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ABSTRACT
Objectives  Unlike comparable countries, acute coronary 
syndrome (ACS) mortality is similar among patients who 
present to rural and urban hospitals in Aotearoa New 
Zealand (NZ). The aim of this study was to determine 
whether differences in ischaemic heart disease (IHD) 
deaths that occurred without a preceding hospital 
admission in rural and urban populations explained this 
finding.
Design  Retrospective observational study using the 
National Mortality Collection (MORT) and National 
Minimum Dataset (NMDS) for hospital discharges 
datasets.
Setting  People in NZ who died from IHD were categorised 
based on their rural–urban status (U1 (major urban), U2 
(large urban) and rural) using the Geographic Classification 
for Health and prioritised ethnicity (Māori—NZ’s 
Indigenous population and non-Māori).
Participants  All people 20+ years who died from IHD 
between July 2011 and December 2018.
Primary and secondary outcomes  The outcome was 
the lack of a hospital admission preceding IHD death, 
identified by linking the NMDS with MORT. This was 
measured for the 30 days and 1 year prior to death and for 
all-cause and IHD hospitalisations separately.
Results  Of the 37 296 deaths, a similar percentage of 
rural and urban residents died without an all-cause (rural 
63.2%, U2 60.8%, U1 62.8%) or IHD (rural 70.9%, U2 
69.0%, U1 70.1%) admission in the preceding 30 days, or 
without an all-cause (rural 32.8%, U2 35.5%, U1 35.5%) 
or IHD (rural 52.7%, U2 52.6%, U1 51.9%) admission in 
the preceding year. Exceptions were deaths that occurred 
without a prior admission for rural non-Māori aged 55–64 
(higher odds) and 75+ years (lower odds) compared with 
U1 non-Māori 55–64 and 75+ years, respectively, across 
all four outcome measures.
Conclusions  This study suggests that the lack of 
difference in ACS mortality for patients who present to 
NZ rural and urban hospitals is not explained by IHD 
death that occurred without a recent preceding hospital 
admission.

INTRODUCTION
Ischaemic heart disease (IHD) is a major, 
largely amenable cause of hospitalisation and 
death.1 2 The majority of deaths attributed to 
IHD occur out of hospitals;3 however, little 
attention has been paid to these deaths in the 
international literature. The focus has been 
on deaths that occur in hospital or very shortly 
(within 28 days) after the admission.3–7 Rates 
of out-of-hospital deaths have been reported 
to be higher in Indigenous populations, and 
those with less access to hospitals (especially 
hospitals with routine access to interventional 
facilities), such as people who live in rural 
areas.5–7

In Aotearoa New Zealand (NZ), mortality 
from IHD has consistently been shown to be 
higher for Māori (NZ’s Indigenous people) 
compared with non-Māori.6 Māori who live in 
rural areas have the highest rates of amenable 
and all-cause mortality.1 Cardiovascular 
mortality is also higher for approximately 
20% of the non-Māori and 25% of the Māori 
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	⇒ Use of proportional mortality study design does not 
consider underlying differences in rural–urban mor-
tality rates.

	⇒ Only health encounters that resulted in admission 
to hospital were able to be considered, which may 
underestimate people who had significant health in-
terventions by general practitioners.
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who reside in rural areas of NZ compared with those who 
live in urban areas.1 2 8

Although overall mortality due to cardiovascular 
disease in NZ has been shown to be higher for people 
aged less than 75 years who live in rural areas compared 
with those of the same age living in urban areas,2 and 
short-term mortality rates were similar for patients with an 
acute coronary syndrome (ACS) who presented to either 
rural (with no on-site access to interventional cardiology 
services) or urban hospitals with or without routine access 
to percutaneous intervention (PCI).9 10 This is contrary 
to findings from other countries with comparable health 
systems.11 12 It has been postulated that this lack of differ-
ence in mortality for hospitalised patients was because 
people who lived in rural areas may have died before 
accessing a hospital.10

Māori and Pacific peoples were found to be more likely 
to die from IHD outside of the hospital compared with 
non-Māori non-Pacific peoples, but rurality was not iden-
tified as a contributing factor.6 However, this study used an 
older geographic classification system (the Urban Rural 
Experimental Profile) that has been shown to systemat-
ically underestimate rural–urban health disparities.13 A 
novel geographic classification system, the Geographic 
Classification for Health (GCH) has recently been devel-
oped specifically for health policy and research purposes 
in NZ.8 The GCH uses people’s geographic location of 
residence to assign urban and rural status. Use of the 
GCH has uncovered rural–urban health disparities 
(particularly for rural Māori) that were previously hidden 
by the use of older geographic classification systems.1 2 13

The aim of this study was to determine whether the 
lack of differences in IHD mortality between patients who 
presented to rural and urban hospitals was explained 
by differences in IHD deaths that occurred without 
a preceding hospital admission in rural and urban 
populations.

