of Labour, within the
Ministry of Business, Innovation and
Employment. It provides information
on an individual’s border movements,
country of birth and visa type, sourced from
immigration visa application forms and
electronic passenger movement records.
With increasing global migration this data
may be useful to identify mothers born
outside New Zealand.

Besides administrative datasets and surveys, 
the IDI provides some “general” or “central” 
tables. The following general tables were used for 
this methodological approach:

• Full birth date, and full death date tables:
This data is available for all individuals in
the IDI, sourced from the MoH. Generally,
only a person’s birth/death “month”
and birth/death “year” are provided to
researchers for privacy reasons. For a full
date of birth/death (in the format dd/mm/
yyyy), this table needs to be requested from
Statistics NZ.

• Address notification table: This table
holds data on address notifications of
all individuals in the IDI. In addition, it
identifies when a change in postal address
occurred. Naturally, this depends on an
individual updating address information.
Geographical unit codes such as meshblocks
(the smallest reported geographical units,
representing on average 30 to 60 dwellings,
with an average population of 100 people
per unit) can be identified and used for
other purposes, for example, area-based
measures of socio-economic status.

The “gold standard”
In New Zealand, details of the deaths of still-

born fetuses and infants (all perinatal related 
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mortalities from 20 weeks gestation up to the 
28th day after birth) are collected by the Perina-
tal and Maternal Mortality Review Committee 
(PMMRC) using a standardised reporting tool. The 
PMMRC publishes annual reports on mortality. 
In addition, the Otago Data Group, contracted to 
the PMMRC, creates a total perinatal dataset by 

merging PMMRC Data with MAT. This data collec-
tion is only available for specific perinatal-related 
research after formal application to the PMMRC 
and is not offered within the IDI. Due to the supe-
rior quality of these data, PMMRC annual report 
data were used as the gold standard to validate 
the tables created in this report. 

Appendix 2: Creating the core dataset.

The following steps describe the method used, 
to create a “core” dataset for maternity research in 
the Integrated Data Infrastructure (IDI). A numer-
ator table (including all perinatal deaths) and a 
denominator table (including all births) were cre-
ated separately. Note that the final tables are not 
available for other users in the IDI. Users must 
run the code with the appropriate IDI refresh and 
adopt the code to each specific research project.

Step one: stillbirths
Statistics New Zealand (NZ) metadata recom-

mends that stillbirths should not be identified 
from the Maternity Collection (MAT) or Births, 
Deaths and Marriages (BDM) datasets, as the 
available variables have not been validated. This 
was confirmed by data custodians at the Ministry 
of Health (MoH) and the Department of Internal 
Affairs. Instead, the Mortality collection (MORT) 
is considered the best source for stillbirths. 
Besides birth outcome, however, MORT does not 
provide any clinical information on the delivery 
event, maternal demographics, or other preg-
nancy risk factors. 

To generate a table with all stillbirths, a full 
outer join was performed between the MAT deliv-
ery and BDM births datasets on maternal ID (“par-
ent1”). Two additional joins on year and month 
of delivery ensure the link to the correct birth 
event. A filter will need to be applied to the vari-
ables “delivery outcome” (MAT) and “stillbirth 
indication” (BDM). A second filter for delivery 
year(s) will specify the targeted birth cohort. By 
performing a full outer join we ensure that all 
possible perinatal deaths are included, and no 
cases are missed. A disadvantage of this method 
is the risk of including some infants twice, where 
a wrong entry of birth month in either dataset 
will result in a non-match. Cases where linking 
seems appropriate (for instance, where only a 
one-month difference exists between delivery 

dates, plus overlapping maternal demographics), 
can be merged in a separate step. In contrast, per-
forming an inner join between the two datasets 
will provide an underrepresentation of the num-
ber of stillbirths in a cohort. This can be explained 
by the following rhetoric: if a birth registration has 
not been completed (e.g., when parents do not reg-
ister a stillbirth), then DIA do not provide a record 
of this birth to Statistics NZ. However, for this same 
birth, the MoH may have provided Statistics NZ 
with the birth notice information (MAT). Finally, 
a small number of the identified stillbirths will be 
able to be joined to the MAT infant table (through 
their pregnancy-key), or BDM deaths datasets (by 
infant ID). These most likely include cases where it 
was unclear if the infant died before or soon after 
birth (as a day 0 neonatal death [NND], i.e., death of 
a live born infant up to the 28th day of life). 

