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Abstract

Introduction
The COVID-19 pandemic produced social inequities in health outcomes between and within nations.
Reported inequitable COVID-19 outcomes for ethnic minorities and indigenous peoples are likely
to be associated in part because of poorer socioeconomic circumstances experienced by these
populations. Understanding these associations within national populations is vital for future pandemic
management.

Objective
This study explores the social inequity of COVID-19 outcomes within New Zealand over the first
3 years of the pandemic. We aimed to identify policy amenable socioeconomic factors associated
with COVID-19 outcomes while adjusting for relevant individual factors and household structure.
We also aimed to examine whether ethnic group differences are smaller when accounting for these
socioeconomic factors and household structure.

Methods
Administrative individual-level data for the New Zealand population was analysed to assess COVID-19
health outcomes during 2020 – 2023. The association between individual (e.g. age, ethnicity, disability
status), household structure (e.g. household composition) and socioeconomic (e.g. crowding, housing
quality, deprivation) factors and four COVID-19 health outcomes – infection, hospitalisation,
mortality, and vaccination status was assessed.

Results
Indigenous peoples and ethnic minorities experienced worse outcomes across most COVID-19
outcomes. Adjusting for household structure and socioeconomic factors reduced but did not eliminate
these inequities between ethnic groups. Housing issues including high housing mobility, poor quality
housing, and household crowding were associated with worse outcomes, as were disability status, no
primary health care enrolment, lower household income and older age. The size of these effects also
differed for different health outcomes.

Conclusions
Ethnic inequity was persistent and likely partly explained by policy-modifiable social factors, despite
the relatively minor population health impacts of COVID-19 in New Zealand. We also demonstrate
how a range of socioeconomic determinants predict COVID-19 outcomes in different ways.
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Highlights

• Whole-population administrative data analysis of a wide
range of Covid-19 outcomes and determinants in New
Zealand.

• Ethnic group inequity was identified despite the
relatively limited population impact of Covid-19 in New
Zealand.

• Policy modifiable socioeconomic factors are widely
predictive of Covid-19 health outcomes.

• Accounting for socioeconomic but not household
structure factors reduced ethnic group differences in
health outcomes.

Introduction

Understanding who in a population is most likely to
contract COVID-19 and experience poorer health outcomes
is important for managing pandemic response and minimising
impact. Studies into individual risk factors have consistently
identified factors such as older age and health comorbidities
as increasing the risk of severe COVID-19 infection and
mortality [1–3]. The potential for inequitable ethnic outcomes
during the COVID-19 pandemic were also clearly identified
early on. Despite early policy recommendations to protect
indigenous populations [4], ethnic inequities have been widely
reported during the pandemic. Inequitable outcomes for
indigenous populations have also been identified, but they
have been more difficult to and rarely assessed due to a lack
of available high-quality data [5, 6]. Ethnic minorities within
and between nations are generally more likely to be infected
with COVID-19, experience greater severity of infection, and
higher mortality rates compared to their ethnic majority
counterparts [7–12].

Even seemingly successful national COVID-19 pandemic
strategies have not addressed and prevented ethnic inequities
in outcomes. New Zealand’s COVID-19 response was
accompanied by negative excess mortality across the whole
population during 2020-2021 [13]. Yet ethnic inequities
in COVID-19 outcomes occurred despite available and
longstanding evidence of ethnic inequity in morbidity [14],
ethnic inequity during prior pandemics [15, 16], and early
warnings during the COVID-19 pandemic that Māori and
Pacific peoples would be at increased risk [17, 18]. Initial local
transmission of COVID-19 in New Zealand mostly involved
Pacific populations [19]. Early pandemic data confirmed Māori
and Pacific peoples had a higher infection rate and a higher
hospitalisation rate relative to other New Zealanders [20, 21].
Despite this, Māori and Pacific peoples tended to have poorer
spatial access to vaccination centres [22]. This inequity has
since been the subject of a government commission of inquiry
which identified several failings by the government COVID-19
response to protect Māori [23].

Individual factors in COVID-19 outcomes such as ethnicity
are important to assess as they can inform interventions
to minimise impact and inequity. However, socioeconomic
circumstances such as deprivation, crowded households and
poor-quality housing are also highly relevant to health

outcomes [24] and help to explain ethnic group differences
in COVID-19 outcomes [12, 13, 25–27]. Geographic areas
with lower socioeconomic status scores in Santiago, Chile,
experienced higher death rates [28], while areas with poorer
housing conditions and overcrowding had higher COVID-19
incidence and mortality [29–31]. Household structure may also
play a role in increased household transmission [24, 32]. For
example, living in intergenerational households (such as elderly
living with children) has been associated with more suspected
COVID-19 cases within an area [31] and a higher risk of
mortality among the elderly [33]. Transmission is greater in
larger households [34], and severe COVID-19 infection more
common in both larger and single person households [35].

Incorporating socioeconomic and household structure
factors into COVID-19 outcome models is also important
because unlike many individual factors, factors such as
housing quality and crowding are policy amenable. However,
comprehensive, large-scale analysis of COVID-19 health
outcomes among populations is challenging because it requires
high quality data at the individual level on both COVID-19
outcomes (e.g. cases, hospitalisations, deaths, vaccinations),
and relevant demographic and socioeconomic data that can be
linked to the people experiencing these outcomes. In this study
we overcome these challenges and examine multiple COVID-
19 health outcomes in New Zealand using whole population
administrative data.

The New Zealand context provides an ideal environment
for studying COVID-19 outcomes due to the combination of
our isolation, single level of government, service provision,
and high quality, whole nation linked administrative data. The
closure of the border to non-citizens and residents for most
of the early pandemic (to July 2022) means transmission
of and outcomes for COVID-19 were largely due to local
conditions and decision making (rather than policy decisions by
neighbouring nations). There was a single uniform pandemic
strategy for the entire nation, (although different regions were
in lockdown at different points in time). Universal access to
public healthcare makes it more likely that people with more
severe infection would present to hospitals with admission and
outcomes recorded in official statistics.

