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abstract
aim: To describe characteristics and outcomes of Māori and European patients admitted to New Zealand intensive care 
units (ICUs) between 2009 and 2018.
methods: A retrospectively designed prospective cohort study. New Zealand Ministry of Health National Minimum 
Dataset matched to the Australia New Zealand Intensive Care Society Centre for Outcome and Resource Evaluation 
Adult Patient Database. The primary outcome was day-180 mortality. Secondary outcomes were ICU mortality, hospi-
tal mortality, discharge to home, ICU length of stay, hospital length of stay and survival time. We report associations 
between Māori ethnicity and each outcome, with European as the reference category, using regression analyses to 
adjust sequentially for site, deprivation status, sex, year of admission, the Charlson comorbidity index, age, admission 
source and type, ICU admission diagnosis, ventilation status and illness severity based on physiological parameters. 
results: Māori admitted to ICU were on average 13 years younger than European patients. A total of 968 of 9,681 (10%) 
Māori and 2,732 of 42,871 (5.2%) European patients were admitted after trauma, and 740 of 9,681 (7.6%) and 2,318 of 
42,871 (4.4%) were admitted with sepsis respectively. A total of 1,550 of 9,681 (16.0%) Māori and 6,407 of 42,871 (14.9%) 
European patients died within 180 days of ICU admission; odds ratio (OR) 1.08; 95% CI, 1.02 to 1.15. When adjusted for 
age, the OR for day-180 mortality for Māori versus European patients increased substantially. The OR decreased after 
adjustment for admission source and type, and after accounting for Māori having a higher comorbidity index and more 
severe illness than European patients. In the final model, incorporating adjustment for all specified variables, Māori eth-
nicity was not associated with day-180 mortality (adjusted OR 1.01; 95%CI, 0.92 to 1.10). Findings were similar for all 
secondary outcomes.
conclusions: Compared to European patients, Māori were markedly more likely to be admitted to the ICU after trauma 
or with sepsis. Despite Māori being on average 13 years younger at ICU admission than their European counterparts, 
they had more co-morbidities, higher illness severity and a higher risk of dying within 180 days. 

Māori have worse health outcomes than 
their European counterparts.1–3 Ethnic 
inequalities which exist in Aotearoa 

New Zealand, particularly those between Māori 
and non-Māori, are reported consistently.4 Rea-
sons for these inequalities are multifactorial and 
complex, but likely reflect the consequences of 
colonisation that continue to affect Māori health.5 
There are differences in access to healthcare, and 
in the quality of healthcare delivery, for Māori 
compared to non-Māori.6 There are also differ-
ences in broader societal issues that affect health, 
including housing, education, employment and 
socioeconomic status.4 Despite such complexities, 
understanding the nature of inequalities within 

their own area of the health system is the first step 
for clinicians when developing and implementing 
system changes to improve health outcomes for 
Māori.

Māori made up 15.6% of the New Zealand 
population in 2013. However, the proportion of 
patients admitted to New Zealand intensive care 
units (ICUs) who are Māori has not been reported. 
Within ICUs, highly specialised nursing and med-
ical teams provide healthcare for immediately 
life-threatening but potentially treatable acute 
medical and surgical conditions. ICU staff also 
provide post-operative care for major surgery, 
particularly cardiac surgery. New Zealand has a 
network of ICUs, including large ICUs in major cit-
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ies as well as regional and rural ICUs associated 
with smaller hospitals.3 It is unknown whether 
the outcomes of Māori and European ICU patients 
admitted to New Zealand ICUs differ. For ICU 
patients, illness severity, based on the degree of 
physiological derangement, as well as age, sex 
and chronic comorbidities, are key determinants 
of outcome.7 An emergency ICU admission is gen-
erally associated with higher mortality risk than 
an elective post-surgical admission, and the ICU 
admission diagnosis is also an important outcome 
predictor.7 In addition, outcomes for otherwise 
similar ICU patients often vary depending on the 
hospital they are admitted to.7 Although a high 
status of deprivation does not appear to be asso-
ciated with increased in-hospital mortality, it is 
associated with longer-term mortality8 and is an 
important confounding variable to consider in an 
analysis evaluating outcomes by ethnicity.

In this study, we sought to describe outcomes 
for Māori and European patients admitted to New 
Zealand ICUs between 2009 and 2018. We under-
took a series of analyses adjusting for potential 
confounders with a view to describing possible 
contributors to observed inequalities in health 
outcomes.

Methods
Study design and setting

We undertook a retrospectively designed pro-
spective cohort study using data from the New 
Zealand Ministry of Health National Minimum 
Dataset (NMD) matched to the Australian New 
Zealand Intensive Care Society Centre for Out-
come and Resource Evaluation Adult Patient 
Database (ANZICS CORE APD). This study was 
submitted to the Health and Disability Ethics Com-
mittee of New Zealand (20/CEN/86) and deemed 
out of scope due to minimal risk. The NMD is a 
centralised data collection system containing all 
New Zealand hospital admissions. The NMD is 
organised using patients’ National Health Index 
numbers and administered by the New Zealand 
Ministry of Health.9 The ANZICS CORE APD is an 
established bi-national voluntary ICU registry, 
which has been described previously.10

We used data relating to ICU admissions to New 
Zealand hospitals from 1 July 2009 until June 30 
2018 inclusive and focused on admissions to the 
17 ICUs in 16 hospitals that contributed to the 
ANZICS CORE APD throughout the period of inter-
est. These included major tertiary, regional and 
rural public hospital ICUs in New Zealand.