METHODS
Study design
This was a retrospective observational study of IHD 
deaths that occurred in NZ between 1 July 2011 and 31 
December 2018.

Data sources
Mortality collection
Demographic (including ethnicity) and clinical informa-
tion for all IHD deaths were obtained from the National 
Mortality Collection (MORT) that Manatū Hauora 
(Ministry of Health) and Te Whatu Ora (TWO—Health 
NZ) are responsible for maintaining. MORT contains 
demographic information as well as the cause of death 
for all deaths that occur in NZ.14

National Minimum Dataset (NMDS)
The National Health Index (NHI) was used to link 
individuals in MORT to the National Minimum Dataset 

(NMDS). The NHI is a unique identifier that is used 
throughout the health system. The NMDS contains infor-
mation on all discharges from NZ public hospitals, as well 
as some information from private hospital discharges.15 
This dataset was used to identify those people who had at 
least one admission to hospital prior to their death and to 
identify comorbidities.

Admission and discharge events for each person 
that occurred within 1 day of each other were bundled 
together to account for the often rapid movement 
between and within hospitals for further treatment and 
investigations.10 16

Although not all private hospital admissions are in the 
NMDS, nearly all acute admissions related to IHD in NZ 
are to public hospitals.16

Geographic Classification for Health
The GCH groups people into one of the five rural–urban 
categories.8 It has two urban categories (major urban 
(U1) areas, which represent major cities and smaller 
urban areas (U2), which represent NZ’s regional cities) 
and three rural categories that range from R1 (least rural) 
to R3 (most rural). For this study, to minimise the effects 
of small numbers in the most remote regions of NZ, the 
three rural categories (R1, R2 and R3) were condensed 
into one rural category.

The usual residential address of an individual at the 
time of death is assigned to a small geographic unit that is 
recorded within MORT. Like many countries, geographic 
units are available in a range of sizes and in NZ the smallest 
of these is the ‘meshblock’; each contains 20–60 dwellings 
and 60–120 residents on average.17 Statistical Area 1 units 
(SA1) are slightly larger geographic units and are built by 
grouping related meshblocks. Since the GCH was defined 
at SA1 level, meshblocks were mapped into SA1s and the 
SA1:GCH concordance file was used (https://rhrn.nz/​
gch/resources).

Inclusion and exclusion criteria
All people 20 years and older who died from IHD causes 
were included. People who could not be assigned a GCH 
category (eg, people who died at sea or usually lived in 
another country) were excluded from the analysis.

Outcome measures
The outcome of interest was the lack of a hospital admis-
sion preceding a death from IHD. This was compared 
with a hospital admission occurring preceding IHD death 
and was measured for two different time intervals (30 days 
and 1 year) and for both all-cause and IHD-specific hospi-
talisation. Therefore, there were four outcome measures:
1.	 No all-cause admission to hospital in the 30 days prior 

to death.
2.	 No IHD-related admission to hospital in the 30 days 

prior to death.
3.	 No all-cause admission to hospital in the year prior to 

death.

https://rhrn.nz/gch/resources
https://rhrn.nz/gch/resources
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4.	 No IHD-related admission to hospital in the year prior 
to death.

For each outcome measure, three categories of the 
GCH were compared. These are described in more detail 
below.

All-cause admissions included any admission with a 
treatment time longer than 3 hours captured by the 
NMDS. A 30-day time period was selected to capture 
hospital admissions that occurred within the period that 
is considered to be part of the same initial acute myocar-
dial infarction (AMI) encounter (ie, a further admission 
within 28 days of the index AMI is not considered a new 
AMI),18 and also to maintain consistency with previous 
studies.9 10 The 1-year time period was chosen to examine 
hospital utilisation over a longer period of time. Both all-
cause and IHD-specific admissions were considered to 
capture all contact with inpatient hospital services and 
also to minimise the effect of variation in coding practices 
between rural and urban areas.

A secondary objective was to determine the cause of any 
admission in the year prior to a death from IHD.