High quality official data is available on COVID-19
test results (supervised PCR tests), vaccination records,
and hospitalisations and deaths, with mandatory recording
of hospital admissions and registrations of death. This
data is available alongside linked de-identified administrative
microdata in Stats NZ’s Integrated Data Infrastructure
(IDI), [36]. This study draws on a wide range of administrative
data sources in the IDI to assess factors relevant to COVID-19
infection and health outcomes at the individual-level for the
entire New Zealand population. Our assessment of multiple
outcomes and relevant factors in unified models within a
consistent population is a novel addition to previous studies
that focused on limited factors at once, area-level associations,
or non-administrative data sources.

This study examines the association between four
COVID-19 outcomes (testing positive, hospitalisation, death,
and vaccination status) and individual factors (Māori and
Pacific ethnicity, age, sex, disability status, and enrolment
with a primary healthcare provider), household structure
(intergenerational living, household composition, and the
presence of a child under the age of 5), and policy amenable
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socioeconomic factors (area level deprivation index score,
household income, household crowding, housing quality, and
housing mobility) in New Zealand using the IDI. We aimed
to identify policy amenable socioeconomic factors associated
with COVID-19 outcomes while adjusting for individual factors
and household structure. We also aimed to observe whether
ethnic group differences in COVID-19 outcomes are smaller
when accounting for these policy amenable socioeconomic
factors and household structure.

Method

Data and study population

This work uses a collection of de-identified administrative
microdata from various government agencies in the IDI.
Data was sourced from the 2018 Census, Ministry of Health
(MOH), and core data derived by Stats NZ, including address
notifications. Figure 1 demonstrates the data joining process
to obtain the variables for the analyses. Because the 2018
Census provided most of the data for predictor variables, we
used the 2018 Census Usually Resident Population (URP) as
our population of interest. This population was determined
by the 2018 Census of Population and Dwellings held
on 6 March 2018, and consists of 4,699,755 individuals
who usually live in New Zealand and were present in the
country on Census night, excluding visitors from overseas
and residents temporarily overseas. The 2018 Census counted
97.4% of people usually resident in New Zealand on
census night based on a combination of individual form
completions, household listings, and administrative data
enumerations. More information on the 2018 Census and

demographic details of the 2018 URP can be found at
https://www.stats.govt.nz/2018-census/.

Not everyone in the 2018 URP had the required data
to be included in our analyses. Specifically, among the 2018
URP, 1,851,537 individuals had COVID-19 testing data (i.e.
had taken at least one COVID-19 test) by 16 February
2022, of which 1,333,944 had complete data for the analysis.
For assessing hospitalisations, 983,709 individuals had tested
positive for COVID-19 by 2 June 2022 of which 697,614
had complete data on independent variables and had not
died within one month of a positive test without a record of
hospitalisation (567 people). For assessing deaths, 1,754,076
had tested positive by 14 February 2023, of which 1,314,810
had complete data on independent variables. In addition,
after excluding those who had died (111,297) or left New
Zealand without return (161,211) by 10 May 2023 and were
not fully vaccinated, 4,427,844 people had a vaccination
status. Demographic details of each analysis sample, and
corresponding details in the total 2018 Census URP are
displayed in Table 1. Sample and total URP demographics were
comparable, but our samples had a slightly higher proportion
of women and, depending on the sample, a lower proportion
of Māori and Pacific peoples.

Measures

COVID-19 Outcome variables

COVID-19 test result

The COVID-19 test result variable included all COVID-19 tests
from 30 April 2020 up to 16 February 2022 in New Zealand

Figure 1: Summary of data joining steps for variables in the Integrated Data Infrastructure (IDI)
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Table 1: Final analysis sample sizes and demographics compared to the full 2018 Census Usually Resident Population

Test Hospitalisation Death Full vs. no Full vs. partial Partial vs. no 2018 Census
result vaccination vaccination vaccination URP

Analysis sample size 1,333,944 697,614 1,314,810 3,060,945 2,810,535 359,766 –
Age (mean) 39.3 32.6 37.3 41.4 41.6 32.1 37.4
Women (%) 54.6% 54.9% 55.2% 52.1% 51.9% 52.1% 50.6%
Māori (%) 14.1% 16.5% 13.4% 12.9% 12.3% 21.2% 16.5%
Pacific (%) 7.7% 8.9% 6.2% 5.5% 5.4% 8.1% 8.1%

Note. URP=Usually Resident Population. For information on the 2018 Census URP see https://www.stats.govt.nz/tools/2018-
census-place-summaries/new-zealand.

MOH records and was recorded as whether someone had never
(0) or ever (1) recorded a positive COVID-19 test. The cut-off
date was used as unsupervised self-testing commenced after
this (test results may not be officially recorded beyond this
point).

COVID-19 hospitalisation

COVID-19 hospitalisations were defined as whether someone
had never (0) or ever (1) been hospitalised for COVID-19 (with
any COVID-19 related ICD-10-AM code) within one month of
a positive COVID-19 test, for positive tests up to 02 June
2022. This cut off point was required as hospitalisation data
supplied by the MOH is only available up to 30 June 2022
in the March 2023 IDI refresh (thus, assessing hospitalisation
outcomes for tests beyond this point was not possible).

COVID-19 death

COVID-19 deaths were defined as whether someone did not
(0) or did (1) die within one month of a reported positive
COVID-19 test result, for test results up to 14 February 2023.
The February 2023 cut off point was chosen and required as
MOH death records were available up to March 2023. Officially
confirmed cause of death was unavailable in the IDI beyond
2018, so these deaths represent attributed, but not confirmed,
COVID-19 related deaths. This coding approach is consistent
with the MOH [37].