Patients
All patients aged 18 years or older who were 

admitted to one of the 17 participating New Zea-
land ICUs were eligible for inclusion. Matching of 
patients included in the two databases of interest 
was performed based on six variables that were 
common to both databases. These variables were 
the name of the admission hospital, the date of 
hospital admission, the date of hospital discharge, 
age, sex and the in-hospital mortality. To account 
for situations where patients were transferred 
from one ICU to another, we linked ICU admis-
sion episodes where a particular patient was 
discharged from one ICU and then readmitted 
to another ICU on the same day. In these circum-
stances, descriptive baseline data were obtained 
from the first ICU admission and outcome data 
were obtained from the last ICU admission. 
Where a patient had multiple ICU admissions 
within the study period, only the first ICU admis-
sion the patient had was included. Accordingly, all 
ICU admissions included in our final dataset were 
from unique patients. Since illness severity is the 
key determinant of outcome for ICU patients,7 
we excluded patients where illness severity data 
were not available in the ANZICS CORE APD. This 
analysis focused on comparing the outcomes of 
Māori and European patients. For the purposes 
of this analysis, we defined patients whose ethnic-
ity was coded as “NZ European,” “European not 
further defined” and “Other European” as Euro-
pean. Patients who were neither European nor 
Māori were excluded from the current analysis 
because we plan to report outcomes for other eth-
nic groups separately. We ascertained long-term 
mortality outcomes using data from the New Zea-
land death registry up until June 2020.

Outcomes
The primary outcome of interest for this study 

was day-180 mortality. Secondary outcomes were 
ICU mortality, hospital mortality, discharge to 
home, ICU length of stay, hospital length of stay 
and survival time.

Outcome predictors, potential 
confounders and effect modifiers

To explore the extent to which Māori ethnicity is 
a predictor of adverse outcomes in the New Zealand 
healthcare system, we compared ethnic groupings 
of Māori and European using “prioritised” ethnic-
ity classification, where each patient is allocated to 
a single ethnic group using prioritisation tables as 
used in the New Zealand Ministry of Health NMD.11
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We specified a number of variables as poten-
tial confounders of the relationship between 
ethnicity and outcome. These variables were 
deprivation status, age, sex, site of admission, 
year of admission, chronic comorbidities as mea-
sured using the Charlson comorbidity index,12 
admission diagnosis, admission type (elective 
versus emergency) and source (operating the-
atre, emergency department, ward, transfer 
from another hospital and unknown), ventila-
tion status and illness severity. Deprivation sta-
tus was defined using the New Zealand Index of 
Deprivation (NZDep), as included in the New Zea-
land Ministry of Health NMD.13 This NZDep uses 
data associated with postcodes obtained from 
the 2013 census as a surrogate for the depriva-
tion status of individual patients. The NZDep 
categorises patients into deciles, from 1 (least 
deprived) to 10 (most deprived). Age and year of 
admission were calculated at the date of hospital 
admission. Age, sex, site of admission and year 
of admission we included in both study data-
bases. However, when minor date discrepan-
cies were encountered during merging, we used 
data obtained from the ANZICS CORE APD for 
reporting purposes. The Charlson comorbidity 
index12 was calculated using pre-existing comor-
bidities based on ICD-10 codes included in the 
New Zealand Ministry of Health NMD as previ-
ously described.14 To obtain a measure of illness 
severity that was independent of other potential 
confounders, we evaluated illness severity using 
only the physiological parameters included in 
the Acute Physiology and Chronic Health Evalua-
tion (APACHE) III score.15 

Statistical methods
All baseline characteristics were summarised 

by ethnic group using means and standard devi-
ations for normally distributed variables, medi-
ans and interquartile ranges for other continuous 
variables, and counts and percentages for categor-
ical variables. Comparisons of baseline variables 
by ethnic group were undertaken using Student’s 
t-test for normally distributed variables, and Wil-
coxon rank sum tests otherwise. Categorical vari-
ables were compared using chi-square tests for 
equal proportions.