Diagnoses
People who died from IHD were identified within MORT 
as those with the International statistical Classification of 
Diseases and related health problems 10th edition Austra-
lian Modification (ICD10-AM) code in the primary cause 
of death field within the code range I20–I25.19

Hospital admissions related to IHD were identified in 
the NMDS using the same ICD10-AM codes. The primary 
and all secondary (non-primary) diagnosis codes were 
considered for all admissions that occurred within the 
specified time period.20 IHD deaths that occurred without 
a hospital admission were assigned ‘TRUE’ and IHD 
deaths that did have an admission were assigned ‘FALSE’.

Other data collected
The following variables were collected from MORT: age 
at the time of death, sex (male or female), prioritised 
ethnicity and meshblock.

Age was considered as both a continuous variable and 
also categorised into the following groups: <55 years, 
55–64 years, 65–74 years and 75+ years.

Ethnicity was prioritised according to the Ministry of 
Health’s guidelines, where people were considered Māori 
if this was identified in any of the three (level 2) available 
ethnicity fields within MORT.21 Ethnicity was dichoto-
mised into Māori and non-Māori due to small numbers of 
other ethnicities who live in rural areas of NZ.8

History of IHD, revascularisation or heart failure (HF) 
requiring hospitalisation within the last 7 years were 
collected from the NMDS.

The Charlson score was used to quantify multimor-
bidity. The Charlson score is a weighted scoring system 
based on 17 conditions that predict 1-year survival. It is 
commonly used in studies examining patients with acute 
and chronic cardiovascular disease.22 23 A non-cardiac 
Charlson score removes the scores and weighting for 

cardiac comorbidities.9 Consistent with previous studies, 
ICD10 codes from all hospitalisations within the last 7 
years found prior to an individual’s death were consid-
ered to derive the Charlson score.22

For the secondary objective, the primary diagnosis 
for the last discharge event in bundled admission 
encounters in the year prior to death was obtained 
from the NMDS. These were categorised based on 
the WHO’s ICD10 chapters.19 The number (and 
percentage) of diagnoses within each chapter were 
calculated for the three GCH categories. The ICD10 
chapters and their codes are presented in online 
supplemental table 1.

Statistical analysis
A proportional mortality design was used, which 
included only those who had died from IHD and 
compared the proportion of deaths that occurred 
without a preceding hospital admission across the three 
rural–urban geographic categories (U1, U2 and rural). 
Accurate denominator data for the hospitalised and 
non-hospitalised population within each of the three 
geographic regions were not available, precluding other 
study designs.

Data were summarised using mean and SD for contin-
uous variables, and frequency and percentage for cate-
gorical variables.

Separate logistic regression models were used to esti-
mate the unadjusted and adjusted ORs with a 95% CI for 
the association between rurality (three-level variable) and 
each of the four outcome measures (lack or absence of a 
hospital admission prior to IHD death at each of the time 
periods). The rurality variable compared people who 
lived in rural areas (R) and less urban areas (U2) with 
those who lived in major urban areas (U1)—the refer-
ence category.

For all outcome measures, age, ethnicity, sex, non-
cardiac Charlson score and previous admission with IHD, 
revascularisation, coronary angiogram or heart failure 
were considered as potential confounders.

All model assumptions were checked. Linearity for 
the variable age (the only continuous variable) was 
assessed in the final model; if complex non-linear 
associations were identified, the variable was catego-
rised as described above. Backward elimination was 
used to reduce the number of variables in each model, 
with each step manually reviewed. However, important 
potential confounders were kept (age and ethnicity). 
Likelihood ratio tests were used to assess the statistical 
significance of each variable (p<0.05) in the models. 
Only a priori interactions (GCH, age and ethnicity) 
were investigated.

Data management, analysis and visualisation were done 
in the open-access R statistical language (V. 4.1.1) using 
the R-studio integrated data environment (Posit software, 
Boston, USA).

https://dx.doi.org/10.1136/bmjopen-2024-088691
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Patient and public involvement
Māori consultation was undertaken with the Ngāi Tahu 
Research Consultation Committee. There was no other 
patient or public consultation undertaken.