COVID-19 vaccination status

Vaccination status used codes provided directly from the MOH
Covid Immunisation Register for whether someone was fully
vaccinated (1) or partially vaccinated (2) up to 10 May 2023,
the latest date of available records in the IDI. Individuals who
did not have a vaccination record in the MOH data (and
who had not left the country or died by 10 May 2023) were
assumed to be unvaccinated (0). Vaccination eligibility varied
by time and age group during New Zealand’s initial vaccination
program. Eligibility for vaccine doses (e.g. based on age) is
accounted for within MOH vaccination status records [38].

Household structure variables

Household composition was obtained through the 2018 Census
and coded into the following categories: one-family household,
two or more family household, other multi-person household,
and one-person household.

Extended family types were obtained from the 2018
Census, and coded as either living with three or more
generations of extended family (e.g. couple with children and
grandchildren, or grandparents and grandchildren; coded 1) or
not (coded 0).

The presence of a child under 5 was based on the age of
the youngest child in a family/household in the 2018 Census.
A code of 0 indicates no child under 5 was present, and a code
of 1 indicates a child under 5 was present. Note that because
COVID-19 outcomes occurred during 2020 – 2023, children
will be under the age of 10 in a household at the time the
COVID-19 outcome occurred. As such, the variable captures
a 0 – 5-year-old cohort at the time of the 2018 Census, but will
miss children born after the 2018 Census, and may therefore
underestimate the effect of the presence of a child under 5.

Socioeconomic variables

Household crowding was coded from the 2018 Census variable
used by Stats NZ, based on the Canadian National Occupancy
Standard [39]. Those not needing additional bedrooms were
coded 0 (not crowded), and those needing one or more
additional bedrooms coded 1 (crowded).

Housing quality was derived from the dwelling dampness
and mould variables in the 2018 Census. A code of 1 represents
a dwelling always damp or that always had mould over A4 in
size, and a code of 0 represents the presence of dampness or
mould sometimes or never.

Jensen Equivalised household income was obtained from
the 2018 Census but converted to $10,000 units for ease
of interpreting regression coefficients (each unit increase in
income corresponds to $10,000).

Residential mobility was derived as a count of the number
of unique property IDs recorded for each individual during 2018
– 2019 (prior to the pandemic) in the address notification
table. This data table contains a list of residential addresses
reported for an individual obtained through their interaction
with various government agencies, collated by Stats NZ.
Individuals without a record in the address notification table
during this period were coded as 0. Residential mobility was
then categorised as no moves or one move (0; low mobility),
two or three moves (1; medium mobility) or 4 or more moves
(2; high mobility) during the two-year period.

The 2018 New Zealand deprivation index was used from
the 2018 Census, and ranges from 1 (least deprived) to
10 (most deprived). This is a small area-level measure of
deprivation based on characteristics such as the proportion
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of people in that area with no home internet access, people
aged 18 – 64 without any qualifications, and people not living
in their own home [40].

Individual predictor variables

Age in years, birth month and year, and sex (0=men,
1=women) were obtained from the 2018 Census. Age in years
at the 2018 Census was used for the regression models but was
divided by 10 to better convey the effect size for age in the
results. Thus, each unit increase corresponds to each 10-year
increase in age.

Māori ethnicity was coded for those recorded as Māori
only or Māori and at least one other ethnic group in the
2018 Census (scored 1, non-Māori= 0). Pacific ethnicity was
similarly coded 1 for those who were recorded as sole Pacific or
Pacific and at least one other ethnic group (non-Pacific= 0).
The comparison group for the ethnicity variables are non-
Māori and non-Pacific peoples respectively (predominantly NZ
European).

Disability status (0= no, 1= yes) was from 2018 Census
responses to the Washington Group Short Set, and coded as
having a lot of difficulty or being unable to do one or more
of six activities (seeing, hearing, walking or climbing steps,
remembering or concentrating, washing all over or dressing,
communicating).

Primary health organisation (PHO) enrolment was derived
based on National Enrolment Service (NES) records as an
indicator variable (not enrolled= 0, enrolled= 1) based on any
active enrolment during 2020 (for COVID-19 testing outcome,
hospitalisation, and death regressions), or based on enrolment
status in the month prior (July 2021) to the start of the
vaccination rollout for the general population.

Analytic approach

Logistic regression models were used to analyse positive
COVID-19 tests (ever testing positive vs. never testing
positive), COVID-19 hospitalisations (being hospitalised
within one-month of a positive test vs. not being hospitalised),
COVID-19 deaths (death within one-month of a positive
test vs. no death), and vaccination status (being fully
vaccinated vs. not vaccinated, partially vaccinated vs. not
vaccinated, and partially vaccinated vs. fully vaccinated).
Because the data consists of people within households
experiencing similar circumstances, we used Generalised
Estimating Equations [41] with household as the cluster
variable to account for potential non-independence in model
residuals. The main full models are presented first, and then
compared to models with only individual, and only individual
and household structure variables entered. This allowed for an
initial descriptive assessment of whether household structure
and socioeconomic factors might partially explain (reduce)
ethnic group differences in outcomes.

Results

Unadjusted risk of COVID-19 outcomes

Of the 1,851,537 people in the 2018 Census URP who had
ever recorded a COVID-19 test result up to 16 February 2022,

16,896 (1%) tested positive. Of the 983,709 who had ever
tested positive, up to 02 June 2022, 10,404 (1.1%) had been
subsequently hospitalised within one month. Finally, of the
1,754,076 who had ever tested positive up to 14 February
2023, 3,489 (0.2%) had subsequently died within one month.
The overall risk of hospitalisation or death within one month
of a positive COVID-19 test was therefore low, as was the
positive test rate for the first two years of the pandemic.

In terms of vaccinations, when excluding those who
migrated or died before 10 May 2023, 81.4% (3,603,495) were
fully vaccinated for COVID-19, 3.0% (133,434) were partially
vaccinated, and 15.6% (690,918) were unvaccinated, as of 10
May 2023.

