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Abstract

Objective To test whether trends in breast cancer mor-
tality varied by ethnicity and socio-economic position
during the 1980s and ‘90s in New Zealand.

Methods Four cohorts of the entire New Zealand popu-
lation for 1981-84; 86—89; 91-94 and 96-99 allowed direct
determination of socio-economic trends in breast cancer
mortality. For ethnicity, unlinked routine census and mor-
tality data were used with adjustment factors for under-
counting of Maori and Pacific deaths.

Results Maori and non-Maori non-Pacific mortality rates
changed little until mid-1990s with Maori experiencing
25% higher mortality. In 1996-99, Maori rates increased
notably to become 68% higher than non-Maori non-Pacific
(SRR 1.68; 95% CI: 1.49-1.90). Pacific women experi-
enced an approximate three-fold increase in breast cancer
mortality over time.

There appeared to be reducing mortality among higher
income and education groups but trends within socio-eco-
nomic groups were not statistically significant. Neverthe-
less, by 1996-99, there was a significant 22% excess
mortality (SRR 1.22; 95% CI: 1.01-1.49) for low com-
pared with high-income groups.

Conclusions Widening ethnic, and probably, socio-eco-
nomic disparities in breast cancer mortality are likely due to
both underlying incidence and differential survival trends.
Disparities are likely to increase once the full differential
mortality benefits of screening impact on the population.
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Introduction

As in many other regions in the world, incidence rates of
breast cancer have markedly increased in New Zealand,
nearly doubling between 1956 and 1996. In contrast, over
the same period, mortality rates have been relatively stable
and probably declined since the mid-1980s [1-3] Increas-
ing incidence is thought to be largely due to increasing
lifetime exposure to oestrogens due to delayed childbear-
ing, increases in post-menopausal obesity, younger age at
menarche and older age at menopause, as well as the recent
increase in access to screening [2, 3]. The stable or
reducing mortality seen in New Zealand and in other
countries is likely to be largely due to earlier detection of
breast cancer and improvements in treatment [3].

A number of international studies have suggested that
both breast cancer incidence and mortality are more
common among women from higher socio-economic
groups—in the past at least [4, 5]. However, time trend
studies suggest that this pattern is becoming less marked
and may be disappearing, particularly for mortality [6-9].
There are also a number of reports of ethnic minority
groups experiencing increasing incidence and/or mortality
from breast cancer particularly over the last two or three
decades [10-13].

There is good reason to expect varying trends in breast
cancer incidence and mortality by social groups within
countries—in particular, by ethnicity and socio-economic
position. For example, patterns in factors resulting in
variations in ‘lifetime exposure to oestrogens’ varied
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between socio-economic and ethnic groups in New Zea-
land. In New Zealand fertility rates fell most notably
among Europeans initially (total fertility rate 4.12 in 1962,
falling to 1.97 in 1999), but have been followed by dra-
matic declines among Maori (the indigenous population;
6.18 in 1962 to 2.69 in 1999) [14]. Similarly for survival
rates, the inverse care law [15] and, by extension, the in-
verse equity hypothesis [16] predicts that higher socio-
economic groups (and more advantaged ethnic groups) will
receive the benefits of new and improved treatments for
breast cancer before lower socio-economic groups.

The aim of this paper is to test the hypothesis that trends in
breast cancer mortality have varied by socio-economic po-
sition and ethnicity in New Zealand during the 1980s and
1990s, resulting in changing socio-economic and ethnic
disparities over time. From an international perspective, this
study contributes to a growing literature on ethnic and socio-
economic disparities in cancer incidence and outcomes. In
New Zealand, disparities in health experiences and status
between Maori (the indigenous population), Pacific ethnic
groups, and non-Maori non-Pacific (predominantly Euro-
pean) ethnic groups are well documented and long-standing.
Both Maori and Pacific people are socio-economically dis-
advantaged compared to New Zealand Europeans, and de-
spite a nominally universal health care system, have worse
access to health services and health care [17]. Second, the
linkage of census and mortality datain New Zealand allows a
rigorous analysis of both socio-economic and ethnic trends
in one country. From a New Zealand perspective, mortality
(and incidence) rates have been calculated before [18-21],
but differences in the collection of ethnicity on mortality data
compared to census data make these results prone to
error—especially for trend analyses. Socio-economic trends
in breast cancer mortality have not been previously described
in New Zealand.

