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Abstract

Objectives: Aotearoa New Zealand has demonstrable maternal and perinatal health inequity. We examined the
relationships between adverse outcomes in a total population sample of births and a range of social determinant variables
representing barriers to equity.

Methods: Using the Statistics New Zealand Integrated Data Infrastructure suite of linked administrative data sets,
adverse maternal and perinatal outcomes (mortality and severe morbidity) were linked to socio-economic and health
variables for 97% of births in New Zealand between 2003 and 2018 (~970,000 births). Variables included housing,
economic, health, crime and family circumstances. Logistic regression examined the relationships between adverse
outcomes and social determinants, adjusting for demographics (socio-economic deprivation, education, parity, age, rural/
urban residence and ethnicity).

Results: Maori (adjusted odds ratio=1.21, 95% confidence interval=1.18-1.23) and Asian women (adjusted odds
ratio 1.39, 95% confidence interval=1.36—1.43) had poorer maternal or perinatal outcomes compared to New
Zealand European/European women. High use of emergency department (adjusted odds ratio=2.68, 95% confidence
interval =2.53-2.84), disability (adjusted odds ratio=1.98, 95% confidence interval = 1.83-2.14) and lack of engagement
with maternity care (adjusted odds ratio=1.89, 95% confidence interval = 1.84—1.95) had the strongest relationship with
poor outcomes.

Conclusion: Maternal health inequity was strongly associated with a range of socio-economic and health determinants.
While some of these factors can be targeted for interventions, the study highlights larger structural and systemic issues
that affect maternal and perinatal health.
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Introduction health outcomes tends to investigate the source of these
inequities via proximal variables, such as body mass index
(BMI), smoking and other lifestyle factors. However,
while these studies are useful, they fail to demonstrate root
causes of health inequity, the social determinants.

Health inequity is a disparity in the health of different
groups or individuals that has a social justice implication.
The World Health Organization (WHO) currently describes
inequity using Whitehead’s landmark definition of ‘differ-
ences in health Whmh are notlonly unnecessary ar}d av?ld- |University of Otago, Dunedin, New Zealand
able but, in addition, are considered unfair and unjust’. %ris Data Science, Dunedin, New Zealand

Inequity is both a global and localized problem. Even .

ithin high-income countries, stark health inequities are <o Pending author:
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present, and frequently associated with broader social dis- New Zealand.
parities.>* Much of the current research on disparities in Email: pauline.dawson@otago.ac.nz
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Marmot calls social determinants of health the ‘causes
of the causes’,” and these are the underlying, personal,
intermediary and structural issues that produce inequities.
Frameworks describing these determinants and their inter-
actions have been created by Solar and Irwin* and form a
core part of the WHO’s efforts to address health equity.’
Solar and Irwin stated that the most significant stratifiers
and indicators of inequity, ‘include: Income, Education,
Occupation, Social Class, Gender, Race/ethnicity’.*

The WHO Commission on Social Determinants of
Health (CSDH)’ is unequivocal that the underlying causes
of health inequity are social; not everyone has the same
capability, due to social factors, to take advantage of pro-
vided opportunities.®’ Social determinants as a cause of
health inequity have been researched extensively and
demonstrably contribute to health inequity worldwide,>3
including in Aotearoa New Zealand (hereafter called New
Zealand or NZ).°

Background

Maternity care provides an exemplar for examining the
interactions between social determinants and health ineq-
uity.!%!! Social determinants are suggested as causes of
inequity in maternal and perinatal outcomes in national
monitoring reports'>!* and empirical research'®!* frequently
in regard to access or engagement with care. The impact of
social factors at the start of life has long been described,
with life-long and intergenerational sequalae.>!13

Maternity outcome inequities in New Zealand have
been established via national reports and studies, yet there
has been little shift in these outcomes over many years.'>!3
For instance, there is a significantly higher maternal mor-
tality rate among Maori (23.48/100,000 maternities) and
Pacific women (22.23/100,000 maternities) compared to
New Zealand European women (11.33/100,000 materni-
ties) in combined data from 2006 to 2018 in the national
Perinatal and Maternal Mortality Review Committee
(PMMRC) report.'? Similar perinatal mortality inequities
are evident in that report. Maternal morbidity studies in
New Zealand show similar trends to maternal mortal-
ity, 10141617 and expose the poor outcomes for the most
deprived New Zealand women, with over-representation
of poor maternal outcomes for Maori, Pacific and women
of Indian origin.'®!3

New Zealand has a socialized, universal health care
system.!” Maternity care, from primary to tertiary level, is
provided at no cost to all New Zealand resident women,
unless they opt to pay for private care. In an internationally
unique system, primary care is largely (93% in 2018)%
provided by autonomous lead maternity carers (LMCs)
that contract to the state and who are mainly midwives.?!??
The LMC model provides continuity of care, which is
shown to reduce inequities.”>?* Nevertheless, the context
for this study is that there are known barriers to maternal

health equity in New Zealand.? These barriers are a com-
plex set of circumstances (access, cultural considerations,
colonialism, political context and the maternity system
itself) mirroring the social determinants in the aforemen-
tioned frameworks.?