COVID-19 infection outcomes

Demographic and socioeconomic factors were widely predictive
of COVID-19 infection outcomes (Table 2). Māori had 1.17
times (95% CI= 1.08–1.26) the odds of non-Māori, and Pacific
peoples 1.93 times (95% CI= 1.76–2.12) the odds of non-
Pacific people of testing positive. People with a disability had
lower odds of testing positive (OR= 0.85, 95% CI= 0.74–
0.97).

Living with a child under 5 (OR= 1.16, 95% CI= 1.08–
1.25) or with three or more generations of extended family
(OR= 1.18, 95% CI= 1.04–1.34) were associated with greater
odds of testing positive. Those living alone had lower
odds of testing positive than those living in a single-family
household (OR= 0.76, (95% CI= 0.66–0.86). Those living
in a more deprived area had higher odds (OR =1.10, 95%
CI= 1.08–1.11) and those with a higher household income
had lower odds (OR= 0.99, 95% CI= 0.98–1.00) of testing
positive. Those with high residential mobility, relative to low
mobility, had 1.47 times greater odds of testing positive (95%
CI= 1.27–1.71), while those living in crowded households
had 1.59 times greater odds (95% CI= 1.45–1.74) and those
living in poorer quality housing 1.19 times greater odds (95%
CI= 1.08–1.32).

Comparison regression models show the ethnic group
differences were stronger when only individual factors were
entered into the models (for Māori, OR= 1.28; for Pacific
peoples, OR= 2.21; Supplementary Table 1) but these were
unchanged when including household structure variables
(Supplementary Table 2). This indicates that it was the
inclusion of the socioeconomic variables specifically that
reduced the point-estimate of ethnic group differences in odds
of testing positive.

For hospitalisations (centre columns of Table 2), Māori
had 1.19 (95% CI= 1.11–1.27) and Pacific peoples 1.55 (95%
CI= 1.41–1.66) times the odds of non-Māori and non-Pacific
peoples respectively of being hospitalised following a positive
COVID-19 test. Those enrolled with a PHO had higher odds
of being hospitalised (OR= 1.72, 95% CI= 1.38–2.13) and
those with a disability had 2.37 times greater odds of being
hospitalised (95% CI= 2.20–2.55). Those living alone had
higher odds of being hospitalised than those living with a single
family (OR= 1.30, 95% CI= 1.20–1.41).

In contrast to household structure, socioeconomic factors
were widely associated with hospitalisation status. Those
in a more deprived area had greater odds (OR= 1.04,
95% CI= 1.03–1.05), and those with greater household
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Table 2: Individual, household structure, and socioeconomic predictors of COVID-19 infection outcomes

Positive covid test Hospitalisation following Death following positive test
(vs. negative covid test) positive test (vs. not hospitalised) (vs. no death) for positive

for tests to 16 February 2022 for positive tests to 02 June 2022 tests to 14 February 2023
Odds 95% CI 95% CI

p
Odds 95% CI 95% CI

p
Odds 95% CI 95% CI

pratio Lower Upper ratio Lower Upper ratio Lower Upper

Māori Ethnicity (0 no, 1 yes) 1.17 1.08 1.26 <.001 1.19 1.11 1.27 <.001 1.31 1.12 1.52 .001
Pacific Ethnicity (0 no, 1 yes) 1.93 1.76 2.12 <.001 1.53 1.41 1.66 <.001 1.25 0.99 1.57 .059
Sex (0 women, 1 men) 1.01 0.96 1.06 .717 0.82 0.78 0.86 <.001 1.77 1.63 1.93 <.001
Age 0.91 0.89 0.92 <.001 1.49 1.46 1.51 <.001 3.25 3.11 3.39 <.001
PHO enrolment (0 no, 1 yes) 0.77 0.66 0.89 .001 1.72 1.38 2.13 <.001 0.58 0.38 0.89 .012
Disability status (0 no, 1 yes) 0.85 0.74 0.97 .020 2.37 2.20 2.55 <.001 2.15 1.95 2.38 <.001
Child under 5 (0 no, 1 yes) 1.16 1.08 1.25 <.001 0.90 0.84 0.97 .003 0.91 0.71 1.18 .487
Extended family (0 no, 1 yes) 1.18 1.04 1.34 .009 1.15 1.03 1.28 .010 1.32 1.06 1.63 .012

Household compositiona

Two or more families 1.13 1.00 1.28 .048 1.08 0.96 1.20 .188 1.08 0.85 1.38 .504
Multi-person 0.90 0.79 1.02 .111 1.11 0.98 1.26 .116 1.29 1.01 1.65 .042
One person 0.76 0.66 0.86 <.001 1.30 1.20 1.41 <.001 1.24 1.12 1.38 <.001
Deprivation 1.10 1.08 1.11 <.001 1.04 1.03 1.05 <.001 1.04 1.02 1.06 <.001
Household income 0.99 0.98 1.00 .001 0.95 0.94 0.95 <.001 0.94 0.93 0.95 <.001

Residential mobilityb

Medium 1.10 1.02 1.17 .010 1.17 1.10 1.24 <.001 1.05 0.94 1.16 .395
High 1.47 1.27 1.71 <.001 1.91 1.68 2.16 <.001 1.68 1.30 2.18 <.001
Household crowding (0 no, 1 yes) 1.59 1.45 1.74 <.001 1.20 1.10 1.31 <.001 1.10 0.86 1.39 .447
Housing quality (0 never or
sometimes damp or mould, 1
always)

1.19 1.08 1.32 <.001 1.25 1.15 1.37 <.001 1.10 0.87 1.38 .440

Note. N(test outcome)= 1,333,944, N(hospitalisation outcome)= 697,614. N(death outcome)= 1,314,810. ∗ p< .05, ∗∗p< .01,
∗∗∗p< .001. aReference category is those in single family households. bReference category is those with low mobility.

incomes had lower odds (OR= 0.95, 95% CI= 0.94–0.95)
of hospitalisation. Individuals with high residential mobility
had 1.91 times greater odds of being hospitalised (95%
CI= 1.68–2.16) than those with low mobility. Finally, both
household crowding (OR= 1.20, 95% CI= 1.10–1.31) and
poorer housing quality (OR= 1.25, 95% CI= 1.15–1.37) were
each associated with greater odds of being hospitalised.