Materials and methods
Linkage of census and mortality data

The anonymous and probabilistic record linkage in the
New Zealand Census-Mortality Study (NZCMS) is de-
scribed in detail elsewhere [22]. Briefly, four cohorts of the
total New Zealand population aged 0-74 years on census
night were created for 1981-84, 1986-89, 1991-94 and
1996-99. The percentage of eligible mortality records
linked back to a census record ranged from 71% to 78%,
and at least 96% of the links were estimated to be true links
[23]. Deaths from breast cancer (ICD 174) were identified
from the ICD code for underlying cause of death from the
mortality data.

@ Springer

Determining ethnic and socio-economic trends

The NZCMS data was central to our calculation of both
ethnic and socio-economic trends in cancer mortality. But
we used different methods for ethnic and socio-economic
analyses. There was no alternative other than to conduct
analyses directly on the linked data (i.e. linked census and
mortality records) to determine socio-economic trends.
However, for ethnic analyses we actually used routinely
collected national mortality data that includes data on
ethnicity, but adjusted them for undercounting of Maori
and Pacific deaths using adjustment ratios calculated from
the NZCMS. This latter method had the advantage of being
able to include 5 years of mortality data for each period
(rather than just the 3 years linked back to each census),
conferring an important improvement in precision and
stability of mortality rate estimates for the relatively small
Maori and Pacific populations. This meant there were
slightly different time periods covered by the ethnicity
and socio-economic analyses. These two methods are now
described in more detail.

Ethnicity trends

Mortality data were provided by year of registration of
death and grouped into four periods: 1980-84, 1985-89,
1990-1995, and 1996-99. Census data for 1981, 1986,
1991 and 1996 by strata of sex, age and ethnicity were used
as denominator data in the calculation of mortality rates.
We used a prioritised approach to the categorisation of
ethnicity, by which the Maori population includes all those
people with at least one of the (up to three) self-identified
ethnicity responses on the 1986, 1991 or 1996 census being
Maori or, in 1981, if any degree of Maori ethnic origin was
recorded. Otherwise, ethnicity was assigned as Pacific if
one of the self-identified ethnic groups was Pacific, or any
degree of Pacific ethnic origin (in 1981) was noted. Pacific
is an aggregate term that includes a number of specific
ethnic groups. The remaining non-Maori non-Pacific group
includes all other people, predominantly European New
Zealanders.

To adjust for the undercounting of Maori and Pacific
deaths on mortality data, we used adjustment factors cal-
culated from the NZCMS described in detail elsewhere
[24]. Briefly, by cross-classifying the mortality and census
data coding of ethnic groups for the linked dataset we were
able to calculate adjustment factors that, when applied back
to routine mortality data (by strata of sex and age), gave the
expected number of deaths for each ethnic group had the
census definition of ethnicity applied. These corrected
mortality counts and the census population counts were
then used to calculate direct age-standardised mortality
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rates (and 95% confidence intervals [CI]), using the WHO
standard population as the standard population.

Socio-economic trends

The census collects highest educational qualification and
gross personal income. An intercensal classification of
educational qualifications was used to harmonise educa-
tional categories across censuses. Educational qualification
was missing for between 2% and 11% of census respon-
dents. Educational groups were classified as no educational
qualifications, school level qualifications only, and qualifi-
cations gained post school. Personal incomes were collated
up to the household level, then equivalised for economies of
scale based on the numbers of children and adults in the
household using a New Zealand-specific index [25] and
finally consumer price index adjusted to 1996 dollars. The
household income variable was unable to be calculated for
between 15% and 21% of individuals due to one or more
adults in the household being absent on census night or
declining to report an income. The equivalised household
income variable was treated as a 3-level categorical variable
(approximate tertiles) for the majority of analyses.