For outcome comparisons, we evaluated the 
association between Māori ethnicity and out-
come using European ethnicity as the reference 
category. For the four binomial outcomes (day-
180 mortality, ICU mortality, hospital mortality 
and discharge home) we used logistic regression 

and adjusted for known covariates and baseline 
imbalance. These variables included: site, depri-
vation status, sex, year of admission, Charlson 
comorbidity index,12 age, admission source and 
type, admission diagnosis, ventilation status 
and illness severity. To ascertain the individual 
impact of each covariate, we fitted these sequen-
tially, with the resulting risk for Māori ethnicity 
(versus European) reported as odds ratios (OR), 
with a 95% confidence interval for each stage. An 
OR of more than one corresponded to a greater 
risk of an adverse outcome for Māori compared 
to their European counterparts. ICU and hospi-
tal length of stay were evaluated using a com-
peting risk analysis adjusted for the competing 
risk of death, using an analogous approach to 
that described above with results reported at 
each stage as hazard ratios (HR), along with 95% 
CI and presented as cumulative incidence plots. 
For these analyses, a HR of greater than one cor-
responds to a shorter time to discharge alive for 
Māori compared to their European counterparts. 
Survival time to 180 days was compared using 
Cox Proportion Hazards regression in accor-
dance with the approach described above, with 
results reported as HRs (95%CI) for each stage 
of model development. Proportionality assump-
tions for ethnicity were visually assessed using 
log-cumulative hazard plots. For the survival 
analysis, a hazard ratio of more than one cor-
responds to a worse outcome for Māori com-
pared to their European counterparts because it 
equates to a shorter time to death.

Analyses were conducted using SAS statistical 
software, version 9.4 (SAS Institute). 

Results
Patients

A total of 52,552 patients from 17 ICUs were 
included in this study (Figure 1). (The ICUs that 
contributed data are listed in the acknowledg-
ments section.) A comparison of Māori and Euro-
pean patients in the New Zealand Ministry of 
Health NMD who could be matched to the ANZICS 
CORE APD with those could not be matched to 
the ANZICS CORE APD is shown in Supplemen-
tary Table 1. Of the patients included in this anal-
ysis, 9,681 (18.4%) were Māori. When patients 
from other (non-European) ethnic groups were 
included, Māori made up 15.6% of all ICU admis-
sions. Compared to European patients, Māori 
patients were on average 13 years younger at ICU 
admission. They were more often female, had 
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higher deprivation status, were more likely to be 
admitted to ICU in an emergency, and had more 
severe illness (Table 1). Māori also had higher 
rates of some comorbidities, most notably dia-
betes and renal disease, and were more likely 
to have a Charlson comorbidity index of three 
or more than European patients (Table 1). Addi-
tional data on comorbidities for Māori and Euro-
pean patients are shown in Supplementary Table 
2. Deciles of deprivation by ethnicity are shown 
in Supplementary Table 3. Data on admission site 
and year by ethnicity are shown in Supplemen-
tary Table 4.

Compared to European patients, Māori were 
markedly more likely to be admitted to the ICU 
after trauma, with sepsis, with neurological disor-
ders and with metabolic disorders, such as com-
plications of diabetes (Table 2).

Primary outcome
A total of 1,550 Māori (16.0%) and 6,407 (14.9%) 

European patients had died within 180 days of 
ICU admission (OR: 1.08, 95% CI, 1.02 to 1.15) (Fig-
ure 2, Table 3 and Supplementary Table 5). The 
effect of sequentially adjusting for potential con-
founding variables is shown in Table 3. Depriva-
tion status, sex, year of admission, diagnosis and 
whether the patient was ventilated did not appear 
to be important confounders of the association 
between Māori ethnicity and day-180 mortality. 
Site had some effect, but the strongest confounder 
was age. Inclusion of age in the regression model 
increased the OR for day-180 mortality for Māori 
versus European patients substantially. Adjust-
ment for the Charlson comorbidity index and for 
illness severity both reduced the OR for day-180 
mortality for Māori versus European patients. In 
the final model incorporating adjustment for all 
specified variables, Māori ethnicity was not asso-
ciated with day-180 mortality (OR 1.01, 95% CI 
0.92 to 1.10).

Secondary outcomes
A total of 702 Māori (7.3%) and 2,525 (5.9%) 

European patients died prior to ICU discharge (OR: 
1.25, 95% CI, 1.15 to 1.36), with 1,103 (11.4%) and 
4,662 (10.9%) respectively dying prior to hospital 
discharge (OR: 1.05, 95% CI, 0.98 to 1.13). Similar 
proportions of Māori and European patients were 
discharged home (Table 3). For these outcomes, the 
effect of confounding variables on the associations 
between Māori ethnicity and outcome was similar 
to that observed when evaluating the relationship 
between Māori ethnicity and day-180 mortality, 

with age observed to be consistently the strongest 
confounder (Table 3). Site (ie, the ICU the patient 
was admitted to) appeared to be an important con-
founder of the association between Māori ethnic-
ity and ICU mortality (Table 3). The ICU length of 
stay was a median of 1.5 days (IQR, 0.8–2.9 days) 
and 1.2 days (IQR, 0.9–2.8 days) for Māori and 
European patients respectively (Supplementary 
Figure 1). The median hospital length of stay was 
7.5 days (IQR, 4.0–14.1 days) and 8.3 days (IQR, 5.1–
15.0) for Māori and European patients respectively 
(Supplementary Figure 2). Age was the strongest 
confounding variable when evaluating the associ-
ation between Māori ethnicity and ICU and hospi-
tal length of stay (Supplementary Table 6). In the 
final models, which adjusted for all specified con-
founders, Māori ethnicity was not an independent 
predictor of ICU mortality, in-hospital mortality, 
discharge home, ICU or hospital length of stay or 
survival time (Table 3, Supplementary Table 5 and 
Supplementary Table 6.)

