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Regional distribution of 
myeloma in New Zealand

Mary Jane Sneyd, Andrew Gray, Ian M Morison

ABSTRACT
AIMS: To investigate regional variation in myeloma incidence in New Zealand in order to inform 
aetiological investigations.

METHODS: All new registrations of myeloma (1991–2016) were extracted from the New Zealand 
Cancer Registry. Ethnic classifications used prioritised ethnicity. For geographical groupings, 74 
Territorial Local Authority (TLA) categories for 2006 and population densities were used. Negative 
binomial regression was used to estimate incidence rate ratios, 95% confidence intervals and 
p-values.

RESULTS: Between 1 January 1991 and 31 December 2016, 7,083 myelomas were registered. The 
Clutha TLA had a significantly lower incidence than the New Zealand average. Compared to Clutha, 
many regions had a significantly higher incidence, but there was no clear spatial pattern. The highest 
incidence rate was for Māori men in the North Island. Women had significantly lower incidence than 
men of the same ethnic group and in the same area. 

CONCLUSIONS: As both extremes of myeloma incidence occurred in rural areas, and as all TLAs 
(except one, Horowhenua) in the two lowest risk categories were rural, it seems unlikely that farming 
confers an increased risk. Results suggest that some other factor is driving the differences in myeloma 
incidence by ethnic group. We have provided a baseline of the geographical burden of myeloma in New 
Zealand.

Multiple myeloma is one of the most 
common haematological cancers 
worldwide1 and involves prolifera-

tion of plasma cells within the bone marrow. 
It primarily affects older adults. Although 
myeloma remains incurable, survival has 
greatly increased over the past few decades,2 
particularly in younger patients, due to stem 
cell transplantation and the availability of 
increasingly effective drugs. 

For unknown reasons, incidence rates are 
consistently higher in men than women,1 
black populations world-wide1,3 and in 
Māori.4 Older age and a positive family 
history5 are also regarded as risk factors, but 
little consensus has been reached about the 
importance of environmental or occupational 
factors. A systematic review of meta-analyses 
of risk factors for myeloma found positive 
associations with farming, pesticide exposure 
and exposure to farm animals, whereas 
exposure to benzene showed no association.6 

With respect to lifestyle factors, obesity 
has been shown to be a risk factor,7 but no 
significant relationship has been found for 
cigarette smoking.8 In contrast, ever drinking 
alcohol was shown to be protective, but 
current alcohol consumption was not.9

A New Zealand haematologist expressed 
concern to one of the authors about a 
possible increased incidence of myeloma in 
a rural region of New Zealand and suggested 
it needed investigation (personal commu-
nication). The risks from farming-related 
exposures, including exposure to farm 
animals, are uncertain, and these activities 
are common in New Zealand and elsewhere. 
Therefore, we aimed to investigate whether 
this rural region had a significantly higher 
incidence rate than other regions, and 
whether there were any other regions with 
high myeloma incidence in New Zealand, to 
see whether these might inform further aeti-
ological investigations. 
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Methods
In New Zealand, all cancer diagnoses 

made since July 1994 are notified to the New 
Zealand Cancer Registry (NZCR) under the 
Cancer Registry Act 1993. All new diagnoses 
of multiple myeloma or plasmacytoma 
(ICD-10 code C90) registered with the NZCR 
between 1991 and 2016 were extracted from 
data supplied by the Statistical Services 
of the Ministry of Health. For simplicity, 
ICD-10 code C90 is hereafter referred to 
as ‘myeloma’. Over the period covered by 
this study, the NZCR changed from ICD-9 to 
ICD-10 cancer codes. We found that some 
retrospective conversions from ICD-9 to 
ICD-10 for myeloma and plasmacytoma 
were inaccurate, so codes prior to 2000 
(when ICD-10 was introduced) were checked 
and corrected as necessary. Only confirmed 
diagnoses of myeloma or plasmacytoma 
were included in the analyses. 