Uniquely, New Zealand also has obligations under the
Treaty of Waitangi /Te Tiriti o Waitangi to work in partner-
ship with Maori (the indigenous peoples of New Zealand),
to preserve self-determination and strive actively to
achieve health equity. A 2019 report found that that the
crown breached the treaty by failing to structure and fund
primary health systems to address ongoing Maori health
inequities.?® These Maori health inequities can be linked to
the ‘causes of causes’, or social determinants. For exam-
ple, Maori have a severe housing deprivation rate of 166.0
per 10,000 compared to 41.2 per 10,000 for NZ/European,?’
and 63% of Maori live in the two highest deprivation quin-
tile areas compared to 34% of non-Maori.?® Maori are also
less likely to gain a post-secondary school qualification
than the total population (20.7% compared to 34.6%).%°
These statistics suggest that the health and socio-political
systems are not fit-for-purpose, attributed to the ongoing
effects of colonialism and racism.**3!

While governmental reports describe these inequities,
links to social determinant causes are only suggested and
not yet specifically explored quantitatively. For example,
the PMMRC!>%? and Maternal Morbidity Working Group
(MMWG)'*!8 reports cite ‘barriers to access and/or barri-
ers to engagement with care were the most common type
of contributory factor’ to poor outcomes, but do not detail
or investigate what the social determinant barriers to
access are. Some small New Zealand studies have reported
mental health, drug and alcohol issues, family violence,
cultural and language barriers and ineligibility for free care
are associated with maternal mortality and morbidity.'*'¢
Barriers to engagement with care for Maori women,*3-3
and the ongoing effects of colonialism and entrenched
poverty as contributors to structural and systemic issues in
maternity inequalities have also been explored.?>3¢

Similarly, there are limitations in the international lit-
erature. While these studies may have larger cohorts, there
is a focus on a few specific determinants, such as food
insecutity®’ and homelessness*® or specific populations.®
A systematic review of birth outcomes in high-income
countries found common determinants of poor outcome,
such as poverty, but confirmed studies were usually
focussed on a few variables or general population indica-
tors (e.g. linking mortality rates with gross domestic prod-
uct (GDP) or parental leave provisions).*’

While existing research indicates that there are likely
social determinants underlying maternity outcomes, the
relationships between poor outcome (mortality and mor-
bidity) and a broad series of social determinant variables
has not been explored in a national birthing population
within New Zealand, and there is no comparable literature
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Table I. Composition of ‘any adverse event’ outcome
variable.

Mortality Maternal
Neonatal
Stillbirth

Morbidity (mother) Severe postpartum haemorrhage?
Eclampsia

ICU admission

Peripartum hysterectomy

Very preterm birth (<28 weeks)
Low birth weight (<2500g)
Neonatal level 3 ICU admission

Morbidity (infant)®

ICU: intensive care unit.

?Reported by available variables of blood transfusion and postpartum
haemorrhage combined as a proxy. No consistent data on iron infusion
available.

®Live births only.

on this internationally. Access to government-linked data-
sets provided an opportunity to analyse a significant period
of national birthing population data linked to a range of
social determinants in New Zealand.

In this study, we examined the relationships between a
composite poor perinatal outcome for mother and/or baby
and social determinants of health within New Zealand for
a large majority of the total birth population over a 16-year
period. We hypothesized that the socio-economic determi-
nant variables of health inequity, selected using established
frameworks, would be correlated with poor outcomes.

Methods

Study design and participants

This study was a retrospective population cohort study uti-
lizing large linked governmental datasets. The Ministry of
Health maternity data contained all known pregnancies of
20+ weeks gestation in New Zealand between 2003 and
2018, which is estimated to cover 97% of all births in that
period.*! As this was all the birthing population data avail-
able from national government sources and constituted
almost all births for a 16-year period, it can be defined as
purposive total population sampling.*> Based on approxi-
mate annual birthing numbers of 60,000 per annum, we
estimated the data set would contain data describing over
~950,000 birth events.

These maternal records were linked to the baby(ies)
from each pregnancy, and so that connected maternal and
perinatal outcomes and demographic data were obtained.
Each unique pregnancy was also linked to social determi-
nant variables found in other government data sets. Our
focus was on the circumstances around each individual
pregnancy/birth as these circumstances might change (or
not) between pregnancies/births. In a longitudinal birth
population, some women would likely appear more than

once, and this could therefore be a confounder of the rela-
tionship between circumstances and outcome.

Use of these data was approved by the University of
Otago Human Research Ethics Committee (HD18/024)
and a New Zealand Health and Disability Ethics Committee
‘Out of Scope’ letter (19 February 2018). Te Tiriti obliga-
tions were honoured through consultation with the Ngai
Tahu Research Consultation Committee and other stake-
holders through the course of the research.