Discussion
Statement of principal findings

In this retrospectively designed prospective 
cohort study, we compared the outcomes of Māori 
and European patients admitted to New Zealand 
ICUs between 1 July 2009 and 30 June 2018. We 
observed that Māori were more likely than Euro-
pean to die within 180 days of ICU admission. In 
particular, when accounting for the fact they were 
on average 13 years younger at ICU admission, 
Māori patients had a markedly higher risk of death 
and of other adverse outcomes. This increased risk 
of adverse outcomes for Māori patients appeared, 
in part, to be accounted for by Māori having more 
comorbidities, being more likely to be admitted 
to ICU in an emergency and having more severe 
illness than European patients. Deprivation sta-
tus, sex, year of admission, diagnosis and whether 
the patients were ventilated did not appear to be 
important confounders of the associations between 
Māori ethnicity and outcomes.

Relationship to previous studies
We have previously reported that the outcomes 

for Māori patients enrolled in a large scale ran-
domised controlled trial conducted in the ICU 
were similar to those of European patients,17 and 
outcomes were also similar by ethnicity in a single 
ICU during the 2020 COVID-19 lockdown.18 How-
ever, these populations are unlikely to be repre-
sentative of the patients who receive ICU care in 
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Figure 1: Flow diagram.

143,435 ICU admissions
included in the New Zealand
Ministry of Health NMD from

July 1 2009 until June 30 2018 

105,666 New Zealand ICU admissions 
included in the ANZICS CORE APD 

from July 1 2009 until June 30 2018  
in the 16 study sites 

106,696 ICU admissions
were from 16 hospitals* that regularly 
contributed to the ANZICS CORE APD

36,739 ICU admissions in the 
New Zealand Ministry of Health NMD

were from 19 sites that did not regularly 
contribute to the ANZICS CORE APD

104,099 unique ICU
admission episodes

2,597 admissions involved at 
least one ICU to ICU transfer

91,669 individual patients 
with at least one ICU 
admission identified 

61,873 patients with illness 
severity data matched to 

the ANZICS CORE APD

52,552 patients 
Included in the study

9,321 patients categorised as 
neither European nor Māori

*Two ICUs from a single hospital were included for a total of 17 contributing ICUs.
Abbreviations: ANZICS CORE APD: Australian and New Zealand Intensive Care Society Centre for Outcome and Resource Evalua-
tion Adult Patient Database; ICU: intensive care unit; NMD: National Minimum Database.
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Table 1: Baseline characteristics by ethnicity.*

Māori 

(N=9,681)
European (N=42,871)

Age, yr, median [IQR] 53 [38–64] 66 [54–75]

0 to 39.9 years, n (%) 2,594 (26.8%) 4,815 (11.2%)

40 to 59.9 years, n (%) 3,761 (38.8%) 10,072 (23.5%)

60 to 79.9 years, n (%) 3,128 (32.3%) 22,418 (52.3%)

80+ years, n (%) 198 (2%) 5,566 (13%)

Male sex, n (%) 5,382 (55.6%) 26,885 (62.7%)

Weight, kg 91.3±28.1 81.1±20.4

Deprivation status† 7.8±2.4 5.7±2.7

Category of admission, n (%)

Elective ICU admission 3,163 (32.8%) 18,765 (43.9%)

Emergency ICU admission 6,518 (67.2%) 24,106 (56.1%)

Source of ICU admission, n (%)

Operating theatre 4,546 (47.0%) 25,054 (58.4%)

Emergency department 3,307 (34.2%) 10,252 (23.9%)

Ward 1,120 (11.6%) 5,443 (12.7%)

Transfer from another hospital 696 (7.2%) 2,069 (4.8%)

Unknown 12 (0.1%) 53 (0.1%)

Charlson comorbidity index, median [IQR] 1 [0–3] 1 [0–2]

Charlson comorbidity index 0, n (%) 3,737 (38.6%) 17,548 (40.9%)

Charlson comorbidity index 1, n (%) 2,102 (21.7%) 10,404 (24.3%)

Charlson comorbidity index 2, n (%) 1,277 (13.2%) 5,935 (13.8%)

Charlson comorbidity index ≥3, n (%) 2,565 (26.5%) 8,984 (21%)
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Māori 

(N=9,681)
European (N=42,871)

Common comorbidities, n (%)

Myocardial infarction 842 (8.7%) 5,007 (11.7%)

Congestive cardiac failure 1,182 (12.2%) 3,924 (9.2%)

Diabetes without complications 1,038 (10.7%) 2,755 (6.4%)

Diabetes with complications 1,891 (19.5%) 4,864 (11.3%)

Renal disease 1,240 (12.8%) 3,406 (7.9%)