Data for sex, date of diagnosis, date of 
birth and ethnicity were used as recorded 
by the NZCR or National Health Index 
(NHI) databases of the Ministry of Health. 
The ethnic classifications used prioritised 
ethnicity groups, as defined by Stats NZ, and 
whereby each individual is allocated to a 
single ethnicity on the basis of the following 
priority: Māori, Pacific peoples, Asian, other 
groups except New Zealand European and, 
finally, New Zealand European. For these 
analyses, ethnicity was ultimately catego-
rised into two groups: Māori and non-Māori. 
All people missing an ethnic classification 
were included in the non-Māori category for 
analysis.

To avoid using geographical groupings 
such as district health boards (DHBs) that, 
because of different specialist facilities 
available within DHBs, may be related to 
myeloma diagnosis and therefore inci-
dence rates, we used the standard 74 
Territorial Local Authority (TLA) categories 
for 2006 (an intermediate year between 
1991 and 2016 for which TLA data were 
available). TLAs are the second tier of local 
government, under the 16 regions, in New 
Zealand.10 These 74 TLA regions comprised 
16 city councils, 57 district councils and 
the Chatham Islands Council. City councils 
administer the larger urban areas and 
district councils serve rural and smaller 

urban areas. The original geographical area 
of concern mapped to a specific TLA. The 
cumulative population from 1991 (ie, the 
population summed for each year from 1991 
to end 2016) in the TLAs ranged from 94,333 
in Kaikoura to 10.6m in Auckland City, 
reflecting person-years of exposure. 

For some analyses, TLAs with district 
councils covering both rural and small 
urban regions were further split into small 
urban or rural areas, based on average 
population densities (<15 people per km2 
for rural areas and 15–80 people per km2 
for small urban areas), or they were split 
into the North Island and South Island 
regions. 

As the data for myeloma were over-dis-
persed (as indicated by a likelihood ratio 
test), negative binomial regression was 
used to estimate incidence rates, incidence 
rate ratios, corresponding 95% confi-
dence intervals (95% CIs) and p-values 
for comparisons between TLAs, after 
adjustment for the following possible 
confounding factors: ethnicity (Māori 
versus non-Māori), sex, year of diagnosis 
and age at diagnosis. As this analysis was 
precipitated by concern that a region might 
have a high myeloma incidence, our a 
priori intention was to examine whether 
this was supported. Therefore, adjustment 
for multiple testing did not apply for this 
region of interest, and a two-sided p<0.05 
was considered to statistically confirm this 
difference with the average (mean) rate. 
Other pairwise analyses of TLAs were also 
performed using two-sided p-values, which 
were unadjusted for multiple testing and 
should be interpreted as exploratory in 
nature.

In addition to TLAs, other larger 
geographical groupings may also be of 
aetiological interest for disease incidence. 
Negative binomial regression models were 
used to explore associations between the 
North Island and South Island of New 
Zealand and between rural, small urban 
and urban TLAs, as well as associations 
involving age, sex, year and ethnicity. Where 
they were considered plausible, interac-
tions were also investigated using the same 
approach.

All analyses were carried out in Stata 1511 
and R 3.6.112 (using tmap 2.3.2).
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Results
In New Zealand, between 1 January 1991 

and 31 December 2016, 7,083 diagnoses of 
myeloma were reported to the NZCR (Table 
1). This equates to an age-standardised rate 
of 5.3/100,000 in 2016. Over half of these 
were in men (56.9%), and 53.3% of diag-
noses occurred in people aged 70 years and 
over, with the latter making up 9.5% of the 
population in the 2013 census. Approxi-
mately 9.1% were Māori compared to 15% 
of the total population in the 2013 Census 
data.13 

Figure 1 shows the incidence rate ratios 
(IRR) for myeloma for each TLA. Although 
the relative myeloma incidence in Gore (the 
southernmost, darkest blue region in Figure 
1) was higher than average, this was not 
statistically significant when compared to 
the average rate (RR=1.42; 95% CI 0.95–2.13). 
When comparing myeloma incidence in 
individual TLAs with the mean incidence 
in New Zealand, only Clutha (the south-
ernmost pale-yellow region in Figure 1) had 
a significantly different rate, and this was 
significantly lower than the average. When 
compared to the Clutha TLA (the TLA with 
the lowest rate adjoining the Gore TLA), 
many regions had significantly higher IRR 
for myeloma, but there was no clear spatial 
pattern or latitude gradient to this.