Data source and collection

The data were sourced from the Statistics NZ Integrated
Data Infrastructure (IDI),* a linked administrative data-
base. The IDI contains 14,854 variables and approximately
70 million records sourced from 15 different agencies.*
De-identified data are linked probabilistically and individ-
uals allocated a unique key, allowing (in this instance)
health data to be related to data collected from other agen-
cies, such as taxation, social welfare, government statisti-
cal surveys and also some non-government organizations.*
Strict regulations surround access to these data that protect
any potential identification of individuals through a multi-
layered ‘five safes’ precautionary system.** The IDI can
only be accessed by approved researchers, for projects that
are in the public interest and within a secure accredited
data lab. Any datasets created and analysed cannot be
removed unless through strict centralized output checking
processes.* These regulations meet requirements under
the Statistics Act 1975 Section 37C*® and the Privacy Act
2020% negating individual consent for use of these data.
The rigorous data output rules* means that all raw counts
reported here have been randomly rounded either up or
down to the nearest multiple of 3 (RR3), small numbers
are suppressed and usually ranges cannot be reported.

Outcomes and variables

The primary outcome variable was any adverse perinatal
outcome — defined as experience of any one or more mater-
nal or neonatal mortality or severe morbidity variables
(Table 1). Selection of maternal morbidity variables
(severe postpartum haemorrhage, eclampsia, intensive
care unit (ICU) admission and peripartum hysterectomy)
was informed by the New Zealand Maternal Morbidity
Monitoring Group'? and the severe acute maternal morbid-
ity study.'” Common neonatal morbidity variables, very
preterm birth (<28 weeks) and low birth weight (<2500 g)
were selected a priori. Level 3, the highest level of neona-
tal intensive care unit (NICU) admission, was also chosen
as a proxy for morbidity in the new-born. A composite out-
come (any adverse event) was decided on to reflect the
interconnectedness of the mother—infant dyad and the
nature of birth (and any negative aspects) as a wider family
and community event.
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Table 2. Demographic variables.

Table 3. Social determinant variables.

Variable Categorization
(reference group in bold)

Age group Under 16, 16—19, 20-24, 25-29,
30-34, 35-39, 4044, 45 and
over

Parity 0,1,23,45 6+

Prioritized ethnicity NZ/European, Maori, Pacific,
Asian, Other

NZDep index decile (1-10) Decile 1-10

Locality Urban, semi-rural, rural, remote
rural

Educational level® No qualification, high school
only, undergraduate, post

graduate

NZDep: New Zealand deprivation; NZ: New Zealand.

*Excludes those educated outside New Zealand or whose education
pre-dated the available records (secondary school records from 2007
and 1994 for tertiary).

Reference group is indicated in bold.

Demographics variables of age group, parity, prior-
itized ethnicity, New Zealand deprivation (NZDep) index
decile (1-10), locality and educational level were gathered
at the time of the birth event (Table 2). Social determinant
variables (Table 3) were assessed at the time of birth, if
possible, but dictated by data availability. For example, it
could not be ascertained if someone was registered with a
primary general health service at the time of birth, only if
they had ever been registered. The temporal aspects of the
variables are indicated in Table 3. In line with this, although
census data (collected 5-yearly) were available for the
study period, they were not used because these could be up
to 5years distant from the birth event.

While demographics are themselves independent vari-
ables, in this instance, they have been categorized as
covariates to adjust for in regression modelling. It could be
argued that some of these demographic variables (depriva-
tion decile, location and education) could be classed as
either demographic or social determinants. However, this
is the nature of social determinant research — as all social
determinant variables could also be called demographic in
that they describe the nature of a population.*®

Self-reported ethnicity at maternal registration is
recorded in the Ministry of Health data as a single prior-
itized ethnicity. In the prioritized ethnicity system, a per-
son is allocated a single ethnicity (if they declare more
than one) in the following order of priority: Maori, Pacific,
Asian and European/Other.* Where these data were not
obtained at registration, they were available by linking to
Ministry of Health ethnicity metadata sourced from other
health encounters and therefore were largely complete.

NZDep index decile® was also included based on the
residential address of the birthing person at the time of the
birth, ten being most deprived and one being least deprived.

Income and employment

State beneficiary at time of birth

Crime

Ever in prison

Birth in prison

Victim of any crime (2014-2018)

Victim of IPV (2014-1018)

Victim of any violent crime (2014-2018)

Violent offender ever

Housing

Accommodation supplement benefit received at time of birth
In state-owned (public) housing at time of birth

More than three notified address changes in year of birth

(6 months either side of birth)

Health

More than three visits to emergency department in year of birth
Trimester when first registered for antenatal care (first,
second, third, unregistered at birth)?

Unregistered for care at birth

Any contact with secondary mental health, drug and alcohol
services ever

Ever registered with a primary care practice/family doctor
Has a disability assessed as qualifying for government assistance
at time of birth

Access

Current driver’s licence at time of birth

Family

Mother ever had contact with child welfare services as a child
(including being in foster care)

New Zealand resident at time of birth

Refugee (came to live New Zealand as an asylum seeker)

IPV: intimate partner violence.
*Reference category in bold (first trimester).

NZDep is a New Zealand standard for measuring depriva-
tion in small geographic areas derived from the most recent
census data. Dimensions used to develop the index include
income, digital access, employment, home ownership,
family makeup and housing conditions.’!

New Zealand’s population is sparsely distributed in
some areas, with people having to travel over four hours
by road to get to a secondary or tertiary hospital.
Therefore, urban, semi-rural, rural or remote rural geo-
graphic funding designations, which are based on dis-
tance of the birthing person’s residential address to the
nearest hospital, were included.