Analyses

Mortality rates (and 95% CI) by ethnicity were calculated
with direct standardisation to the age structure of the 1991
cohort. Mortality rates by level of education and income
(each three-levels) were calculated with direct standardi-
sation both to the age and ethnic structure of the 1991
cohort. We standardised the socio-economic variables for
ethnicity as well as age, because ethnicity, as a determinant
of socio-economic position (see Table 1) and, indepen-
dently, a determinant of health, is a potential confounder.
We used weighted person-time data in these calculations,
where the weighting adjusted for any linkage bias due to
variation in the proportion of mortality records linked to a

census record [26]. For example, if 20 out of 30 eligible
mortality records for 45- to 64-year-old Maori females
living in moderately deprived areas in the north of New
Zealand were linked to a census record, then each of the 20
linked records were assigned a weight of 1.5 (i.e. 30/20).
These weights were calculated for many strata. Sensitivity
analyses published elsewhere suggest the weights are
reliable at adjusting for any residual linkage bias [26].

To determine the socio-economic differences in breast
cancer mortality by income and education, we calculated
relative indices of inequality (RII) in addition to rate ratios
[27]. The RII is equivalent to a relative risk measure for the
poorest compared to the richest (or people with lowest
compared to highest educational qualification), but utilises
mortality rates across all levels of income (and education)
using regression, that is the RII overcomes the problem of
socioeconomic groups changing in size over time. Mor-
tality rates by quintile of income, and five-levels of edu-
cation, were used in the calculation of RIIs.

Results
Ethnicity

The numbers of breast cancer deaths in the period 1980-84
were 104 Maori women and 1,842 non-Maori non-Pacific
women. The respective numbers of deaths among Maori
and non-Maori non-Pacific women in the other time periods
were 102 and 2,003 in 1985-89; 140 and 2,406 in 1990-95
and 217 and 1,474 deaths in 1996-99. In the 1980s and early
90s, both Maori and non-Maori non-Pacific mortality rates
were stable (Fig. 1). However, in the most recent cohort
Maori mortality rates increased, and non-Maori non-Pacific
rates decreased slightly. As a result, Maori mortality rates
were about 25% higher than non-Maori non-Pacific during
the 1980s and 1990-1995, and 70% higher in 1996-99
(standardised rate ratios and 95% CI in Table 2). There was

Table 1 Number (percentage) of Maori and non-Maori non-Pacific (NMNP) women aged 25-77 years by income and education groups in the

1981, 1986, 1991 and 1996 New Zealand censuses

1981 1986 1991 1996
Maori NMNP* Maori NMNP* Maori NMNP* Maori NMNP*
Equivalised household income
Low 23,928 (50.2) 209,403 (35.0) 28,239 (48.7) 239,316 (35.4) 40,410 (56.1) 259,323 (36.1) 44,661 (50.6) 262,164 (35.0)
Medium 14,034 (29.5) 182,766 (30.5) 19,317 (33.3) 225,279 (33.3) 18,453 (25.6) 196,230 (27.3) 22,662 (25.7) 194,892 (26.0)
High 9,681 (20.3) 206,685 (34.5) 10,470 (18.0) 211,701 (31.3) 13,209 (18.3) 262,404 (36.5) 20,859 (23.7) 291,780 (39.0)

Educational qualifications

Nil 44,883 (79.3) 387,213 (59.7) 47,178 (68.3) 327,630 (45.5) 52,491 (59.0) 281,751 (34.7) 58,287 (51.0) 279,603 (32.6)
School only 7,137 (12.6) 119,217 (18.4) 11,841 (17.1) 168,762 (23.4) 17,583 (19.8) 230,499 (28.4) 29,796 (26.1) 272,373 (31.8)