RESULTS
There were 37 530 IHD deaths that occurred between 1 
July 2011 and 31 December 2018. Of these, 234 (0.6%) 
people were excluded from the analysis as a GCH cate-
gory was unable to be assigned, leaving 37 296 (99.4%) 
people who died from IHD. The majority of these deaths 
(19 764/37 296, 53%) occurred in people who lived in 
U1 areas; nearly a quarter occurred in people who lived 
in U2 (9109/37 296, 24.4%) and 22.6% in people who 
lived in rural areas (8423/37 296). A higher percentage 
of people who lived in U2 (1078/9109, 12%) and rural 
(1221/8423, 14%) areas were Māori compared with 
people who lived in U1 (1394/19 764, 7.1%). Population 
characteristics are shown in table 1.

Outcome measures
Since there was a non-linear relationship with age for all 
outcomes, age was categorised in all models.

For each of the outcome measures, there was a signif-
icant interaction identified between GCH, age and 

ethnicity (p<0.05), and results are therefore presented in 
GCH, age and ethnicity strata.

IHD death without an all-cause admission in the preceding 30 days
Overall, 23 276 (62.4%) deaths did not have an admis-
sion to a public hospital for any reason in the preceding 
30 days. This occurred in 63.2% of people who lived in 
rural areas (5321/8423), 60.8% of people who lived in U2 
(5534/9109) and 62.8% of people who lived in U1 areas 
(12 421/19 674). The number, percentage, unadjusted 
and adjusted OR with 95% CI comparing people who did 
not have an admission to hospital, and those who did, in 
the 30 days prior to their death and the GCH categories 
for each age and ethnicity strata are presented in figure 1.

For Māori (in any of the age groups), there were few 
statistically important differences between the percentage 
who lived in rural areas who died from IHD without an 
admission in the preceding 30 days compared with Māori 
who lived in urban areas (figure 1).

A higher percentage of rural non-Māori aged <55 years 
(83.9%; OR 1.60, 95% CI 1.08 to 2.42) and 55–64 years 
(76.9%; OR 1.55, 95% CI 1.20 to 2.02) did not have an 
admission in the 30 days prior to IHD death compared 
with non-Māori aged <55 years (74.8%) and 55–64 years 
(66.3%) who lived in U1 areas.

Table 1  Characteristics (n=37 296) of people who died of IHD between 1 July 2011 and 31 December 2018

Overall

GCH

U1 U2 R

Total 37 296 19 764 (52.3%) 9109 (24.4%) 8423 (22.6%)

Age (mean (SD)) 80 (12.6) 80 (12.8) 81 (12.2) 79 (12.5)

Age—categorised

 � <55 years 1813 (4.9%) 995 (5.0%) 401 (4.4%) 417 (5.0%)

 � 55–64 years 3079 (8.3%) 1652 (8.4%) 631 (6.9%) 796 (9.5%)

 � 65–74 years 5444 (14.6%) 2724 (13.8%) 1257 (13.8%) 1463 (17.4%)

 � 75+ years 26 960 (72.3%) 14 393 (72.8%) 6820 (74.9%) 5747 (68.2%)

Ethnicity

 � Māori 3693 (9.9%) 1394 (7.1%) 1078 (11.8%) 1221 (14.5%)

 � Non-Māori 33 603 (90.1%) 18 370 (92.9%) 8031 (88.2%) 7202 (85.5%)

Sex

 � Female 16 266 (43.6%) 8833 (44.7%) 4077 (44.8%) 3356 (39.8%)

 � Male 21 030 (56.4%) 10 931 (55.3%) 5032 (55.2%) 5067 (60.2%)

Non-cardiac Charlson score

 � 0 15 331 (41.1%) 7726 (39.1%) 3809 (41.8%) 3796 (45.1%)

 � 1–2 20 814 (55.8%) 11 418 (57.8%) 5041 (55.3%) 4355 (51.7%)

 � 3+ 1151 (3.1%) 620 (3.1%) 259 (2.8%) 272 (3.2%)

Admission with IHD in the 7 years prior to death 19 245 (51.6%) 10 363 (52.4%) 4682 (51.4%) 4200 (49.9%)

Coronary artery revascularisation in the 7 years prior to death 3545 (9.5%) 2028 (10.3%) 724 (7.9%) 793 (9.4%)

Admission with heart failure in the 7 years prior to death 16 792 (45.0%) 9129 (46.2%) 4005 (44.0%) 3658 (43.4%)