Social determinants were grouped into several domains
(Table 3). Variable selection was determined by existing
research evidence, deprivation indexes,’>> WHO reports
and frameworks,*> and tempered by what data were availa-
ble within the IDI data source. Several iterations of variable
development were required as we explored alignment with
frameworks and existing research evidence, duration for
which data were available and the extent of ‘missingness’.
For instance, income and employment were represented by
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whether a state income benefit was received at the time of
birth or not. This is a likely proxy for financial deprivation
as the New Zealand welfare benefit provides an income
below the poverty line.> Other sources of data were prob-
lematic as indicators of low levels of economic resource.
For instance, tax data can show that some people declared a
financial loss for the year without this being an indicator of
low income. Where data were only obtainable for a short
period in relation to the birth data set (e.g. crime victimiza-
tion data were only available 2014-2018), the analysis only
included births from the same time period.

Health-related determinants were included as they fre-
quently have aspects related to social issues. Also, the health
system itself is identified as an intermediary social determi-
nant in Solar and Irwin’s framework.* For instance, emer-
gency department usage was included as this service is
frequently utilized where there are access barriers to more
appropriate primary services.>* Another health inclusion
was disability where government financial support was in
place. While some argue disability is a core health issue®
proponents of the social model of disability see this as a
focus on impairment rather than the societal limitations and
impacts of living with a disability.>® As there are few disabil-
ities that might physiologically impair a positive birth out-
come, it was included as a social determinant.

Statistical analysis

Logistic regression modelling (binomial dependent vari-
ables) was used to investigate association between social
determinant variables and outcome variables. A com-
bined composite variable of ‘any adverse maternal or
perinatal outcome’ was created and used for the overall
analysis reported here. Each independent determinant
variable was analysed individually as adjusted and unad-
justed odds against the composite adverse outcome vari-
ables. Adjusted modelling took account of demographic
covariates described in Table 2.

Data extraction, initial counts and data management
were carried out directly using Microsoft SQL Server
Management Studio (SSMS) 2012 software and structured
query language (SQL) code. Additional analysis was com-
pleted with R version 3.4.1°7 via RStudio provided in the
IDI lab environment. Specific R packages utilized for
analysis are referenced within the text.

Because there was a strong association between inde-
pendent variables (tested by Cramér’s V — see section A of
the Supplementary Material), the effect of each social deter-
minant variable was fitted in a separate logistic model.

Imputation

For the largest robust dataset possible, multivariate single
imputation was carried out using a machine learning algo-
rithm via the R software package missRanger (version
2.1.0).°® missRanger can handle both continuous

and categorical variables and each variable is imputed by
predictions from a random chained forest model using all
the other variables as covariables.” While single impu-
tation can underestimate variance,®' the chosen method is
proven and robust.”*%? External validation was carried out
for variables with large missing components (e.g. educa-
tion). Further technical detail about this method of imputa-
tion and parameters used are reported in section B of the
Supplementary Material.

Results

Population characteristics

Counts for the 2003-2018 period (randomly round by 3)*
gave a set of 972,378 pregnancies from 548,949 individual
women. These pregnancies resulted in 972,996 live babies.
The demographic makeup of the population (prior and
after imputation) is shown in Table 4. Over the 16years,
more than half of births were to women aged between 25
and 34 years (56%).

Forty percent of births were the first and another third were
second births. Most women (68%) resided in urban areas and
there were more births for women who lived in higher depri-
vation areas than in low deprivation regions. While over 40%
of women had completed some form of tertiary education,
26% had no high school or higher educational attainment.
Maori and Pacific women were more likely to live in highly
deprived areas (Figure 1). These groups also had lower mean
age at birth and higher parity (Table 5).

Proportions after imputation did not change significantly
except for education, so that external validation was com-
pleted. Census data of all women aged 15-50 were extracted
for 2006 and 2018 census® (section B of the Supplementary
Material) to give an indication of highest qualification lev-
els at that time. Having no qualifications dropped from 22%
in 2006 to 17% in 2018 and there was an increase in post-
graduate qualifications (6%—12%). The census also had
missing data (4%—6%). While these census data are not the
same as the imputed proportions in this study, the popula-
tions cover different time spans (our study contains data
from 2003 to 2018) and we can also assume that some
women in the 15-50 census group were childless.

Population proportions before and after imputation for
the social determinant variables are reported in section B
of the Supplementary Material. The missing data predomi-
nantly related to linkage issues between data sets, so that,
proportions are the same for many variables, for example,
1.6% when people in the maternity data did not link to
anywhere elsewhere in the IDI.

Relationships between demographics and
adverse outcome

Raw unadjusted odds ratio (OR) demonstrated that,
compared to NZ European (NZE) women and those
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identifying as European, all other prioritized ethnic
groups had increased odds of any adverse outcome; the
greatest odds were observed for Asian women
(OR=1.42, 95% confidence interval (CI): 1.39-1.45).
Compared to 16- to 19-year-olds, those who were
45 years and over had higher odds of adverse outcomes
(OR=1.51, 95% CI=1.33-1.7) with reduced odds of
poor outcome in age groups of 25-29 years (OR=0.73,
95% CI1=0.11-0.76) and 30-35years (OR=0.71, 95%
CI=0.69-0.74). Poor outcomes increased with parity
and with higher deprivation deciles. Outcomes were
slightly better for those in rural areas when compared
to urban.