Cancer 797 (8.2%) 5,016 (11.7%)

Illness severity‡

ANZROD 10.6±18.9 9.5±17.5

APACHE-III Physiology score 50.6±27.1 46.0±23

± values are mean±SD
* The P values for all between-group comparisons were <0.0001 except for source of ICU admission (ward), P=0.002; source of ICU 
admission (unknown), P=0.99; Charlson comorbidity index 2, P=0.09; ANZROD, P=0.007.
† Deprivation status was categorised in deciles from 1 (least deprived) to 10 (most deprived) using data associated with post-
codes obtained from the 2013 New Zealand census.
‡The ANZROD combines physiology, age, diagnosis and comorbidities collected during the first 24 hours in the ICU to create 
predicted risk of death in hospital. The chronic score was not normally distributed. However, the median [IQR] was 0 [0–0] for 
both groups. 
Abbreviations: ANZROD: Australian and New Zealand Risk of Death; APACHE: Acute Physiology and Chronic Health Evaluation; 
IQR: interquartile range; SD: standard deviation.

Table 1 (continued): Baseline characteristics by ethnicity.*
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Table 2: ICU admission diagnostic categories by ethnicity.

Diagnostic category, n(%) Māori (N=9,681) European (N=42,871)

Cardiovascular 3,207 (33.1%) 18,401 (35.0%)

Respiratory 1,368 (14.1%) 5,713 (10.9%)

Gastrointestinal 896 (9.3%) 5,398 (10.3%)

Neurological 923 (9.5%) 3,028 (5.8%)

Trauma 968 (10.0%) 2,732 (5.2%)

Metabolic 699 (7.2%) 2,359 (4.5%)

Sepsis 740 (7.6%) 2,318 (4.4%)

Musculoskeletal 322 (3.3%) 1,318 (3.1%)

Renal/genitourinary 308 (3.2%) 998 (3.2%)

Gynaecological 181 (1.9%) 317 (1.9%)

Haematological 25 (0.3%) 127 (0.3%)

Other medical disorders 29 (0.3%) 102 (0.3%)

Unknown 15 (0.2%) 60 (0.2%)
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Table 3: Key outcomes by ethnicity.

Māori 

(N=9,681)
European 
(N=42,871)

Analysis model*
Odds ratio 

(95% CI)

Day-180 
mortality

(primary out-
come), n (%)

1,550 (16.0%) 6,407 (14.9%)

unadjusted 1.08 (1.02–1.15)

+site 1.02 (0.95–1.10)

+deprivation† 0.99 (0.92–1.07)

+gender 0.98 (0.91–1.06)

+year 0.98 (0.91–1.06)

+Charlson comorbidity index 0.91 (0.84–0.98)

+age 1.21 (1.12–1.31)

+admission type‡ 1.13 (1.04–1.23)

+ICU admission diagnosis 1.11 (1.02–1.21)

+ventilated (Y/N) 1.12 (1.03–1.21)

+illness severity§ 1.01 (0.92–1.10)

ICU mortality, 
n (%)

702 (7.3%) 2525 (5.9%)

unadjusted 1.25 (1.15–1.36)

+site 1.16 (1.05–1.29)

+deprivation† 1.13 (1.02–1.26)

+gender 1.13 (1.02–1.25)

+year 1.12 (1.01–1.25)

+Charlson comorbidity index 1.10 (0.99–1.22)

+age 1.26 (1.13–1.41)

+admission type‡ 1.13 (1.01–1.27)

+ICU admission diagnosis 1.07 (0.96–1.21)

+ventilated (Y/N) 1.08 (0.96–1.22)

+illness severity§ 0.96 (0.85–1.10)
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Māori 

(N=9,681)
European 
(N=42,871)

Analysis model*
Odds ratio 

(95% CI)

Hospital mortal-
ity, n (%)

1,103

(11.4%)

4,662 

(10.9%)

unadjusted 1.05 (0.98–1.13)

+site 0.99 (0.91–1.07)

+deprivation† 0.97 (0.89–1.05)

+gender 0.96 (0.88–1.04)

+year 0.96 (0.88–1.04)

+Charlson comorbidity index 0.91 (0.84–0.99)

+age 1.16 (1.06–1.27)

+admission type‡ 1.08 (0.98–1.18)

+ICU admission diagnosis 1.04 (0.95–1.15)

+ventilated (Y/N) 1.05 (0.96–1.16)

+illness severity§ 0.92 (0.83–1.02)

Discharged 
home, n (%)

6,619

(68.4%)

29,295

(68.3%)

unadjusted 1.00 (0.96–1.05)

+site 0.98 (0.93–1.04)

+deprivation† 1.06 (1.00–1.12)

+gender 1.07 (1.01–1.13)

+year 1.07 (1.01–1.14)

+Charlson comorbidity index 1.11 (1.05–1.18)

+age 0.90 (0.84–0.95)

+admission type‡ 0.94 (0.88–1.00)

+ICU admission diagnosis 0.96 (0.90–1.02)

+ventilated (Y/N) 0.96 (0.90–1.03)

+illness severity§ 1.03 (0.96–1.10)

*Variables shown were added sequentially to the model.
† Deprivation status was categorised in deciles, from 1 (least deprived) to 10 (most deprived), using data associated with post-
codes obtained from the 2013 New Zealand census.
‡ Admission type combined both source of ICU admission (operating theatre, emergency department, ward, transfer from anoth-
er hospital and unknown) and whether the admission was categorised as elective or emergency
§ Illness severity was calculated using the physiological components of the Acute Physiology and Chronic Health Evaluation 
(APACHE) III score.