Step two: neonatal deaths
As no datasets in the IDI classify NNDs (and 

therefore do not distinguish them from infant 
mortalities ≥28 days of life), it is not possible 
to perform outer joins. A temporary table cre-
ated from the full birth and death date tables 
will firstly identify all perinatal mortalities. To 
make the distinction between stillbirths and day 
0 NNDs, cases with similar dates of birth and 
death can be matched to the MAT infant table 
by an inner join on infant ID. As stillbirths are 
not registered in the MAT infant dataset, this 
step should only return NNDs. A second link can 
then be made with the MAT delivery table, by 
performing a left join on pregnancy-key. Here, 
an inner join would result in a slight underesti-
mate of NNDs as the tables don’t match perfectly, 
while a full outer join would not distinguish 
NNDs from other live births. A subsequent inner 
join by infant ID will match to the correct case in 
the BDM births dataset. As a final step, overlap-
ping cases between the temporary stillbirth and 
NNDs tables should be investigated and adjusted 
where necessary. 
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Step three: perinatal deaths
To create a full numerator table including all 

perinatal deaths, the temporary stillbirth and 
NND tables should be combined. A conservative 
linking method applied by Statistics NZ estimates 
a <2% false positive linking rate of individu-
als in the IDI (i.e., where records of two people 
are incorrectly matched), thus allowing for a 
relatively high false negative linking rate (i.e., 
where two records of one person have not been 
matched). In addition, the use of full outer and 
left joins rather than inner joins as described in 
this report, will result in a further increase in 
duplicates of cases. The newly created perinatal 
deaths table is therefore expected to hold a larger 
number of cases compared to gold standard Peri-
natal and Maternal Mortality Review Committee 
(PMMRC) numerator data at this point. To correct 
for this difference as much as possible, we pro-
pose further probabilistic linking by using over-
lapping variables between the various datasets 
(e.g., delivery year and month, maternal birth 
year and month, gestational age, birthweight, 
area of domicile, District Health Board of birth, 
or facility code). For example, BDM cases with-
out a MAT record can be joined to MAT cases  
without a BDM record, and vice versa. This 
approach should result in a dataset similar to our 
gold standard, while still guaranteeing conserva-
tive linking. 

Where possible, a join to the BDM deaths data-
set can be performed by infant ID. A new variable 
for delivery outcome will most accurately repre-
sent the true birth outcome, by applying the fol-
lowing prioritisation: 1) If a death can be joined to 
the MORT dataset, this delivery outcome should 

be used as the best available source; else 2) if a 
death is registered in the BDM deaths dataset, it 
should be considered a NND; else 3) if a death is 
registered as a stillbirth in BDM births, it should 
be considered a stillbirth; else 4) if a death is reg-
istered in the MAT infant table, it should be con-
sidered a NND; and else 5) if MORT, BDM and MAT 
infant data are missing, the MAT delivery table 
birth outcome should be used. 

Step four: live births
To create a denominator table including all 

births, all live births will need to be identified 
first. A full outer join between the MAT delivery 
and infant datasets on pregnancy-key, plus a full 
outer join on BDM births by infant or maternal 
ID, will return all matches and non-matches of 
any birth outcome. A filter by delivery year(s), 
“delivery outcome” (MAT) and “stillbirth indica-
tion” (BDM) will allow selection of all live births. 
Duplicates with the numerator table, should be 
deleted. Further probabilistic linking can be per-
formed by matching between overlapping vari-
ables from the various datasets as previously 
described. Finally, a full denominator table is 
created by unifying the numerator set with all 
live births. 

The PMMRC and BDM use marginally different 
definitions for stillbirth. For consistency in this 
report, we followed PMMRC definitions. Infants 
born <20 weeks’ gestation (or <400g of birth-
weight if gestational age was unknown) should be 
removed from the dataset, since these infants do 
not meet the PMMRC criteria for perinatal mortal-
ity. Further data cleaning can be based on rules 
outlined in the PMMRC methodology report. 

Appendices 3 & 4:  
https://uploads-ssl.webflow.com/5e332a62c703f6340a2faf44/63c9c0dd41fd76cd48e8b15b_5912%20-%20

Appendices%203%20%26%204_final.pdf 

To see copies of the original SQL files, please contact  
corresponding author Esti C de Graaff at e.degraaff@auckland.ac.nz