When adjusted for other demographic factors, the odds
of adverse outcome reduced for Pacific women from
adjusted odds ratio (aOR) of 1.24%—1.09 (95% CI=1.06—
1.12), while Maori only had a slight reduction from 1.39 to
1.21. The aOR of'the over 45 age group rose from OR=1.51
to aOR=1.94 (95% CI=1.71-2.2). While outcome still
worsened with increasing decile (i.e. lower socio-eco-
nomic status), this effect was reduced (Table 6).

Relationships between social determinants and
adverse outcome

The results from the social determinant variable analysis
were grouped by domain and, within each domain, the data
ordered by the aOR are shown in Figure 2 and detailed in
Table 7.

In regression modelling, greater odds and adjusted odds
of any adverse outcomes were associated with one or more
variables in each of the social determinant domains and
most of these associations were statistically significant.
The greatest adjusted odds of any adverse outcomes were
health related: high use of emergency departments
(aOR=2.68, 95% CI=2.53-2.84), those with a disability
qualifying them for state assistance (aOR=1.98, 95%
CI=1.83-2.14) and being unregistered at birth (indicating
no antenatal care; aOR=1.89, 95% CI=1.84-1.95). The
most protective elements were: having ever been regis-
tered with a primary health care organization (aOR=0.85,
95% CI=0.78=0.92) and registering for any antenatal
care indicated by registration before birth.

In non-health-related determinants, receiving a state
benefit (aOR=1.34, 95% CI=1.32-1.37), having ever
been in prison (aOR=1.57, 95% CI=1.50-1.64), unsta-
ble housing (aOR=1.42, 95% CI=1.35-1.49) or state
provided housing (aOR=1.28, 95% CI=1.24-1.32), or
the mother’s involvement with child welfare services
themselves (aOR=1.34, 95% CI=1.31-1.37) were all
significant in relation to any adverse outcomes. It is of
note that all of the unadjusted ORs reduced when
adjusted for ethnicity, age, parity location, educational
level and deprivation indicating that there might be sig-
nificant relationships between demographic factors and
the social determinants.

Discussion

Our study found that the least poor outcomes were for
Pakeha/European women aged 25-35 with a tertiary
degree, having their second to fourth baby, living in areas
with NZDep deciles 1-4; and those who received antenatal
care (booked prior to birth), did not have a disability, had a
drivers’ licence and were registered with a primary health
care organization. The current system appears to serve
these women well. Older mothers (or the very young),
with higher parity, living in higher deprivation areas, on
state benefits, non-European or non-Pakeha, and those
represented highly in the health, housing, crime and access
domains had markedly poorer outcomes.

In comparison with international population data and
social determinant studies, we demonstrated that, while
stark, the identified barriers to maternal health equity in
New Zealand, such as racism, poverty and difficulties in
accessing care, are not unique in high-income coun-
tries.!16>%* Though the context for inequity is singular in
New Zealand,? the birthing population is not dissimilar to
other high-income countries. While ethnic groupings dif-
fered and ethnicity data were collected and collated differ-
ently between countries, empirical research shows Black,
indigenous and people of colour (BIPOC) are over-repre-
sented in measures of deprivation and poor outcomes.!!%4
A similar pattern is seen in national reports and data repos-
itories. In the United Kingdom,>% the United States®’ and
Australia,’® BIPOC had higher rates of adverse maternal
and perinatal outcomes. These sources all indicated that
people of higher deprivation, lower educational level and
the youngest and oldest age groups all had poorer out-
comes, as was found in this study. The maternal mortality
or perinatal morbidity outcomes were usually reported
individually, so that ORs are not comparable with the com-
posite outcome reported in our study.

Many international research studies have examined
social determinant data only for very specific cohorts
(e.g. teen mothers on welfare) or outcomes (e.g. low birth
weight). It was notable that more studies report perinatal
outcomes, and fewer on the relationships between mater-
nal morbidity and mortality and social determinants.
Comparison between studies is difficult due to inconsist-
ency in the choice and reporting of determinants or out-
come definitions. For instance, perinatal mortality is
defined differently across the Organisation for Economic
Co-operation and Development (OECD); while stillbirth
is after 20-week gestation in New Zealand, other coun-
tries use a 24-week cutoff.®® Furthermore, while our
choice of a composite ‘any adverse’ variable gives an
overview of how social determinants impact pregnancy
and birth outcomes, it makes comparisons to other stud-
ies more difficult.

Blumenshine et al.’s’® systematic review of industrial-
ized OECD countries looked at social determinants
(grouped as income, education, occupational class and
area-based socio-economic measures) and preterm birth
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Table 4. Demographic composition of population before and after imputation.