Table 3 (continued): Key outcomes by ethnicity.
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Figure 2: Kaplan-Meier survival plot.*

* The unadjusted hazard ratio for survival to day 180 for Māori vs European patients was 1.08 (95% CI, 1.02 to 1.14), with a hazard 
ratio of more than one corresponding to a worse outcome for Māori compared to their European counterparts because it equates 
to a shorter time to death. Data showing hazard ratios adjusted for potential confounding variables are shown in the Supplemen-
tary Table 5.
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New Zealand. This study is the first large-scale 
national study to compare outcomes for Māori 
and European patients admitted to New Zealand 
ICUs. Our findings are consistent with a recent 
single-centre study conducted at Waikato Hos-
pital that reported Māori were more likely than 
non-Māori to be admitted to ICU with sepsis and 
after major trauma.19 Previous studies have also 
highlighted the high burden of serious infections20 
and diabetes21 among Māori patients hospitalised 
in New Zealand. Our findings are similar to those 
of an Australian study, where adjusted long-term 
mortality and median number of potential life 
years lost after ICU admission were higher for 
Indigenous than non-Indigenous patients.22 Our 
finding that Māori have higher illness severity at 
ICU admission than European patients has par-
allels with a previous study, where high illness 
acuity was observed in Indigenous Australians 
requiring ICU admission.23 

Implications of study findings
Despite their younger age, Māori have more 

comorbidities and more severe illness than their 
European counterparts. Barriers to accessing 
intensive care for Māori might potentially con-
tribute their higher illness severity by the time 
of ICU admission. However, the observation that 
Māori ICU patients are much younger than Euro-
pean ICU patients and yet still have more chronic 
comorbidities implies that an unequal burden 
of underlying conditions is one contributor to 
inequality in ICU outcomes. 

Strengths and weaknesses
Our study had a number of strengths. It included 

data from more than 50,000 patients admitted to 
all major tertiary, regional and rural public hos-
pital ICUs over a 10-year period. The only ICUs 
that were not included in this study were private 
ICUs and some small ICUs in rural and regional 
centres. We conducted analyses that adjusted for 
important variables that might potentially con-
tribute to health inequalities in Māori patients 
admitted to the ICU including deprivation status 
and comorbid conditions. We were also able to 

conduct analyses that included robust adjustment 
for illness severity. 

Our study had some limitations. Despite its 
large size, it only included the subset of ICU 
admission episodes for which we we could match 
patient data from the New Zealand Ministry of 
Health NMD to the ANZICS CORE APD. Accord-
ingly, the patient group we studied is not repre-
sentative of all patients admitted to New Zealand 
ICUs. We used the New Zealand Ministry of Health 
NMD prioritised ethnicity categories to define eth-
nic groups and cannot preclude the possibility 
that different methods for categorising ethnicity 
would result in different findings. Our method of 
categorisation of deprivation was based on data 
related to the post codes of patients’ residences 
obtained from the 2013 census. Although our study 
did include data from ICU admissions in 2013, it is 
possible that the reliability of the categorisation 
of deprivation may be lower for patients admitted 
in other years. Although we captured deaths that 
occurred beyond hospital discharge, we only cap-
tured those deaths that were registered in New 
Zealand. It is possible some patients died overseas 
within 180 days of an ICU admission. We choose 
day-180 mortality as the primary end point for 
this study, as deaths occurring as a consequence 
of an acute illness episode beyond this point are 
rare.24 However, our findings may have been dif-
ferent if we had evaluated mortality rates at a 
different time point. Although we undertook anal-
yses that adjusted for ICU illness severity, data on 
illness severity at the time of hospital admission 
were not available and are likely to be a key deter-
minant of mortality risk.

Conclusions
Compared to European patients, Māori were 

markedly more likely to be admitted to the ICU 
after trauma or with sepsis. Despite Māori being 
on average 13 years younger at ICU admission 
than their European counterparts, they had 
more co-morbidities, higher illness severity and 
a higher risk of dying within 180 days of an ICU 
admission.
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Supplementary material
Supplementary Table 1: A comparison of matched versus unmatched patients.*

Matched

(N=52,597)

Unmatched

(N=26,058)

Age (years), median [IQR] 64 [50-74] 64 [50–75]

Male sex, n (%) 32,285 (61.4%) 14,766 (56.7%)

Deprivation status† 6.07±2.76; n=52,185 6.11±2.69; n=25,878

European ethnicity, n (%) 42,909 (82%) 21,775 (84%)