Post school

4,599 (8.1) 142,461 (22.0) 10,041 (14.5) 224,433 (31.1) 18,936 (21.3) 298,713 (36.8) 26,184 (22.9) 304,773 (35.6)

# Non-Maori non-Pacific
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Fig. 1 Breast cancer mortality rates (per 100,000) by prioritised
ethnic group, for women under 77 years. Footnote: using NZCMS
adjusters applied to routine data. Error bars are 95% CI, and P-values
are for trend of rates in each ethnic group

a similar pattern both for women aged under 45 years, and
45 years and older, with Maori women having excess
mortality from breast cancer over all time periods compared
with non-Maori non-Pacific women, particularly in the
1996-99 cohort (data not shown).

The number of deaths among Pacific women was small
with 11 deaths in the 1980-84 period, increasing to 96
deaths by 1996-99. This meant that for Pacific women
there was an approximate three-fold increase in breast
cancer mortality over time, with non-overlapping confi-
dence intervals for the 1981-84 and 1996-99 rates. How-
ever, probably because of small numbers combined with
only four observation points, the test for trend is not
significant (P = 0.19). In the first cohort period Pacific
women appeared to experience considerably lower breast
cancer mortality than the other two groups, but in the last
cohort period they had the highest mortality rate.

Socio-economic position

The number of breast cancer deaths among women in the
lowest income group ranged from 375 deaths in 1981-84

Income
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Fig. 2 Breast cancer mortality rates (per 100,000) by equivalised
household income and education, for women 25-77 years. Footnote:
uses analyses directly on linked census-mortality data. Error bars are
95% CI, and P-values are for trend of rates in each socioeconomic

group

period to 528 in 1996-99. The numbers of deaths in the
middle-income group ranged from 300 to 366, and in the
high-income group from 273 to 312 deaths over the four
cohort periods. Figure 2 shows that between 1981-84 and
1996-99 the breast cancer mortality rate among the high
income group declined nearly 20% from 48 to 39 per
100,000 (P for trend 0.11), and to a lesser extent in the

Table 2 Breast cancer mortality standardised” rate ratios (and 95% CI) by prioritised ethnic group, for women under 77 years

1980-84

1985-89

1990-95 1996-99

Maori: non-Maori non-Pacific
Pacific: non-Maori non-Pacific

1.27 (1.10-1.48)
0.60 (0.40-0.91)

1.23 (1.07-1.42)
1.46 (1.15-1.85)

1.25 (1.10-1.42)
1.11 (0.91-1.36)

1.68 (1.49-1.90)
2.01 (1.68-2.41)

# Standardised for age
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Table 3 Breast cancer mortality standardised® rate ratios by equivalised household income and education, for women 25-77 years

1981-84

1986-89 1991-94 1996-99

Low: high income
No education: post school education

0.94 (0.76-1.17)
0.82 (0.66-1.03)

1.07 (0.87-1.32)
1.05 (0.88-1.25)

0.95 (0.79-1.13)
1.17 (1.00-1.37)

1.22 (1.01-1.49)
0.97 (0.83-1.12)

# Standardised for age and ethnicity

middle income group (52 to 46 per 100,000; P for trend
0.20). In contrast, there was no apparent trend among the
low-income group. Accordingly, by 1996-99 there was a
significant 22% excess mortality among the low income
compared to high-income women (SRR 1.22;95% CI: 1.01-
1.49, Table 3). This was also reflected in the relative index of
inequality of 1.4 (1.08-1.83) for 1996-99, which measures
the relative difference comparing the expected mortality risk
among the poorest person to the richest person.

The number of breast cancer deaths among women in the
lowest education group ranged from 606 to 738 deaths over
the four cohort periods. The number of deaths in the middle
education group ranged from 138 to 357, and the highest
education group from 183 to 378 deaths over the four
periods. For education, there was little change in mortality
rates over time for those in the lowest education group,
whilst those in the middle and highest groups appeared to
demonstrate a small and non-significant declining trend in
breast cancer mortality during the 1980s and 90s (Fig. 2).
This meant that what may have been an association of
higher breast cancer mortality with higher education in the
early 1980s (SRR 0.82; 95%CI: 0.66-1.03) disappeared
over the remainder of the period studied (Table 3).