Prioritized ethnicity

Before imputation

After imputation

NZE/European 476,898 (49%) 476,898 (49.1%)
Maori 247,662 (25.5%) 249,231 (25.5%)
Pacific 107,949 (11.1%) 107,949 (11.1%)
Asian 119,646 (12.3%) 119,646 (12.3%)
Other 18,660 (1.9%) 18,660 (1.9%)
Unknown 1569 (0.2%)
Age group

Under 16 2202 (0.2%)

16-19 58,698 (6%)

20-24 170,328 (17.5%)

25-29 248,664 (25.6%)

30-34 287,127 (29.5%)

35-39 166,503 (17.1%)

4044 36,651 (3.8%)

45 and over 2202 (0.2%)
Parity

Primipara (0)

361,224 (37.1%)
295,701 (30.4%)

390,036 (40.1%)
319,455 (32.9%)

|
2 134,280 (13.8%) 145,902 (15%)
3 55,344 (5.7%) 61,332 (6.3%)
4 24,711 (2.5%) 27,921 (2.9%)
5 12,036 (1.2%) 13,842 (1.4%)
6 and over 11,718 (1.2%) 13,890 (1.4%)
Unknown 77,367 (8%)

Locality
Urban 663,831 (68.3%) 664,131 (68.3%)
Semi-rural 92,349 (9.5%) 92,406 (9.5%)
Rural 164,871 (17%) 164,937 (17%)

Remote rural
Unknown

NZDep decile index (10 is most deprived)

50,886 (5.2%)
444 (0%)

Decile | 72,720 (7.5%) 72,753 (7.5%)
Decile 2 83,538 (8.6%) 83,601 (8.6%)
Decile 3 82,923 (8.5%) 82,923 (8.5%)
Decile 4 84,162 (8.7%) 84,270 (8.7%)
Decile 5 91,485 (9.4%) 91,521 (9.4%)
Decile 6 92,445 (9.5%) 92,544 (9.5%)
Decile 7 98,067 (10.1%) 98,067 (10.1%)
Decile 8 107,397 (11%) 107,466 (11%)
Decile 9 113,952 (11.7%) 113,988 (11.7%)
Decile 10 145,245 (14.9%)

Unknown

Highest formal educational level at birth
No formal educational qualification
High school/vocational

135,912 (14%)
181,227 (18.6%)

250,812 (25.8%)
315,120 (32.4%)

Undergraduate 236,778 (24.4%) 351,366 (36.1%)
Postgraduate 44,589 (4.6%) 55,080 (5.7%)
Unknown 373,872 (38.4%)

NZE: New Zealand European; NZDep: New Zealand deprivation.
All counts have been randomly rounded (up or down) to the nearest multiple of 3 (RR3).

and low birth weight outcomes. Consistent positive rela- the effect of socioeconomic disadvantage on birth out-
tionships between high socio-economic deprivation and comes ranged from 1.1 and 1.5 in 35 studies (54%); from
poor neonatal outcomes were demonstrated; the aORs ‘for 1.5 to 2.0 in 18 studies (28%); and 2.0 in 12 studies
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Figure |. Ethnic makeup of deprivation scales.

Table 5. Ethnicity, mean, age and mean parity.

Ethnicity Mean age Mean parity
NZE/European 30.63 0.9
Maori 26.44 1.5
Pacific 28.23 1.6

NZE: New Zealand European.

(18%)’.7° Any adverse outcomes for state welfare benefi-
ciary (a proxy for poverty) in our study had an aOR=1.34
(95% CI=1.32-1.37) apparently consistent with the 54%
of perinatal studies in Blumenshine et al.”’ that had an
adjusted odds in the range of 1.1-1.5. As previously noted,
comparability may be reduced through the different in out-
come choice (perinatal only versus composite adverse
outcome).

Strengths and limitations

The primary strength of this article is that the associa-
tion of a broad range of social determinants with any
poor maternal and perinatal outcomes is evidenced in a
large, almost complete, longitudinal birthing popula-
tion sample (97% of New Zealand births over 16 years,
with 972,378 pregnancies). This has not been done for
both maternal and perinatal health at a total birthing
population level in New Zealand before, nor has such a

study been observed internationally over such a range
of determinants. In this regard, this study traverses new
territory and provides an important contribution to the
field. The analysis is also distinguished by using indi-
vidual factors for those giving birth as close to the time
of the event as possible, not simply a geographic resi-
dential deprivation score.

What the study provides, therefore, is quantitative
data that highlight the range of social factors that are
frequently structural and systemic, and significantly
affect maternal and perinatal health. It is anticipated that
this will assist a shift in focus to addressing these factors
alongside clinical measure as they are of a magnitude
that cannot be ignored.

The study does have some constraints due to the source
of the data.”! While de-identified, the data are administra-
tive and not collected for research. Each data set has vary-
ing quality issues, which may encompass changes in
collection methods and policies. Probabilistic linking
within the IDI system can be unreliable’! and there is also
presence bias, where those that frequently interact with
government agencies have many data points available and
others with little interaction may not.