Maori ethnicity, n (%) 9,688 (18%) 4,283 (16%)

Died in ICU, n (%) 3,233 (6%) 1,462 (6%)

Hours of mechanical ventilation, 
median [IQR]

10 [3–39];

n=34,565

0 [0–13];

n=15,970

Total ICU hours, median [IQR] 33 [22–72] 29 [19–66]

Died in hospital, n (%) 5,773 (11%) 2,471 (9%)

Hospital length of stay (days), median 
[IQR]

8 [5–15] 6 [3–12]

Discharged home, n (%) 35,946 (68%) 18,252 (70%)

Died by day 180, n (%) 7,967 (15%) 4,009 (15%)

± values are mean ± SD.
* P values were less than 0.0001 for all comparisons except for the comparison of deprivation status, P=0.06; died in ICU, P=0.003; 
Died by day 180, P=0.38.  Of the 78,655 European and Māori patients with ICU admissions included the New Zealand Ministry of 
Health National Minimum Dataset (NMD), 52,597 were matched to the Australian and New Zealand Intensive Care Society Centre 
for Outcome and Resource Evaluation Adult Patient Database (ANZICS CORE APD) and 26,058 could not be matched.  Because 
ethnicity data are not available in the ANZICS CORE APD, a comparison of patients included in the ANZICS CORE APD who were 
not identifiable in the NMD could not be undertaken.  A total of 45 patients were matched but were not included in the analysis 
because illness severity data were not available.
† Deprivation status was categorised in deciles from 1 (least deprived) to 10 (most deprived) using data associated with post-
codes obtained from the 2013 New Zealand census.
Abbreviations: ICU: intensive care unit; IQR: interquartile range; SD: standard deviation.
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Supplementary Table 2: Additional details of comorbidities by ethnicity.*

Māori (N=9,681) European (N=42,871)

Peripheral vascular disease 764 (7.9%) 4,123 (9.6%)

CVA or TIA 672 (6.9%) 3,034 (7.1%)

Dementia 37 (0.38%) 221 (0.52%)

COPD 901 (9.3%) 2,701 (6.3%)

Connective tissue disease 34 (0.35%) 257 (0.60%)

Peptic ulcer disease 144 (1.5%) 506 (1.2%)

Mild liver disease 338 (3.5%) 928 (2.2%)

Moderate to severe liver disease 116 (1.2%) 579 (1.4%)

Paraplegia or hemiplegia 411 (4.2%) 1,431 (3.3%)

Metastatic cancer 313 (3.2%) 1,935 (4.5%)

HIV/AIDS 12 (0.12%) 23 (0.05%)

* P values were <0.0001 for all comparison between groups except CVA or TIA, P value=0.64; Dementia, P value=0.09; Connective 
tissue disease, P value=0.003, Peptic Ulcer Disease, P value=0.14; moderate to severe liver disease, P value=0.24; HIV/AIDS, P 
value=0.015. 
Abbreviations: AIDS: Acquired immunodeficiency syndrome; COPD: chronic obstructive pulmonary disease; CVA: cerebrovascular 
accident; HIV: human immunodeficiency virus; TIA: transient ischaemic attack.

Supplementary Table 3: Deprivation categories by ethnicity.*

Deprivation category† Māori (N=9,681) European (N=42,871)

1 168 (1.7%) 3319 (7.7%)

2 242 (2.5%) 3,788 (8.8%)

3 321 (3.3%) 3,611 (8.4%)

4 408 (4.2%) 4,107 (9.6%)

5 480 (5%) 4,615 (10.8%)

6 706 (7.3%) 5,026 (11.7%)

7 1,064 (11%) 5,238 (12.2%)

8 1,213 (12.5%) 5,180 (12.1%)

9 1,966 (20.3%) 4,649 (10.8%)

10 3,080 (31.8%) 2,959 (6.9%)

Deprivation status missing 33 (0.3%) 379 (0.9%)

* P values were <0.0001 for all comparisons except for deprivation category 8, P=0.22.
† Deprivation status was categorised in deciles from 1 (least deprived) to 10 (most deprived) using data associated with post-
codes obtained from the 2013 New Zealand census.
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Supplementary Table 4: Admission site and year by ethnicity.

Admission hospital Māori (N=9681) European (N=42871)

Middlemore Hospital 853 (8.8%) 1426 (3.3%)

Christchurch Hospital 627 (6.5%) 7028 (16.4%)

Dunedin Hospital 299 (3.1%) 4384 (10.2%)

Tauranga Hospital 642 (6.6%) 2407 (5.6%)

Wellington Hospital 926 (9.6%) 4708 (11%)

Taranaki Health 95 (0.981%) 379 (0.884%)

Timaru Hospital 67 (0.692%) 1092 (2.5%)

Hawke’s Bay Hospital 308 (3.2%) 592 (1.4%)

Nelson Hospital 109 (1.1%) 1,365 (3.2%)

Waikato Hospital 2,094 (21.6%) 5,401 (12.6%)

Rotorua Hospital 236 (2.4%) 346 (0.807%)

