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Abstract

Objective: To detect spatial clusters of high infant mortality rates in New Zealand for Maori
and non-Maori populations and verify if these clusters are stable over a certain time period
(1995-2008) and similar between the two populations.

Method: We applied the Kulldorff’s spatial scan statistics on data collected by New Zealand
Ministry of Health (1995 to 2008) at the territorial local authorities (TLA) level. Kappa
coefficient was used to assess the concordance between clusters obtained for Maori and non-
Maori populations. T-test analyses were conducted to identify associations between spatial
clusters and two predictors (population density and deprivation score).

Results: There are some significant spatial clusters of infant mortality in New Zealand for
both Maori and Non-Maori. The concordance of the cluster locations between the two
populations is strong (kappa=0.77). Unsurprisingly, infant mortality clusters for both Maori
and Non-Maori are associated with the deprivation score. The population density predictor is
only significantly and positively associated with clusters obtained for the non-Maori
population. After controlling for deprivation the presence of spatial clusters is all but
eliminated.

Conclusions: Infant mortality patterns are geographically similar for both Maori and Non-
Maori. However, there are differences geographically between the two populations after
accounting for deprivation.

Implications: Health services which can affect infant mortality should be aware of the
geographical differences across NZ. Deprivation is an important factor in explaining infant
mortality rates and policies which ameliorate its effects should be pursued as it is the major

determinant of the geographical pattern of infant mortality in NZ.
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Background

It is widely accepted today that infant mortality, defined as the number of deaths of children
under one year of age per 1000 live births, is an important indicator of the health of a
country’s population [1-3]. Despite declines experienced over the last few decades
internationally, New Zealand’s (NZ) infant death rate remains high. To compare, NZs infant
death rate (5.1) is similar to the United Kingdom’s (5.0) and within the OECD in 2006, this
rate varies from 1.4 to 22.3[4], with NZ coming 27 out of 34 countries (Figure 1).

In recent decades, particular attention has been paid to factors associated with high infant
mortality, but also on the disparities in infant mortality rates among countries. The influence
of biological factors, such as weight, preterm birth mothers age as well as social factors; the
socio-economic position of the family, maternal education level, mother’s country of birth,
birth registered solely by the mother [5-8] are all important determinants of infant mortality.
International comparative studies show that infant mortality rates gradually vary from one

country to another [4, 9-13].

Other studies have focused on showing important variations in infant mortality rates within a
country or a region and in different geographical contexts, particularly in Austria [14], Brazil
[15], South Africa [2, 16], West Africa [17, 18], Michigan [19] and in Alexandria (Egypt)
[20]. Racial and ethnic disparities in infant mortality have been largely documented,
especially in the U.S. [21-23]. Finally, other studies have demonstrated that infant mortality
rates are higher for the indigenous children in several countries [24, 25]. The indigenous
dimension is also particularly important in infant mortality analysis in New Zealand.
Although recently it has clearly diminished within the Maori population, there still remains a
3 percentage point difference between the infant mortality rates of the Maori and non-Maori

populations (Figure 2).

At present, it would appear that no study has addressed the subject of spatial disparities of
infant mortality in New Zealand beyond simple descriptive analysis as reported in Ministry of
Health documents [26] or by the New Zealand Paediatric Society [27]. Nevertheless, as put
forward by Sartorius and colleagues [2, 16], the spatial variations of infant mortality has

implications for health policy interventions, as it can help target areas to deploy specific



interventions to tackle infant mortality. Furthermore, it is possible that these areas would be

different for Maori and non-Maori populations.

Consequently, the objectives of this paper are twofold. Firstly, we want to identify clusters of
infant mortality rates in New Zealand for Maori and non-Maori populations and verify if
these clusters are stable over a certain time period. Secondly, we compare the location of the
clusters obtained for both populations. By doing so, we verify if the geographic patterns of
infant mortality for the Maori population are statistically different compared with the non-

Maori population.
Methods
Study area and population and geographic data

The data on infant mortality were obtained from the New Zealand Ministry of Health. The
geographic analysis is based on 72 territorial local authorities (TLA) (from the 2006 Census
mean population size=58 105, median=33 950, interquartile range = 14 875-56 975; mean
area size=3 667 km?, median=2 383 km?, interquartile range = 1 151-4 664 km?), covering
the whole country, with the exception of the Chatham Islands. Three datasets were available.
The first one contains 1 632 783 live births and 13 110 infant deaths (under one year old) for
the whole population, recorded between 1980 and 2008. The two other datasets correspond to
a shorter period (1995-2008) and are for the Maori and non-Maori populations with
respectively 228 821 and 580 652 live births and 2 821 and 1 893 infant deaths. Mortality
data collected prior to September 1995 on ethnicity is different to data after this point due to a
definitional change [28] with the result that Maori death rates were undercounted and