Another limitation is that we considered each birth
event individually and did not adjust for women appearing
more than once in the data set. As a result of the assump-
tion of independence between observations being violated,
residual standard errors may be underestimated and the
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Table 6. Demographic ORs and aORs for any adverse outcome.
OR 95% ClI Pr (>]z]) Sig. aOR" 95% Cl p Sig.
Prioritized ethnicity
NZ/European 0.07 0.07-0.08 <2e-16 Hokk |
Maori 1.35 1.32-1.37 <2e-16 ok 1.21 1.18-1.23 <2e-16 ok
Pacific 1.24 1.21-1.27 <2e-16 ok 1.09 1.06—1.12 2.05E-09 k¥
Asian 1.42 1.39-1.45 <2e-16 ok 1.39 1.36-1.43 <2e-16 ok
Other 1.09 1.04-1.16 0.0014 o 1.05 0.99-1.11 0.0842
Age group
Age under 16 1.34 1.18-1.53 5.67E-06 ok 1.28 I.12—1.45 0.000169  ***
Age 16-19 0.11 0.11-0.11 <2e-16 ook 1.00
Age 20-24 0.84 0.82-0.87 <2e-16 ek 0.95 0.92-0.98 0.003761 o
Age 25-29 0.73 0.71-0.76 <2e-16 E0.90 0.87-0.93 | 44E-10 ¥
Age 30-34 0.71 0.69-0.74 <2e-16 wE0.94 0.91-0.98 0.001096  **
Age 35-39 0.80 0.77-0.82 <2e-16 otk 1.09 1.06—1.14 | .40E-06  **
Age 4044 1.04 0.99-1.08 0.113 1.38 1.32-1.45 <2e-16 ok
Age 45 and over I.51 1.33-1.7 4.67E-11 ok 1.94 1.71-2.2 <2e-16 ok
Parity
Para 0 0.10 0.10-0.1 <2e-16 ok 1.00
Para | 0.70 0.69-0.71 <2e-16 wE0.70 0.68-0.71 <2e-16 oK
Para 2 0.75 0.73-0.77 <2e-16 wE 072 0.71-0.74 <2e-16 ok
Para 3 0.90 0.88-0.93 6.29E-11 R 0.82 0.79-0.85 <2e-16 ok
Para 4 1.05 1.01-1.09 0.0245 * 0.90 0.86-0.94 1.95E-06 ¥
Para 5 1.14 1.08-1.21 4.19E-06 R 0.94 0.88-0.99 0.025344  *
Para 6 and over 1.32 1.25-1.39 <2e-16 ok 1.01 0.95-1.06 0.821551
Locality
Urban 0.09 0.09-0.09 <2e-16 ok 1.00
Semi-rural 0.94 0.92-0.96 | .84E-06 ok 1.00 0.98-1.03 0.833994
Rural 0.94 0.92-0.96 5.33E-09 R 0.98 0.96—-1 0.041903  *
Remote rural 0.89 0.86-0.92 2.19E-11 R 0.92 0.89-0.96 8.23E-06  *k*
NZDep decile (10=most deprived)
NZDep decile | 0.07 0.07-0.08 <2e-16 ok 1.00
NZDep decile 2 1.00 0.96—1.04 0.8245 0.99 0.96-1.03 0.768929
NZDep decile 3 1.04 1.00-1.08 0.0416 * 1.03 0.99-1.07 0.137363
NZDep decile 4 1.05 1.01-1.09 0.0132 * 1.04 1.00-1.08 0.067873 .
NZDep decile 5 1.13 1.09-1.17 4.64E-10 ok 1.10 1.06-1.14 7.87E-07 ¥
NZDep decile 6 I.15 L1119 3.51E-13 ook I.11 1.07-1.16 2.24E-08  ¥FE
NZDep decile 7 1.20 I.16-1.25 <2e-16 ook 1.15 L11-1.19 349E-13
NZDep decile 8 1.27 1.23-1.32 <2e-16 ook 1.20 [.16-1.25 <2e-16 ok
NZDep decile 9 1.35 1.30-1.4 <2e-16 ook 1.26 1.22-1.31 <2e-16 ok
NZDep decile 10 1.47 1.43—1.53 <2e-16 otk 1.35 1.30-1.4 <2e-16 ok
Formal educational qualification
No educational qualification 0.09 0.09-0.09 <2e-16 otk 1.00
High school/vocational 1.08 1.06—1.1 5.98E-16 otk 1.09 1.07-1.11 <2e-16 otk
Undergraduate degree 0.90 0.88-0.92 <2e-16 wE0.95 0.93-0.97 6.05E-08 ¥
Postgraduate degree 0.80 0.77-0.83 <2e-16 Rk 0.85 0.82-0.88 <2e-16 ok

OR: odds ratio; Cl: confidence interval; aOR: adjusted odds ratio; NZDep: New Zealand deprivation.
Significance codes (sig): **p < 0.001; **p < 0.01; *p <0.05; Vp=0.01.
"Adjusted for ethnicity, age, parity, location (rural/urban), educational level and deprivation.

narrow Cls observed in this analysis may be due to this
underestimation rather than to low levels of uncertainty.
introduced uncertainty.
However, when compared to external data, results did not

Imputation may also have

appear unreasonable.