Alternative models that included individual factors
alone indicated larger ethnic group differences in odds
of hospitalisation (Māori OR= 1.43, Pacific OR= 1.98;
Supplementary Table 1), compared to the full model. These
effects did not reduce with the inclusion of household structure
variables alone (Supplementary Table 2). This indicates that it
was the inclusion of socioeconomic variables specifically that
reduced the point-estimate of ethnic group differences in odds
of hospitalisation. This could indicate that the socioeconomic
variables examined here could better explain the ethnic group
differences than the household structure variables examined.

Finally, model results for death following a positive COVID-
19 test are displayed on the right-hand side of Table 2.
Māori had 1.31 times (95% CI= 1.12–1.52) the odds of
non-Māori of dying following a positive COVID-19 test.
Those with a disability had 2.15 times greater odds of
death (95% CI= 1.95–2.38) while those enrolled with a
PHO had lower odds (OR= 0.58, 95% CI= 0.38–0.89). Men
had 1.77 times greater odds of death than women (95%
CI= 1.63–1.93). In terms of household structure variables,
those living in a one-person household had higher odds of
dying than those in a single-family household (OR= 1.24,
95% CI= 1.12–1.38). Those living in a multi-person household

(OR= 1.29, 95% CI= 1.01–1.65) and those living with three
or more generations of family (OR= 1.32, 95% CI= 1.06–
1.63) also had higher odds of dying, although there was more
uncertainty around these estimates.

Higher area level deprivation (OR= 1.04, 95% CI= 1.02–
1.06) was associated with greater odds, and higher household
income (OR= 0.94, 95% CI= 0.93–0.95) was associated with
lower odds of dying following a positive COVID-19 test. Those
highly mobile (OR= 1.68, 95% CI= 1.30–2.18) had higher
odds of dying relative to those low in residential mobility,
while the remaining socioeconomic variables were generally
unassociated with COVID-19 mortality.

The comparison model with only individual factors entered
again shows larger odds ratio effect sizes for Māori (OR= 1.54)
and Pacific (OR= 1.58) ethnicity (Supplementary Table 1).
There was little reduction in the effect sizes with the addition
of household structure variables in the model (Supplementary
Table 2), but a noticeable reduction with the addition
of socioeconomic variables. This again might suggest that
the policy amenable socioeconomic factors included here
could partially explain ethnic group differences in COVID-19
infection outcomes.

COVID-19 vaccination status

Results of the regression models for different COVID-19
vaccination status are presented in Table 3, with reduced
models including only individual, or individual and household
structure variables, presented in the Supplementary Tables 3,
4. Māori had lower odds than non-Māori of being fully vs.
partially vaccinated (OR= 0.77, 95% CI= 0.75–0.78), fully vs.
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Table 3: Individual, household structure, and socioeconomic predictors of vaccination status as at 10 May 2023

Fully vaccinated Fully vaccinated Partially vaccinated
(vs. Partially vaccinated) (vs. Not vaccinated) (vs. Not vaccinated)

Odds 95% CI 95% CI
p

Odds 95% CI 95% CI
p

Odds 95% CI 95% CI
pratio Lower Upper ratio Lower Upper ratio Lower Upper

Māori Ethnicity (0 no, 1 yes) 0.77 0.75 0.78 <.001 0.76 0.75 0.77 <.001 0.90 0.88 0.93 < .001
Pacific Ethnicity (0 no, 1 yes) 1.02 0.99 1.06 .164 0.96 0.94 0.98 <.001 1.07 1.03 1.11 .001
Sex (0 women, 1 men) 0.90 0.89 0.92 <.001 1.19 1.18 1.20 <.001 1.06 1.04 1.08 <.001
Age 2.77 2.73 2.81 <.001 1.13 1.13 1.14 <.001 0.64 0.64 0.65 <.001
PHO enrolment (0 no, 1 yes) 0.97 0.93 1.01 .118 11.63 11.50 11.77 <.001 6.85 6.59 7.11 <.001
Disability status (0 no, 1 yes) 0.76 0.72 0.79 <.001 0.74 0.73 0.75 <.001 1.09 1.04 1.15 <.001
Child under 5 (0 no, 1 yes) 0.43 0.42 0.44 <.001 0.66 0.65 0.67 <.001 1.04 1.02 1.07 <.001
Extended family (0 no, 1 yes) 0.93 0.90 0.97 .001 0.86 0.84 0.88 <.001 1.14 1.09 1.19 <.001

Household compositiona

Two or more families 1.07 1.02 1.12 .003 1.10 1.07 1.13 <.001 0.95 0.90 1.00 .032
Multi-person 2.00 1.85 2.17 <.001 1.40 1.36 1.43 <.001 0.63 0.58 0.68 <.001
One person 0.35 0.33 0.37 <.001 0.87 0.85 0.88 <.001 1.04 0.97 1.10 .259
Deprivation 0.98 0.98 0.98 <.001 0.99 0.98 0.99 <.001 0.99 0.98 0.99 <.001
Household income 1.04 1.04 1.04 <.001 1.05 1.05 1.05 <.001 1.02 1.02 1.02 <.001

Residential mobilityb

Medium 1.12 1.09 1.14 <.001 1.22 1.21 1.23 <.001 0.91 0.89 0.93 <.001
High 1.06 1.00 1.12 .038 1.12 1.08 1.15 <.001 0.85 0.80 0.90 <.001
Household crowding (0 no, 1
yes)

1.03 1.00 1.06 .043 1.06 1.03 1.08 <.001 0.98 0.95 1.02 .310

Housing quality (0 never or
sometimes damp or mould, 1
always)