Column totals and percentages unless specified otherwise.
GCH, Geographic Classification for Health; IHD, ischaemic heart disease; R, rural areas; U1, major urban areas; U2, smaller urban areas.
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Figure 1  The number, percentage, unadjusted and adjusted OR with 95% CI for people who died from ischaemic heart 
disease (IHD) and did not have an admission to hospital in the preceding 30 days (compared with those who did have a 
hospitalisation). ORs are adjusted for age, ethnicity, previous admission with IHD, revascularisation and heart failure in the last 7 
years and non-cardiac Charlson score. For each age–ethnicity stratum, U1 is the reference Geographic Classification for Health 
(GCH) category.
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Conversely, a lower percentage of non-Māori aged over 
75 years who lived in rural (60.2%; OR 0.87, 95% CI 0.81 
to 0.93) and U2 (60.1%; OR 0.84, 95% CI 0.78 to 0.89) 
areas died without a hospital admission in the preceding 
30 days compared with non-Māori aged over 75 years who 
lived in U1 (62.4%).

IHD death without an IHD admission in the preceding 30 days
There were 26 127 (70.1%) deaths that occurred without 
an admission for IHD in the preceding 30 days: 70.9% 
(5976/8423) for people who lived in rural areas, 69.0% 
(6288/9109) for those who lived in U2 and 70.1% (13 
896/19 764) for those in U1. The number, percentage, 
unadjusted and adjusted OR with 95% CI for each 
ethnicity and age stratum are presented in figure 2.

For Māori, there was no evidence of differences between 
the GCH categories in any age strata.

For non-Māori aged less than 55 years (89.2%; OR 
1.74, 95% CI 1.01 to 3.04) and 55–64 years (82.9%; OR 
1.71, 95% CI 1.23 to 2.38) there was a higher percentage 
of those who lived in rural areas who did not have an 
admission due to IHD in the 30 days prior to IHD death 
compared with non-Māori who lived in U1 areas and were 
aged <55 years (81.8%) and 55–64 years (73.2%).

In contrast, there were proportionally fewer non-Māori 
75 years and older who died without an IHD admission in 
the 30 days prior to IHD death who lived in rural (68.2%; 
OR 0.89, 95% CI 0.82 to 0.97) and U2 regions (68.2%; 
OR 0.85, 95% CI 0.79 to 0.92) and compared with non-
Māori 75 years and older who lived in U1 (69.6%).

IHD death without an all-cause admission in the 1 year prior to 
death
There were 12 216 (32.8%) deaths that did not have an 
admission in the preceding year: 32.0% (6321/19 764) in 
U1, 35.5% (2908/9109) in U2 and 35.5% (2987/8423) 
in rural areas. The number, percentage, unadjusted and 
adjusted ORs with 95% CI for each ethnicity, age and 
GCH stratum are presented in figure 3.

A higher percentage of Māori (27.3%; OR 1.42, 95% 
CI 1.01 to 2.00) who lived in rural areas and were aged 75 
years and older did not have an (all-cause) admission in 
the year prior to IHD death compared with Māori aged 
75 years and over who lived in U1 (19.8%). There was 
no evidence of difference between rural and urban Māori 
within other age groups.

For non-Māori aged 55–64 years (59.5%; OR 1.53, 95% 
CI 1.20 to 1.95) who lived in rural areas, there was also a 
higher percentage of people who died without an admis-
sion in the preceding year compared with non-Māori 
55–64 years who lived in U1 areas (46.9%).

IHD death without an IHD admission in the preceding year
Overall, 52.7% (19 642/37 296) of deaths did not have 
an admission for IHD in the preceding year with 54.6% 
(4602/8423), 52.6% (4791/9109) and 51.9% (10 249/19 
764) in rural, U2 and U1 areas, respectively. The number, 

percentage, unadjusted and adjusted OR with 95% CI for 
each ethnicity and age stratum are presented in figure 4.

Within each age group, there was insufficient evidence 
of differences between Māori who lived in U1 and Māori 
who lived in U2 or rural areas.

For non-Māori, a higher percentage who lived in the 
rural areas and were aged <55 years (83.9%; OR 1.79, 
95% CI 1.01 to 3.20) and 55–64 years (75.0%; OR 1.90, 
95% CI 1.32 to 2.73) died without an admission for IHD 
in the preceding year compared with non-Māori aged 
<55 and 55–64 years who lived in U1 (75.2% and 63.7%, 
respectively) .

However, for non-Māori who lived in U2 and were aged 
75 years or older (49.4%; OR 0.90, 95% CI 0.82 to 0.99), a 
slightly lower percentage compared with non-Māori aged 
75 years or older who lived in U1 (48.9%) died without an 
IHD admission in the prior year.