therefore increased due to this change.
Statistical methods

To identify TLAs with significantly high incidence rates of infant mortality for both
populations, we used Kulldorff’s spatial scan statistics, assuming that the incidence of infant
mortality follows a Poisson distribution. The analyses were conducted in SatScan software
(version 9.1.1.) [29], by setting the parameters as such: a scan for areas with only high rates,
an ellipse as a spatial window shape, 50% of the total population as the maximum spatial
cluster size, 9 999 Monte-Carlo replications to test for statistical significance, and years as

time precision. It is worth noting that SatScan is largely used in epidemiological studies to



detect clusters of various types of cancer [30-35], but also of low birth weight and infant

mortality [19].

In practical terms, the elliptic window scans the study area with different shapes and angles
that will never reach more than half the total live births. Under the Poisson assumption, the
likelihood function compared the observed and expected numbers of infant deaths for each

scanning window as follows:

d \'( p-a "
{51 (572Ha)
where D is the total number of infant deaths over the whole area, d is the infant deaths within

the scanning window, and E/d] is the expected number of infant deaths within the window

under the null hypothesis:
Eld]=p*DIP

where d and D are defined above, p and P are respectively the live births within the scanning

window and in New Zealand.

Two types of clusters are identified by the The Kulldorff’s scan statistics identify: the most
likely cluster and secondary clusters in descending order according to their significance (P
value). For each cluster, output results contains the number of the territorial local authorities
(TLA), the observed and excepted numbers of infant deaths, the annual cases per 1000 live
births, the relative risk, the log likelihood ratio and its P value. The relative risk is the ratio
between “observed divided by the expected within the cluster divided by the observed
divided by the expected outside the cluster” ([29]):

~ d/E[d] ~ d/E[d]
~ (D-d)KE[D]-Ela])  (D-d)/(D-E[d]))

For a detected cluster, a RR value greater than 1 indicates a high infant mortality rate area in

comparison with the rest of New Zealand.

In order to assess if the locations of the clusters for the populations are stable over a certain
period, four spatial analyses were carried out: the whole period (1995-2008), and three sub-
periods (1995-1999, 2000-2004 and 2005-2008). Since it has been amply demonstrated that
infant mortality is associated with social deprivation, these four analyses were also carried

out adjusting for social deprivation. The New Zealand deprivation index (NZDep2006) is



constructed from nine variables which included; no telephone; unemployed; single parent
families; no qualifications; non home owners; no access to car; occupancy threshold[36].
More specifically, occupancy is a measure of housing space available and persons usually
resident in the house (i.e. overcrowding). Finally, to assess the similarity of the Maori and
non-Maori infant mortality clusters obtained for these four periods, the well-known Cohen’s
Kappa coefficient was used [37]. In short, the statistic allows to evaluate the degree of
concordance between two nominal variables with identical categories. Here, the variables
could be divided in three categories: a TLA which belongs to the most likely cluster of infant
mortality, a TLAs which belongs to a secondary cluster, and a TLA not included in a
significant cluster. According to the values of the Kappa coefficient, which varies between 0
and 1, the degree of concordance will be determined as follows: poor (k < 0.2), fair (0.2 <k <

0.4), moderate (0.4 <k < 0.6), good (0.6 <k <0.8); excellent (k > 0.8), and perfect (k=1).
Results
Spatial analysis of infant mortality

Kulldorff's spatial scan statistics allows the identification of several clusters for both
populations. Note that only the significant clusters are reported (P<0.10), with the exception
of the cluster for the non-Maori population for the 1995-1999 period (Table 1 and Figure 3).
In applying this significance threshold, only the most-likely clusters are significant. In other

words, the secondary clusters are not significant.

For the Maori population, SatScan found a most likely cluster which groups 26 TLAs located
in the North Island during the whole period (1995-2008). In this area, the Maori infant
mortality incidence rate is 26% higher than in the rest of the country (relative risk = 1.26;
P=0.001). The results obtained for the three sub-periods are quite similar: clusters are also
located in the North Island with respectively 14 (1995-1999), 25 (2000-2004) and 25 TLAs
(2005-2008). Values of the Kappa coefficient reported in Table 2, all above or equal to 0.60,

reinforce the idea of a certain geographical stability of clusters all through the period.