0.97 0.93 1.00 .052 0.86 0.85 0.88 <.001 0.94 0.90 0.98 .002

Note. N(Fully vs. partially)= 2,810,535. N(Fully vs. none)= 3,060,945. N(Partially vs. none)= 359,766. ∗p< .05, ∗∗ p <.01,
∗∗∗ p< .001.aReference category is those in single family households.bReference category is those with low mobility.

not vaccinated (OR= 0.76, 95% CI= 0.75–0.77), and partially
vs. not vaccinated (OR= 0.90, 95% CI= 0.88–0.93). The
pattern in inequity was different for Pacific peoples, who did
not differ from non-Pacific people in being fully vs. partially
vaccinated (OR= 1.02, p= .164), and only slightly lower
odds of being fully vaccinated vs. not vaccinated (OR= 0.96,
95% CI= 0.94–0.98). They also had slightly higher odds
than non-Pacific peoples of being partially vs. not vaccinated
(OR= 1.07, 95% CI= 1.03– 1.11). Thus, by May 2023, Pacific
peoples, relative to non-Pacific, generally had higher odds of
having started the vaccination process but slightly lower odds
of having finished the vaccination process (i.e. being fully
vaccinated).

Age (each additional 10-years of age) was particularly
strongly associated with greater odds of being fully vs. partially
vaccinated (OR= 2.77, 95% CI= 2.73–2.81), but lower
odds of being partially vs. not vaccinated (OR= 0.64, 95%
CI= 0.64–0.65). There was a strong effect of PHO enrolment,
such that those enrolled with a PHO had 11.63 times greater
odds of being fully vs. not vaccinated (95% CI= 11.50–
11.77) and 6.85 times greater odds of being partially vs.
not vaccinated (95% CI= 6.59–7.11), but enrolment status
was unassociated with being fully vs. partially vaccinated
(OR= 0.97, 95% CI= 0.93–1.01).

Living with a child under the age of 5 was associated
with lower odds of being fully vs. partially (OR= 0.43,
95% CI= 0.42–0.44) or not vaccinated (OR= 0.66, 95%
CI= 0.65–0.67), and slightly higher odds of being partially vs.
not vaccinated (OR= 1.04, 95% CI= 1.02–1.07). This same

pattern of effects was found for living with extended family
(p< .001). Living in multi-person households, relative to living
in a single-family household, was associated with greater odds
of being fully vaccinated, and lower odds of being partially vs.
not vaccinated (p’s< .001), and greater odds of being fully
vs. partially vaccinated (OR= 2.0, 95% CI= 1.85–2.17). By
contrast, living alone was associated with lower odds of being
fully vs. partially (OR= 0.35, 95% CI= 0.33–0.37) and not
vaccinated (OR= 0.87, 95% CI= 0.85–0.88).

Area level deprivation was associated with lower odds,
and household income higher odds, of being vaccinated
(p’s< .001). Those with medium (OR= 1.12, 95% CI= 1.09–
1.14) or high mobility (OR= 1.06, 95% CI= 1.00–1.12),
had higher odds of being fully vs. partially vaccinated, and
lower odds of being partially vs. not vaccinated (OR= 0.91,
95% CI= 0.89–0.93 and OR= 0.85, 95% CI= 0.80–0.90,
respectively). Medium and high mobility was associated
with slightly greater odds, of being fully vs. not vaccinated
(p’s< .001). Many of these effects were small however, and
statistical significance may reflect the large sample size but
not necessarily meaningful effects.

Discussion

This study demonstrates the presence of inequity even in
a country where the overall transmission and impact of
COVID-19 was low relative to other nations [13]. Inequities
for indigenous (Māori) and ethnic minority (Pacific) groups
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in New Zealand were widespread–with Māori and Pacific
peoples being more likely to test positive, be hospitalised,
and die following positive test results, but generally less
likely to be fully vaccinated. Several other variables were
predictive of worse outcomes, including disability status (being
disabled), high residential mobility, and living in crowded
and low-quality housing. Active enrolment with a primary
health organisation was a particularly strong predictor of at
least partial vaccination. Overall, ethnic group differences in
COVID-19 outcomes were smaller when accounting for policy
amenable socioeconomic factors.

After adjusting for a range of household structure and
socioeconomic variables, Māori remained at 1.2–1.3 times
greater odds than non-Māori, and Pacific peoples at 1.3–1.9
times greater odds than non-Pacific peoples of testing positive,
being hospitalised, and dying following a positive COVID-19
test. As both Māori and Pacific are at higher risk of worse
outcomes, these differences would likely be greater if using
a non-Māori/non-Pacific comparison group. This reinforces
the need for proactive efforts at the start of a pandemic to
prevent the worst outcomes being experienced by indigenous
and ethnic minority groups. Official testing data indicate
high levels of testing uptake by Māori and Pacific peoples
in some age groups [37]. This initial engagement with the
COVID-19 response did not translate into correspondingly
higher vaccination rates. Although differences were small,
vaccination status was assessed at May 2023, nearly two years
after the widespread availability of the COVID-19 vaccine
in New Zealand. Future research could map out the time
course of inequity throughout the pandemic, such as assessing
vaccination rates at different points of time (e.g. 2 months, 6
months, 1 year on from their availability).

Those with a disability had 2.3 and 2.2 times the odds
of hospitalisation and death than those without a disability,
consistent with past research [42]. The effects are notable
given disability status was broadly measured in the Census
(i.e. having difficulty seeing, hearing, walking or climbing
steps, remembering or concentrating, washing all over or
dressing, communicating). Stronger effects may have been
found for more specific measures of disabilities (e.g. respiratory
problems). Yet this also points to more nuanced ways in
which people can be more susceptible to worse outcomes.
For example, disabled people may have greater difficulty in
accessing medical help [43].