Discussion

This study shows a widening gap between the breast cancer
mortality rates for Maori and non-Maori non-Pacific wo-
men in New Zealand, primarily due to increasing breast
cancer mortality among Maori women. There was also a
three-fold increase in Pacific breast cancer mortality, such
that by the end of the 1990s Pacific rates were twice those
of non-Maori non-Pacific women. There may also be a
trend of reducing breast cancer mortality among those in
the highest income and education groups compared with
little or no change in the lower income and education
groups, although these trends are of marginal statistical
significance. By the late 1990s, there was a significant 22%
excess in breast cancer mortality among the lower income
groups compared with the highest.

Whilst the NZCMS presents a unique international
opportunity to simultaneously examine socio-economic
and ethnic trends in breast cancer mortality, and accounts
for systematic differences in the way ethnicity data are

collected in mortality and census datasets, the results are
still prone to limitations. First, New Zealand is a relatively
small country, rendering trends stratified by either ethnicity
or socio-economic position to be somewhat imprecise
statistically. Second, not all eligible mortality records are
linked back to a census record. However, we adjust for any
resultant linkage bias using weights that have been shown
elsewhere in sensitivity analyses to be reliable [26].

Interpretation of ethnic trends

In New Zealand, there has been little difference in the
pattern for breast cancer incidence between Maori, Pacific
and non-Maori non-Pacific up to the 1990s, with the
exception of younger Maori women who have been reported
to have higher incidence rates [18-21]. More recent cross-
sectional population-based research has suggested that
while there may be a small excess risk among Maori women
in terms of incidence, there is considerably higher breast
cancer mortality among Maori compared with non-Maori
women [1, 28]. Similar patterns can be seen elsewhere, for
example, among African-American women compared with
White women in the United States [10]. The pattern of
similar incidence but higher mortality suggests a survival
disadvantage for Maori women compared with non-Maori
non-Pacific women in New Zealand. Such survival dispar-
ities among indigenous populations are also seen, for
example, in the United States and Australia [13, 29, 30].

Less data is available about Pacific women, with studies
suggesting they have lower or similar incidence to non-
Maori non-Pacific women [21, 31]. The rapid increase in
mortality among Pacific women during the 1980s and 90s
may be due to under-ascertainment of cases early in that
period, combined with increasing incidence due to
declining fertility and increasing rates of obesity [14, 32].
It is also likely that survival disparities exist for Pacific
women, but as yet there are no studies from New Zealand
investigating this issue.

Three studies have directly examined differences in
cancer survival between Maori and non-Maori non-Pacific
people in New Zealand. Two concluded that, for breast
cancer, most of the survival disparity was due to differ-
ences in stage at diagnosis [33, 34], while the third
suggested that even after adjusting for differences in
stage, significant disparities in survival persisted [35].
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Internationally some, but not all, studies have found ethnic
disparities in survival persist even after adjusting for stage
[7, 29, 36]. Other suggested reasons for survival disparities
between ethnic groups include delays in access to or
incomplete treatment among some groups, differences in
the presence of other co-morbidities, prevalence of smok-
ing, obesity and other risk factors, and genetic factors
resulting in more aggressive disease [29, 30, 37-39].