However, the clusters’ stability seems more limited for the non-Maori. First, the number of
TLAs belonging to the most likely cluster varies a lot: 34 for the whole period (1995-2008),
as compared to 6, 22 and 30 for the three sub-periods. Then, for the 1995-1999 sub-period,
even with the non-significant cluster (p=0.477), it regroups six TLAs located on the South



Island, whereas all the others are present on the North Island (Figure 3.e to 3.h). The lowest
Kappa values support this observation (Table 2).

We can also note that for the whole period (1995-2008), the clusters of both populations are
quite similar with relative risks almost identical (1.26 for the Maori population versus 1.25
for the non-Maori population) and a geographical localization fairly similar on the North

Island. Thus, their degree of concordance is good as shown by the Kappa statistic (0.77).

To characterize these clusters, we have retained two variants from the 1996, 2001 and 2006
Census of New Zealand: population density (inhabitants per square kilometre) and
deprivation score. Then, both selected predictors were analysed separately by performing an
independent group T-test in order to compare the average values of the TLAs belonging to
the most likely cluster, and those of the TLAs which were not included in a cluster (Table 3).
This analysis was conducted by using the SAS PROC TTEST procedure [38]. The first
interesting observation, except for the 1995-1999 sub-period, is that all the non-Maori
population clusters contain TLAs with a significantly more elevated population density,
whereas for the Maori population, this predictor is always not significant (Table 3). Second,
the deprivation score is always significant no matter which population is being studied,
except for the 1995-1999 non-Maori cluster (p=0.155) which contains only six TLAs located
in the South Island where the deprivation score is weaker. Indeed, unsurprisingly, the TLAs
belonging to an infant mortality cluster always exhibited a higher level of deprivation (Table
3). This corroborates the studies which mention that infant mortality is highly associated with
poverty (similar but not the same as deprivation), and clearly demonstrates a necessity to

control for this factor when identifying spatial clusters [5, 7, §8].
Spatial analysis adjusted by for deprivation

Once we control the poverty levels by using the deciles of deprivation, the presence of infant
mortality clusters is more limited. On the one hand, many most-likely clusters become non
statistically significant, particularly for the non-Maori population (Table 4). On the other
hand, the number of TLAs belonging to these clusters is very limited, varying from 1 to 8.
Finally, analyses conducted for the three sub-periods show that clusters are not very stable
geographically as some of them are localized on the North Island while others are in the

South Island (Figure 4).



Discussion

This study has highlighted the importance of ethnic differences seen elsewhere, but
specifically the unique Maori versus non-Maori dimension observed in New Zealand.
However, it could be argued that the importance of deprivation is key to understanding these
ethnic differences. Other studies worldwide [2, 9, 14-16, 19-23] corroborate our findings that
there are important geographical variations within countries or regions, which also exist in
New Zealand. Therefore, the Kulldorff's spatial scan statistics have proven to be an effective
tool to identify areas with high incidence rates where it could be relevant to deploy specific

interventions to reduce infant mortality.

There is also a consistent Maori disadvantage over time compared with non-Maori. Although
the overall trends are tracking downwards, which is positive, there remains a consistent 'gap’

over time, which could, or should, be reduced.

The North island of New Zealand exhibits the largest and most consistent spatial cluster of
infant mortality for both Maori and non-Maori, from south Auckland to New Plymouth
covering most of the central North island. It is important to emphasise that this cluster almost
disappears once deprivation is controlled for, which again strongly suggests that policies
which target deprivation will have an impact on the higher infant mortality rates for areas
within New Zealand. Similarly, in a study in England, [39] looking at infant mortality rates
deprivation was found to be a significant predictor of increased rates, but only one ethnicity
was significantly associated with increased rates of infant mortality. In metropolitan areas in
the United States, the effect of high-poverty was again a significant predictor of infant
mortality rates, but regional factors were also important [40]. This illuminates some
important international differences. It could be argued that the most effective way of
reducing both geographical and ethnic inequalities would be to target the most deprived areas

in New Zealand.

In terms of limitations of this study it is important to note the changing definition of the
Maori ethnicity as well as the ecological fallacy, noting that what may be true for an area may

not be true for individuals within that area.
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Table 1. Purely spatial analyses according to ethnicity

Maori population Non-Maori population
Study period 1995-  1995-  2000- 2005- | 1995- 1995- 2000-  2005-