In terms of vaccination status, not having an active
enrolment with a primary health organisation (i.e. general
practice) immediately prior to the vaccination rollout was
particularly strongly associated with being unvaccinated. This
is notable as the COVID-19 vaccine was freely available in
New Zealand during the study period at many non-primary
healthcare locations, including pharmacies, local community
centres, school and sports facilities. This finding suggests those
unenrolled are disconnected from and unlikely to engage with
the health system. As such, administrative data on primary
healthcare enrolment could be a vital tool for identifying and
developing interventions for hard-to-reach populations.

Strengths and limitations

Socioeconomic issues such as high residential mobility,
household crowding, and poor-quality housing were associated
with worse COVID-19 outcomes. These effects are important
as they could partly explain ethnic group differences in
COVID-19 outcomes and are policy amenable. Although ethnic
group differences remained after accounting for these factors,
it is important to note that we focused on adjusting for
policy amenable factors that were measured and available
in data sources in the IDI. There are likely other relevant
factors not measured in this study, such as distance to
vaccination sites [22] that, if adjusted for, could alter (either
increase or decrease) the associations documented in this
study. Future work could build on this initial examination
by applying formally hypothesised causal models, including
mediation models to study specific causal pathways to COVID-
19 outcomes. We also did not test for non-linear effects (for
age, income, and deprivation for example). Therefore, our
analyses likely miss some nuance in the way these variables are
associated with COVID-19 outcomes. For example, the odds
of hospitalisation may be relatively similar across younger ages
but increase more sharply in much older ages.

This study demonstrates strengths in using linked
administrative data to provide crucial pandemic insights,
particularly with the availability of high-quality data on
COVID-19 health outcomes and relevant demographic and
socioeconomic variables. Data quality here was facilitated
through mandatory reporting requirements in New Zealand for
hospitalisations and deaths, and complete initial reporting of
supervised PCR COVID-19 test results. We limited our testing
outcome variable to these records, however hospitalisation and
death outcomes also made use of self-reported positive RAT
results. Thus, there may be some underreporting of positive
tests without subsequent hospitalisations or deaths. However,
some deaths may also be underreported, particularly given
cause of death information was unavailable in the IDI beyond
2018.

The availability of linked 2018 Census data, which was
conducted relatively close to the start of the pandemic, was
also an important and high-quality source of demographic
and socioeconomic data. Nonetheless, limitations with using
2018 Census data remain. It is possible that household
characteristics had changed between measurement at the
Census in 2018 and the start of the pandemic, which will add
error to estimates for household effects. Moreover, it means
our models miss COVID-19 outcomes for those not included
in the 2018 Census, such as more recent births and migrants,
those overseas on census night, and groups undercounted by
the census (i.e. Māori and Pacific people) [44]. As this study
is retrospective it is informative for ongoing management of
COVID-19 and other existing and new health issues. However,
greater resourcing could allow such analyses to be conducted
near real-time during early and critical periods of a pandemic.

Conclusion

This study demonstrates social inequities present in diverse
COVID-19 outcomes in New Zealand–a nation with COVID-19
pandemic outcomes that have been compared very favourably
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at the international level. In our whole population analysis
we identified several groups, including Māori, Pacific peoples,
those with a disability, and those experiencing poor housing
conditions (including crowded, low-quality housing, and high
residential mobility) who experienced worse health outcomes
during the first three years of the COVID-19 pandemic.
Results suggest socioeconomic circumstances such as housing
conditions may partially explain ethnic group differences in
COVID-19 health outcomes. Moreover, the socioeconomic
variables assessed here are policy amenable, meaning current
and future inequitable health outcomes should not be treated
as inevitable or ignored. As the effects of these variables were
observed across a broad range of COVID-19 health outcomes,
they will be important to consider in current and future
pandemic management.
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Supplementary Appendices
The Supplementary Appendix contains reduced models that include only individual characteristics variables, and individual and
household structure variables, as predictors of COVID-19 infection outcomes (Supplementary Tables 1, 2) and vaccination status
(Supplementary Tables 3, 4).

Supplementary Table 1: Individual predictors of COVID-19 infection outcomes

Positive covid test Hospitalisation following Death following positive test
(vs. negative covid test) positive test (vs. not hospitalised) (vs. no death) for positive

for tests to 16 February 2022 for positive tests to 02 June 2022 tests to 14 February 2023
Odds 95% CI 95% CI

p
Odds 95% CI 95% CI

p
Odds 95% CI 95% CI

pratio Lower Upper ratio Lower Upper ratio Lower Upper

Māori Ethnicity (0 no, 1 yes) 1.28 1.16 1.41 <.001 1.43 1.34 1.53 <.001 1.54 1.33 1.79 <.001
Pacific Ethnicity (0 no, 1 yes) 2.21 1.95 2.50 <.001 1.98 1.84 2.14 <.001 1.58 1.28 1.95 <.001
Sex (0 women, 1 men) 0.99 0.94 1.06 .844 0.78 0.74 0.81 <.001 1.61 1.49 1.75 <.001
Age 0.90 0.88 0.92 <.001 1.50 1.48 1.53 <.001 3.57 3.43 3.72 <.001
PHO enrolment (0 no, 1 yes) 0.75 0.63 0.90 .002 1.59 1.28 1.97 <.001 0.55 0.36 0.84 .006
Disability status (0 no, 1 yes) 0.85 0.70 1.03 .092 2.90 2.69 3.12 <.001 2.38 2.15 2.63 <.001

Note. N(test outcome)= 1,333,944, N(hospitalisation outcome)= 697,614. N(death outcome)= 1,314,810. ∗p< .05, ∗∗p< .01,
∗∗∗p< .001.