There is some critique of the use of large linked admin-
istrative data set for research, and in New Zealand, issues
have been raised regarding consent and also indigenous
data sovereignty.”> Such an expansive set, while sur-
rounded by privacy and ‘common good’ protections, opens
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Figure 2. OR and aORs of any adverse outcome.

the possibility of misuse. The data collections are fre-
quently deficit focussed and measures are not selected by
populations but by governments and administrative agen-
cies. Kitchin & Lauriault described such repositories as
‘expressions of knowledge/power, shaping what questions
can be asked, how they are asked, how they are answered,
how the answers are deployed, and who can ask them’”
This means that any researcher using the IDI must be
acutely aware not just of legal responsibilities, but also of
ethical and cultural frameworks and obligations’>’® and
work in partnership with affected communities.

In light of these considerations, there also needs to be
strengths-based analysis using wellbeing variables to
interrogate the common features of ‘good outcomes’.
These outcomes will need to be carefully defined as it may
well be that ‘good’ is not simply an absence of mortality or
morbidity.

Conclusion

The implication of these results is that any improvement
on maternity outcome inequity must involve addressing
underlying social determinants which are shown here to
have a significant impact on outcomes. This supports theo-
ries’” that medical care and the health system only goes so
far to ameliorate these inequities and, therefore, broader
action is required.

In turn, this leads to questions around the mecha-
nisms by which these inequities are allowed and ena-
bled to continue and the structures that hold them in
place. These questions and corresponding responses
include systemic issues around the distribution of power
and the political will (or lack thereof) to make trans-
formative change. Some determinants identified here
may provide targets for active change and intervention,
for example, making care more acceptable and accessi-
ble in order to improve engagement. However, it must
be acknowledged that the issues are not just at an indi-
vidual or intermediary level, but structural and sys-
temic, and so far-reaching change is required.

A shift in intervention focus — from problematizing
individuals to addressing bias in systems that disadvantage
those who already face the greatest social barriers to health
— is vital as health disparities have been quantified and
described for a significant time period. However, this has
not translated into progress towards the end of inequity’®
with much of the research measuring inequity failing to
advance progress on reducing it. In alignment with this, we
contend that future efforts in the area of maternal and peri-
natal inequity must be a programme of cross-disciplinary,
culturally appropriate interventional programmes and
societal and political transformation to bring real progress
to the elimination these inequities in New Zealand and
internationally.
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Table 7. Social determinant ORs and aORs for any adverse outcome..

Variable OR 95% ClI p Sig. aOR" 95% ClI p Sig.
Income and employment
Beneficiary 1.40 1.38-1.42 <2e-16 ok 1.34 1.32-1.37 0.000 ok
Crime
Ever in prison 1.76 1.69-1.84 <2e-16 ok 1.57 1.50-1.64 0.000 ok
Violent offender 1.45 1.41-1.49 <2e-16 ok 1.32 1.28-1.36 0.000 o
Birth in prison 124  0.83-1.86 0.300 I.14 0.76-1.72 0.519
Violent victim 1.47 1.41-1.53 <2e-16 ok 1.04 0.95-1.14 0.386
IPV victim 1.51 1.44-1.59 <2e-16 ok 1.04 0.92-1.16 0.551
Crime victim 1.30 1.26-1.34 <2e-16 ok 1.0l 0.94-1.08 0.770
Housing
Address change >3 1.59 1.52—-1.66 <2e-16 ok 1.42 1.35-1.49 0.000 ok
State housing 1.42 1.38-1.46 <2e-16 ok 1.28 1.24-1.32 0.000 ok
Accommodation supplement I.16 1.14-1.18 <2e-16 ok I.10 1.08-1.12 0.000 ok
Health
ED>3 2.8l 2.65-2.98 <2e-16 ok 2.68 2.53-2.84 0.000 ok
Disability 2.08 1.92-2.25 <2e-16 ok 1.98 1.83-2.14 0.000 ok
Unregistered 1.98 1.92-2.03 <2e-16 ork 1.89 1.84-1.95 0.000 ok
Postnatal registration 2.01 1.95-2.07 <2e-16 ok 1.84 1.78-1.89 0.000 ok
Mental health drug and alcohol 1.48 1.46-1.51 <2e-16 ok 1.47 1.44-1.49 0.000 o
Reg. in second trimester 1.03 1.02-1.05 0.000 ok 0.96 0.95-0.98 0.000 ok
Reg. in third trimester 1.04 1.00-1.07 0.039 * 0.91 0.88-0.94 0.000 ok
PHO registration ever 0.75  0.70-0.81 0.000 ok 0.85 0.78-0.92 0.000 ok
Reg. in first trimester | |
Access
Driver 0.82 0.81-0.83 <2e-16 ook 0.93 0.91-0.95 0.000 ok
Family
Child welfare service contact 1.40 1.37-1.44 <2e-16 ok 1.34 1.31-1.37 0.000 ok
Refugee 1.33 1.05-1.68 0.018 * 1.23 0.97-1.56 0.086
NZ resident 092  0.90-0.95 0.000 ok 1.02 0.99-1.05 0.113

OR: odds ratio; Cl: confidence interval; PHO: primary health organization; IPV: intimate partner violence.
"Adjusted for ethnicity, age, parity, location (rural/urban), educational level and deprivation.

Significance codes: ***p=0; *p <0.001; *p <0.01; p<0.05.
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