Stage at diagnosis is the single most important predictor
of survival for breast cancer. There is evidence that both
Maori and Pacific women are diagnosed at a later stage, with
larger tumours, more lymphatic involvement and more
distally metastatic disease [21, 33, 35]. Little research has
examined why Maori and Pacific women are diagnosed later
than non-Maori non-Pacific. The national mammographic
screening programme in New Zealand was initiated in 1998,
so whilst there are marked differences in screening coverage
by ethnicity, the impact of this is unlikely to be seen in these
mortality results. New Zealand has a partially subsidized,
mostly fee-for-service primary health care system, which
acts largely as a gatekeeper to universal secondary care and
specialist services. Nevertheless, there is some evidence to
suggest that Maori and Pacific people not only experience
more barriers in accessing primary care than non-Maori
non-Pacific people in New Zealand [40, 41], but also that
their experience of the health system may differ from that of
non-Maori non-Pacific people. For example, a recent
national audit of women with cervical cancer found that
there were longer delays between the identification of smear
abnormalities and final diagnosis among Maori women
compared with non-Maori non-Pacific women [42]. Also,
despite their higher cardiovascular mortality, Maori and
Pacific people receive fewer cardiac interventions than
expected [43, 44]. This evidence is consistent with evidence
from the United States which shows that there are ethnic
differences in the receipt of optimal cancer diagnostic,
treatment and palliative services [45].

In New Zealand, Maori and Pacific people experience
higher rates of morbidity and mortality, are more likely to
smoke and have higher levels of obesity than non-Maori. It
is possible that these differences may account for some of
the disadvantage in terms of cancer survival. These factors
are thought to affect survival both directly and through
their adverse effects on treatment adequacy [36, 46—48].
There are no studies in New Zealand that examine this
issue, however, there is some evidence from the US that
even after adjusting for differences in underlying co-mor-
bidity, disparities in survival rates between African-
Americans and Whites persist [49], suggesting that this is,
at best, a partial explanation.

The potential role of genetic differences between ethnic
groups has not been thoroughly explored in New Zealand.
International evidence suggests that while some ethnic
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groups are at greater risk of carrying high-risk genes for
breast cancer, no such evidence exists for Maori and Pacific
Island women in New Zealand [38]. Furthermore, genetic
susceptibility cannot adequately explain the increasing
disparities in breast cancer mortality over this 20-year time
frame.

Socio-economic status

Our study suggests the emergence of socio-economic
disparities in breast cancer mortality, which are not as large
as the ethnicity disparities described above. As such, our
results are consistent with emerging international data on
changing socio-economic disparities [6-9] which shows
that while breast cancer mortality may have been more
common among women from higher socio-economic po-
sition in the past, that association has disappeared and is
now appearing to reverse. Interestingly, while there is
undoubtedly a greater difference in mortality than inci-
dence between ethnic groups in New Zealand, such a
pattern is not evident for socio-economic groups. For
example, recent work using an area-based measure of so-
cio-economic position (NZDep) demonstrated a significant
negative socio-economic gradient in breast cancer inci-
dence but not mortality using data from 1996 to 97 [1]. The
study presented here, which uses individual measures of
socio-economic position over a 20-year time period, does
suggest a negative gradient may be emerging for mortality
also, and it would be interesting to do similar trend anal-
yses for breast cancer incidence using New Zealand data.
In general, the findings are consistent with the idea that
changes in the socio-economic patterning of breast cancer
mortality in New Zealand may be primarily due to changes
in underlying risk factors such as changing patterns in
childbearing, and increases in post-menopausal obesity,
resulting first in changes in incidence, followed by mor-
tality. However, it is likely that there are socio-economic
survival differences within New Zealand such as those
documented in other countries [4]. These differences can
be explained using the inverse equity theory, which sug-
gests that inequality will initially increase as individuals
within higher socio-economic groups access new technol-
ogies such as improved breast cancer treatments, prior to
those within lower groups [16].

Conclusion

This paper has highlighted the increasing ethnic and pos-
sibly socio-economic disparities in breast cancer mortality
in New Zealand during the 1980s and 1990s. These find-
ings are important because firstly, there are clearly dis-
parities that exist now, and which are important in their
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own right; secondly, there is evidence that these disparities
may be increasing, and thirdly once the full differential
mortality benefits of screening impact on the population, it
is likely that disparities will increase more rapidly, at least
for older women.
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