Supplementary Table 2: Individual and household structure predictors of COVID-19 infection outcomes

Positive covid test Hospitalisation following Death following positive test
(vs. negative covid test) positive test (vs. not hospitalised) (vs. no death) for positive

for tests to 16 February 2022 for positive tests to 02 June 2022 tests to 14 February 2023
Odds 95% CI 95% CI

p
Odds 95% CI 95% CI

p
Odds 95% CI 95% CI

pratio Lower Upper ratio Lower Upper ratio Lower Upper

Māori Ethnicity (0 no, 1 yes) 1.28 1.17 1.39 <.001 1.40 1.31 1.49 <.001 1.49 1.28 1.73 <.001
Pacific Ethnicity (0 no, 1 yes) 2.22 1.99 2.47 <.001 1.93 1.79 2.09 <.001 1.51 1.22 1.88 <.001
Sex (0 women, 1 men) 1.00 0.95 1.05 .959 0.79 0.75 0.83 <.001 1.74 1.59 1.89 <.001
Age 0.90 0.89 0.92 <.001 1.47 1.45 1.50 <.001 3.45 3.31 3.60 <.001
PHO enrolment (0 no, 1 yes) 0.75 0.64 0.89 .001 1.64 1.32 2.04 <.001 0.58 0.38 0.88 .010
Disability status (0 no, 1 yes) 0.87 0.74 1.03 .103 2.80 2.60 3.01 <.001 2.34 2.12 2.59 <.001
Child under 5 (0 no, 1 yes) 1.30 1.21 1.40 <.001 0.99 0.92 1.06 .791 1.03 0.80 1.33 .835
Extended family (0 no, 1 yes) 1.39 1.20 1.60 <.001 1.25 1.13 1.39 <.001 1.30 1.06 1.60 .011

Household compositiona

Two or more families 1.24 1.08 1.42 .002 1.05 0.94 1.17 .417 1.02 0.81 1.29 .880
Multi-person 1.10 0.97 1.26 .133 1.33 1.18 1.51 <.001 1.43 1.12 1.83 .004
One person 0.83 0.73 0.95 .006 1.54 1.42 1.67 <.001 1.42 1.28 1.58 <.001

Note. N(test outcome)= 1,333,944, N(hospitalisation outcome)= 697,614. N(death outcome)= 1,314,810. ∗p< .05, ∗∗p< .01,
∗∗∗p< .001.
aReference category is those in single family households.

Supplementary Table 3: Individual predictors of vaccination status as at 10 May 2023

Fully vaccinated Fully vaccinated Partially vaccinated
(vs. Partially vaccinated) (vs. Not vaccinated) (vs. Not vaccinated)

Odds 95% CI 95% CI
p

Odds 95% CI 95% CI
p

Odds 95% CI 95% CI
pratio Lower Upper ratio Lower Upper ratio Lower Upper

Māori Ethnicity (0 no, 1 yes) 0.67 0.66 0.69 <.001 0.70 0.70 0.71 <.001 0.85 0.83 0.88 <.001
Pacific Ethnicity (0 no, 1 yes) 0.83 0.81 0.86 <.001 0.84 0.82 0.85 <.001 1.02 0.99 1.06 .214
Sex (0 women, 1 men) 0.92 0.91 0.94 <.001 1.20 1.19 1.21 <.001 1.06 1.04 1.08 <.001
Age 2.75 2.71 2.79 <.001 1.13 1.13 1.13 <.001 0.64 0.64 0.64 <.001
PHO enrolment (0 no, 1 yes) 0.97 0.93 1.00 .070 11.18 11.05 11.30 <.001 6.68 6.44 6.94 .057
Disability status (0 no, 1 yes) 0.71 0.68 0.74 <.001 0.69 0.68 0.70 <.001 1.05 1.00 1.10 <.001

Note. N(Fully vs. partially)= 2,810,535. N(Fully vs. none)= 3,060,945. N(Partially vs. none)= 359,766. ∗p< .05, ∗∗ p <.01,
∗∗∗ p< .001.
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Supplementary Table 4: Individual and household structure predictors of vaccination status as at 10 May 2023

Fully vaccinated Fully vaccinated Partially vaccinated
(vs. Partially vaccinated) (vs. Not vaccinated) (vs. Not vaccinated)

Odds 95% CI 95% CI
p

Odds 95% CI 95% CI
p

Odds 95% CI 95% CI
pratio Lower Upper ratio Lower Upper ratio Lower Upper

Māori Ethnicity 0.71 0.69 0.72 <.001 0.72 0.71 0.72 <.001 0.85 0.83 0.87 <.001
Pacific Ethnicity 0.92 0.89 0.95 <.001 0.87 0.85 0.89 <.001 1.01 0.97 1.04 .075
Sex (0 women, 1 men) 0.91 0.89 0.93 <.001 1.20 1.19 1.21 <.001 1.06 1.04 1.08 <.001
Age 2.79 2.75 2.83 <.001 1.13 1.12 1.13 <.001 0.64 0.64 0.65 <.001
PHO enrolment (0 no, 1 yes) 1.01 0.97 1.05 .798 11.60 11.47 11.74 <.001 6.60 6.36 6.86 <.001
Disability status (0 no, 1 yes) 0.70 0.67 0.74 <.001 0.69 0.68 0.70 <.001 1.05 1.00 1.10 .038
Child under 5 (0 no, 1 yes) 0.41 0.40 0.42 <.001 0.63 0.62 0.63 <.001 1.03 1.00 1.05 .026
Extended family (0 no, 1 yes) 0.91 0.87 0.95 <.001 0.81 0.79 0.83 <.001 1.12 1.07 1.17 <.001

Household compositiona

Two or more families 1.11 1.06 1.16 <.001 1.17 1.14 1.20 <.001 0.96 0.92 1.01 <.093
Multi-person 1.87 1.73 2.02 <.001 1.32 1.29 1.36 <.001 0.60 0.56 0.65 <.001
One person 0.32 0.31 0.34 <.001 0.77 0.76 0.79 <.001 0.99 0.93 1.05 .748

Note. N(Fully vs. partially)= 2,810,535. N(Fully vs. none)= 3,060,945. N(Partially vs. none)= 359,766. ∗p< .05, ∗∗ p <.01,
∗∗∗ p< .001.
aReference category is those in single family households.
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