Whangārei Area Hospital 927 (9.6%) 1,446 (3.4%)

Hutt Hospital 292 (3%) 1182 (2.8%)

Auckland City Hospital 2,010 (20.8%) 9,826 (22.9%)

North Shore Hospital 196 (2%) 1,289 (3%)

Year

2009 230 (2.4%) 1,208 (2.8%)

2010 646 (6.7%) 3,159 (7.4%)

2011 885 (9.1%) 4,113 (9.6%)

2012 1,022 (10.6%) 4,932 (11.5%)

2013 1,068 (11%) 4,991 (11.6%)

2014 1,309 (13.5%) 6,033 (14.1%)

2015 1,319 (13.6%) 5,608 (13.1%)

2016 1,207 (12.5%) 5,052 (11.8%)

2017 1,345 (13.9%) 5,285 (12.3%)

2018 650 (6.7%) 2,490 (5.8%)
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Supplementary Table 5: Cox Proportional Hazards Regression for survival to day 180.

Analysis Model Hazard ratio (95% CI)*

unadjusted 1.08 (1.02–1.15)

+site 1.02 (0.95–1.10)

+deprivation† 0.99 (0.92–1.07)

+gender 0.98 (0.91–1.06)

+year 0.98 (0.91–1.06)

+Charlson comorbidity index 0.91 (0.84–0.98)

+age 1.21 (1.12–1.31)

+admission type‡ 1.13 (1.04–1.23)

+ICU admission diagnosis 1.11 (1.02–1.21)

+ventilated (Y/N) 1.12 (1.03–1.21)

+illness severity§ 1.01 (0.92–1.10)

* Variables shown were added sequentially to the model. Hazard ratios show associations between Māori ethnicity and the 
survival time with European as the reference category; a hazard ratio of more than one corresponds to worse outcome for Māori 
compared to their European counterparts because it equates to a shorter time to death. 
† Deprivation status was categorised in deciles from 1 (least deprived) to 10 (most deprived) using data associated with post-
codes obtained from the 2013 New Zealand census.
‡ Admission type combined both source of ICU admission (operating theatre, emergency department, ward, transfer from anoth-
er hospital, and unknown) and whether the admission was categorised as elective or emergency.
§ Illness severity was calculated using the physiological components of the Acute Physiology and Chronic Health Evaluation 
(APACHE) III score.
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Supplementary Table 6: ICU length of stay and hospital length of stay by ethnicity.*

Outcome
Māori 

(N=9,681)
European 
(N=42,871)

Analysis 

Model

Hazard ratio 

(95% CI)

ICU length of 
stay (days)

mean±SD; 

median [IQR]

2.9±5.2

1.5 [0.8–2.9]

2.8±5.0

1.2 [0.9–2.8]

unadjusted 1.08 (1.02–1.15)

+site 1.02 (0.95–1.10)

+deprivation† 0.99 (0.92–1.07)

+gender 0.98 (0.91–1.06)

+year 0.98 (0.91–1.06)

+Charlson comorbidity 
index

0.91 (0.84–0.98)

+age 1.21 (1.12–1.31)

+admission type‡ 1.13 (1.04–1.23)

+ICU admission diagnosis 1.11 (1.02–1.21)

+ventilated (Y/N) 1.12 (1.03–1.21)

+illness severity§ 1.01 (0.92–1.10)

Hospital length 
of stay (days)

mean±SD; 
median [IQR]

11.4±13.9

7.5 [4.0–14.1]

12.1±13.4

8.3 [5.1–15.0]

unadjusted 1.25 (1.15–1.36)

+site 1.16 (1.05–1.29)

+deprivation† 1.13 (1.02–1.26)

+gender 1.13 (1.02–1.25)

+year 1.12 (1.01–1.25)

+Charlson comorbidity 
index

1.10 (0.99–1.22)

+age 1.26 (1.13–1.41)

+admission type‡ 1.13 (1.01–1.27)

+ICU admission diagnosis 1.07 (0.96–1.21)

+ventilated (Y/N) 1.08 (0.96–1.22)

+illness severity§ 0.96 (0.85–1.10)

* Variables shown were added sequentially to the model. Hazard ratios show associations between Māori ethnicity and the out-
come of interest with European as the reference category.  The analysis models were calculated using a competing risk analysis 
adjusting for the competing risk of death; hazard ratios greater than one correspond to a shorter time to discharge alive for Māori 
compared to their European counterparts. 
† Deprivation status was categorised in deciles from 1 (least deprived) to 10 (most deprived) using data associated with post-
codes obtained from the 2013 New Zealand census.
‡ Admission type combined both source of ICU admission (operating theatre, emergency department, ward, transfer from anoth-
er hospital, and unknown) and whether the admission was categorised as elective or emergency.
§ Illness severity was calculated using the physiological components of the Acute Physiology and Chronic Health Evaluation 
(APACHE) III score.
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Supplementary Figure 1: Time to ICU discharge by ethnicity category.
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Supplementary Figure 2: Time to hospital discharge by ethnicity category.