2008 1999 2004 2008 2008 1999 2004 2008
Live births® 16345 15892 15653 17779 | 41477 40981 40392 43453
Total number of deaths 1893 745 644 504 | 2821 1091 1005 705
Annual cases / 1000 8.27 9.38 8.23 7.09 4.86 5.33 4.97 4.17
Most likely cluster® A B C D E F G H
TLAs included 26 14 25 25 34 6 22 30
Infant deaths 994 208 329 302 | 1568 69 475 330
Expected infant deaths 886 161 283 251 | 1410 48 415 260
Annual cases / 1000 929 12.14 9.56 8.52 5.40 7.65 5.69 5.30
Relative risk 1.26 1.41 1.33 1.51 1.25 1.47 1.27 1.50
Log likelihood ratio 12.45 8.34 6.57 1034 | 17.80 4.23 725 1438
P-value 0.001  0.023 0.094 0.002 | 0.000 0.477 0.053 0.000

@ Average population during the study period. ® For the location of each cluster, see Figure 2. Only
the statistically significant clusters are reported (with P<.10), with the exception of the F cluster.

Table 2. Degrees of concordance between purely spatial clusters according to time period and
ethnicity (simple kappa coefficient)

Maori population Non-Maori population
Study 1995-  1995-  2000- 2005- | 1995- 1995- 2000-  2005-
period 2008 1999 2004 2008 2008 1999 2004 2008
1995-2008 - 0.60 0.97 0.79 - n.d. 0.60 0.83
1995-1999 0.60 -- 0.62 0.49 n.d. - n.d. n.d.
2000-2004 0.97 0.62 - 0.75 0.60 n.d. -- 0.41
2004-2008 0.79 0.49 0.75 -- 0.83 n.d. 0.41 -
Non-Maori 0.77 n.d. 0.59 0.56 -- -- -- --

n.d.: because the most likely cluster of the Non-Maori population (1995-1999) contains
only six TLAs for the 1995-1999, the kappa coefficient cannot be computed.



Table 3. T-test for significant difference in population density and deprivation level between the
TLAs included into the most likely cluster and those not included by the purely spatial analyses

Cluster Census Maori population Non-Maori population
analysis Variable Mean Difference Mean Difference
(period) (year) N.IL*  MLCP Mean Pre¢ N.IL*  MCLP Mean Pre¢
Pop. density
(log)
1995-1999 1996 2.80 2.87 -0.07 0.907 2.99 0.84 2.15 0.012
2000-2004 2001 2.68 3.08 -0.40 0.428 2.45 3.65 -1.20 0.021
2005-2008 2006 2.59 3.37 -0.77 0.130 247 3.41 -0.95 0.054
1995-2008 1996 2.67 3.06 -0.39 0.434 2.33 3.35 -1.02 0.031
1995-2008 2001 2.68 3.06 -0.38 0.448 2.34 3.35 -1.02 0.034
1995-2008 2006 2.73 3.09 -0.36 0.475 2.39 3.38 -0.99 0.041
Dep. score
1995-1999 1996 1001 1025 -24 0.054 | 1008 983 25 0.155
2000-2004 2001 990 1027 -37 0.001 989 1034 -45  <.0001
2005-2008 2006 987 1031 -44  <.0001 991 1019 -28 0.009
1995-2008 1996 993 1029 -36 0.000 987 1027 -39 <.0001
1995-2008 2001 989 1027 -38 0.000 983 1025 -42  <.0001
1995-2008 2006 988 1028 -40 0.000 982 1025 -43 <0001

2N.L: TLAs not included in a most likely cluster. * MLC.: TLAs included in the most likely cluster (area with a
high infant mortality incidence rate). ® If the variances of the two groups are unequal (with P<0.05), the
Satterthwaite variance estimator is used for the T-Test, otherwise, the pooled variance estimator is used.

Table 4. Purely spatial analyses adjusted for area-level deprivation according to ethnicity

Maori population Non-Maori population

Study period 1995-  1995-  2000- 2005- | 1995- 1995- 2000-  2005-

2008 1999 2004 2008 | 2008 1999 2004 2008
Most likely cluster® A B C D E F G H
TLAs included 1 4 1 1 1 7 1 8
Infant deaths 12 71 6 9 40 91 17 83
Expected infant deaths 3 44 1 2 22 69 8 58
Annual cases / 1000 315 15.02 4592 27.79 8.60 7.06 11.11 5.99
Relative risk 3.82 1.66 5.63 3.97 1.84 1.36 2.26 1.49
Log likelihood ratio 7.21 7.28 5.41 5.64 6.03 3.48 4.32 5.30
P-value 0.045 0.054 0.169 0.146 | 0.109 0.661 0.380 0.189

2 For the location of each cluster, see Figure 3. Only the most likely clusters are reported due to the
very low level of significance of the secondary clusters.
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Figure 1. Trends of infant mortality rates in some OECD countries, 1970-2008
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Figure 2. Trends of infant mortality rates in New Zealand, 1981-2007
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