Reason for admission
A total of 25 080 (25 080/37 296, 67%) people who had 
at least one admission to hospital in the year prior to IHD 
death. Primary diagnoses for 65 960 all-cause admissions 
in the year prior to death are displayed in online supple-
mental table 2.

Slightly more than a third of the admissions were due 
to circulatory diseases (38.9%, 38.4% and 39.2%) for U1, 
U2 and rural areas, respectively. Similarly, there were few 
differences between the GCH categories for any of the 
other WHO diagnosis chapters.

DISCUSSION
Main findings
This is the first study to our knowledge that uses a purpose-
built rural–urban classification system (the GCH) to 
examine whether there was a hospital admission in the 
period prior to IHD mortality in NZ.

The majority of people who died from IHD in this study 
did not have an admission to hospital in the preceding 
30 days and approximately a third did not have an admis-
sion 1 year prior. This is a finding consistent with other 
studies.3 7 Interpreting the overall rural–urban trends 
was difficult in our study because of the interaction 
between age, ethnicity and GCH that has previously been 
demonstrated.2

However, for both Māori and non-Māori people who 
lived in rural areas and died from IHD aged less than 75 
years, there was a trend towards not having an admission 
(either all-cause or IHD-specific) in the 30 days or 1 year 
prior to IHD death compared with those who lived in 
the most urban (U1) areas. There was only evidence of 
a significant statistical difference across all four outcome 
measures for rural non-Māori people aged 55–64 years 
compared with urban non-Māori aged 55–64 years.

Non-Māori younger than 55 years and who lived in 
rural areas had increased odds of dying from IHD without 
a hospital admission in the 30 days prior to their death 
but not in the year before, compared with non-Māori who 

https://dx.doi.org/10.1136/bmjopen-2024-088691
https://dx.doi.org/10.1136/bmjopen-2024-088691
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Figure 2  The number, percentage, unadjusted and adjusted OR with 95% CI for people who died from ischaemic heart 
disease (IHD) and did not have an admission to hospital with IHD in the preceding 30 days (compared with those who did have 
a hospitalisation). ORs are adjusted for age, ethnicity, previous admission with IHD, revascularisation and heart failure in the 
last 7 years and non-cardiac Charlson score. For each age–ethnicity stratum, U1 is the reference Geographic Classification for 
Health (GCH) category.
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Figure 3  The number, percentage, unadjusted and adjusted OR with 95% CI for people who died from ischaemic heart 
disease (IHD) and did not have an admission to hospital in the preceding 1 year (compared with those who did have a 
hospitalisation). ORs are adjusted for age, ethnicity, previous admission with IHD, revascularisation and heart failure in the last 7 
years and non-cardiac Charlson score. For each age–ethnicity stratum, U1 is the reference Geographic Classification for Health 
(GCH) category.
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Figure 4  The number, percentage, unadjusted and adjusted OR with 95% CI for people who died from ischaemic heart 
disease (IHD) and did not have an admission to hospital with IHD in the preceding 1 year (compared with those who did have a 
hospitalisation). OR are adjusted for age, ethnicity, previous admission with IHD, revascularisation and heart failure in the last 7 
years and non-cardiac Charlson score. For each age–ethnicity stratum, U1 is the reference Geographic Classification for Health 
(GCH) category.
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lived in U1. In contrast, for non-Māori who were 75 years 
and older, there were decreased odds of not having an 
admission to hospital (all-cause and IHD) 30 days prior 
to IHD death in rural and smaller urban centres (U2) 
compared with U1 areas.

For Māori, while the overall trend was similar, there 
was no evidence of a significant difference between the 
three GCH categories in any of the age strata or for any 
outcome with the exception of Māori aged 75 years or 
older who lived in a rural area, who had increased odds 
of dying without an all-cause admission in the year prior 
to IHD death compared with Māori aged 75 years or older 
who lived in U1. A previous NZ-based study examining 
the role of ethnicity in IHD case fatality also found that 
rurality did not play a contributing role in the increase 
in out-of-hospital mortality rates seen for Māori, although 
with an older geographical classification system.6 13

That a clear and consistent difference in hospital 
admissions between rural and urban populations in 
all age groups prior to their IHD-related death was not 
able to be demonstrated in our study is in contrast to 
findings in other countries, where a higher proportion 
of rural compared with urban people do not access 
hospital services before IHD death.7 The reason for 
these results is unknown and needs further exploration; 
however, possible contributing factors include a rela-
tive lack of defibrillators and emergency responders in 
rural compared with urban areas and complex migration 
patterns in older adults.

Once a major ischaemic heart event results in cardiac 
arrest, a key predictor of survival is the time to defibril-
lation.24 25 In NZ, like other countries, access to defibril-
lators is decreased in rural regions and areas with high 
levels of socioeconomic deprivation.25–27 Again, similar to 
other countries, a large portion of rural NZ does not have 
access to timely emergency medical services.25 28 Ambu-
lances that do respond are more likely to contain a single 
crew.29 Both of these factors have been shown to decrease 
survival after out-of-hospital cardiac arrest.28 Patients who 
present with ST segment elevation MI to hospitals without 
PCI facilities (rural and urban non-interventional) were 
less likely to attend hospital via ambulance, indicating 
that these may have been unavailable or not called.30 The 
lack of defibrillators and ambulance services in rural areas 
may account for the findings seen in our study in younger 
age groups, where rural non-Māori people had slightly 
higher rates of dying from IHD without a hospital admis-
sion preceding death. However, this does not explain the 
pattern for those older than 75 years where non-Māori 
people who died were more likely to have an admission in 
the preceding 30 days.

The contrast observed in our study, where non-Māori 
aged less than 75 years had increased odds, while those 
75 years and older had decreased odds of dying without a 
preceding admission, is a phenomenon that has also been 
seen in a prior NZ-based study.2 This difference is likely 
to be related to complex migration patterns between 

rural and urban areas in this older age group and needs 
further examination.2

Slightly more than a third of the all-cause admissions 
that did occur in the year prior to IHD death were for 
circulatory system diseases. This highlights the opportu-
nity for and the important role that secondary cardio-
vascular risk prevention has. In NZ Māori and those 
who live in more socioeconomically deprived areas are 
less likely to have aspirin and statins dispensed 3 years 
after an IHD hospital admission.31 32 Whether this is due 
to changes in prescribing practices or patient-related 
barriers to medication use is unclear. Although there 
are no studies comparing the long-term prescribing of 
secondary prevention medications between rural and 
urban NZ populations, a higher percentage of Māori live 
in rural (compared with urban) areas, and people (partic-
ularly Māori) who live in rural areas are more likely to 
live in areas with greater socioeconomic deprivation.8 
Internationally, there is evidence of reduced prescribing 
of secondary prevention medications for rural people.33 
Disparities in the continuation of secondary prevention 
medications have been postulated as a mechanism for the 
increased mortality at 2 years seen for people presenting 
to rural hospitals, compared with urban hospitals after 
ACS.10

The remainder of the admissions to hospital (approx-
imately 61%) were for other reasons. While primary 
cardiovascular risk screening in NZ is largely within 
the domain of general practice rather than secondary 
hospital care, there is perhaps an opportunity to update 
or provide cardiovascular risk screening and prevention 
either as inpatients or soon after discharge.34 Internation-
ally, rural people have a greater burden of both modifi-
able and unmodifiable risk factors that increase the rates 
of cardiovascular disease.35 36 Using the hospital admis-
sion as a catalyst to undertake this screening is particu-
larly relevant for the approximately 6% of all people 
in NZ and the 10% of Māori who are not enrolled with 
general practices in NZ.37

Strengths and limitations
A major strength of this study is that linked national 
datasets were used. This means that almost all deaths 
and hospitalisations in NZ were able to be included. The 
use of a novel geographic classification taxonomy that 
was specifically designed for health purposes was also a 
strength.

The predominant limitation of this study was the poten-
tial for variability in mortality and hospitalisation within 
the underlying population that was not accounted for. 
However, concerns about any underlying variation in 
mortality rates are tempered by previous studies that show 
that mortality was similar between patients presenting to 
rural and urban hospitals with ACSs.9 10 The lack of appro-
priate and accurate denominator data for the hospital 
catchments was a particular barrier in performing a 
mortality rate study. This has meant that underlying 
mortality rates and mortality rate ratios were unable to 
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be calculated in this study. Future studies are required to 
determine rural–urban mortality rates.

The reliance on accurate coding of IHD as the cause 
of death in MORT was an additional limitation. The 
accuracy of death certificate coding for IHD varies in 
the international literature,38 with no recent NZ-based 
study.39 Postmortem examinations are relatively rarely 
performed in NZ, with 23% of Māori and 11% of non-
Māori receiving this examination.40 Internationally, rates 
of postmortem examinations are lower in rural compared 
with urban populations.41 It is unknown if the accuracy of 
death certification differs between rural and urban popu-
lations. Differences in coding practices within the NMDS 
for people who live in rural areas and present to rural 
health services are also unknown and could be a poten-
tial cause of bias.2 10 The potential for miscoding in the 
NMDS was mitigated by including an admission for any 
reason as an outcome measure.

A further limitation is that only healthcare encounters that 
resulted in admission to hospital were considered. Emer-
gency department stays greater than 3 hours are included 
in the NMDS, but contact with general practitioners, ambu-
lance, other prehospital care providers or short emergency 
department stays are not recorded.15 In rural NZ, as in 
other countries, there is a blurring of the roles provided by 
rural healthcare workers, and patients may receive emer-
gency care without being included in national datasets.42 
Therefore, there might be some people who died and may 
have had recent contact with rural clinicians who will not 
have been included in the NMDS.

The data used in this study were from 2011 to 2018. This 
is because of the delay in updating NZ’s National MORT. 
It is possible, but unlikely, that these findings would be 
different if more up-to-date data were available. There was 
a smaller number of Māori in this study compared with 
non-Māori, which led to a small increase in the uncer-
tainty in the ORs that were calculated for each of the four 
outcome measures. This lack of power makes it harder to 
draw conclusions; however, it remains essential to present 
results separately for Māori as part of the commitment to 
Te Tiriti o Waitangi and Māori data sovereignty princi-
ples to ensure that disparities are not missed. To decrease 
the effect of small numbers in rural populations, the 
three rural classifications (R1, R2 and R3) were grouped 
together. It is possible that there are large variations in IHD 
mortality and hospital admissions between residents of the 
three rural categories, especially for Māori, that were not 
able to be considered in this study.1

The NZ deprivation index (NZDep) was not included 
as a potential confounder when estimating the adjusted 
ORs for outcomes of interest. This was because the effects 
of socioeconomic deprivation and rurality are difficult to 
separate, and the sparse data for people who lived in both 
rural and low socioeconomic areas. Therefore, the inclu-
sion of NZDep in the model would likely remove some 
of the effects of rural–urban differences that we want to 
estimate. NZ’s administrative datasets, including MORT, 
have been shown to misclassify and undercount Māori, 

which may result in an underestimation of the frequency 
of IHD death and admission for Māori.43 44

Policy and practice implications
Improving access to prehospital emergency services and 
defibrillators in rural and socioeconomic deprived areas, 
as well as better education on the signs and symptoms 
of acute IHD, have previously been highlighted as inter-
ventions to reduce unexpected out-of-hospital death.27 45 
Ensuring that these interventions are contextually and 
culturally appropriate is essential.27 46 Using every oppor-
tunity, including hospital admissions not directly related 
to IHD, to ensure that primary and secondary prevention 
screening and management of cardiovascular disease is 
also warranted.31 32

While the trend in younger people cannot be ignored, 
this study suggests that the lack of difference in ACS 
mortality found for people who present to rural and 
urban hospitals in NZ is unlikely to be due to people 
dying before they are able to be admitted to a hospital 
facility.9 10 In fact, there is evidence of increased hospital 
use for rural non-Māori compared with urban non-Māori 
75 years and older—an age group that contributes most 
to overall cardiovascular mortality rates.2 The findings 
in our study are also unlikely to explain the increase in 
cardiovascular mortality and all-cause and amenable 
mortality for rural Māori.1 13 A better understanding of 
the healthcare needs and consumption patterns across 
the age groups in rural areas is required.2

CONCLUSION
Of people who died of IHD in NZ, those who lived in rural 
areas had similar odds of dying without having a hospital 
admission in the preceding 30 days or 1 year to those who 
lived in more urban areas. The major exception to this 
was rural non-Māori who were aged 55–64 years and rural 
Māori aged 75 years and older who had slightly increased 
odds of not being admitted to hospital compared with 
urban non-Māori aged 55–64 years and urban Māori aged 
75 years and older, respectively.

In contrast, rural non-Māori aged 75 years and older 
were less likely to die without a hospital admission than 
urban non-Māori aged 75 years and older. Acknowl-
edging the limitations of the proportional mortality study 
design, this study suggests IHD death that occurs without 
a preceding hospital admission is unlikely to influence 
the interpretation of rural–urban differences in current 
mortality data following admission with ACS. There 
is an opportunity for health professionals to improve 
primary and secondary cardiovascular risk assessment 
and management for those who are admitted to hospital.
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