In examinations of myeloma incidence 
by island of residence (North Island versus 
South Island), incidence varied consid-
erably (Table 2), and there were significant 
interactions for island of residence and 
Māori ethnicity (p for interaction=0.002) 
and sex with Māori ethnicity (p for inter-

action=0.008). The highest point estimate 
of myeloma incidence was for Māori men 
in the North Island: this incidence rate was 
significantly higher than for North Island 
non-Māori men (IRR=1.45; 95% CI 1.29–1.64) 
and North Island Māori women (IRR=1.27; 
95% CI 1.07–1.49). Women on both islands 
and in both ethnic groups had significantly 
lower myeloma rates than men of the same 
ethnic group and in the same area. Māori 
women in the North Island also had signifi-
cantly higher myeloma incidence than South 
Island Māori women (IRR=2.04; 95% CI 1.25–
3.33). The lowest point estimate of myeloma 
incidence was for Māori women in the South 
Island. However, there was no significant 
difference in myeloma incidence between 
non-Māori and Māori for either men or 
women in the South Island (IRR=0.91, 95% 
CI 0.65–1.27 and IRR=1.12, 95% CI 0.69–1.82, 
respectively).

As the original TLA of concern was a 
rural area, we also investigated whether 
the higher myeloma incidence was 
repeated in other rural or small urban 
areas. There was no significant difference 
in myeloma incidence by rural, small urban 
or urban location for either ethnic group 
or sex (Table 3). Both the lowest and the 
highest incidence of myeloma occurred in 
rural areas, and all TLAs (except Horow-
henua district) in the two lowest risk 
categories were rural TLAs with low popu-
lation densities (see Appendix Table 1). 
Furthermore, of the TLAs in the two highest 
risk categories, one was urban (Palmerston 
North City), two were small urban (Waipa 
and Wanganui districts) and the remainder 
were rural.

Table 1: Characteristics of patients diagnosed with myeloma between 1 January 1991 and 31 December 2016.

 
 

Non-Māori 
(n=6,435) 
n (%)

Māori  
(n=648) 
n (%)

Overall (n=7,083) 
n (%)

Sex
 

Male 3,690 (57.3) 342 (52.8) 4,032 (56.9)

Female 2,745 (42.7) 306 (47.2) 3,051 (43.1)

Age in years
 
 
 

<60 1,259 (19.6) 257 (39.7) 1,516 (21.4)

60–69 1,592 (24.7) 197 (30.4) 1,789 (25.3)

70–79 1,992 (31.0) 141 (21.8) 2,133 (30.1)

80+ 1,592 (24.7) 53 (8.2) 1,645 (23.2)
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Figure 1: Adjusted* myeloma incidence rate ratios (IRR) by New Zealand Territorial Land Authority.** 

*Adjusted for age, sex, ethnicity, year of diagnosis. 
**Data for 2006 TLA boundaries obtained from https://koordinates.com/layer/1247-nz-territorial-authorities-2006-
census/ [last accessed 09-12-2020].

https://koordinates.com/layer/1247-nz-territorial-authorities-2006-census/
https://koordinates.com/layer/1247-nz-territorial-authorities-2006-census/
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Discussion
To the best of our knowledge, we have 

carried out the first analysis of the regional 
variation of myeloma incidence in New 
Zealand. This analysis was precipitated  
by a haematologist’s perceptions of a higher 
than expected number of myeloma cases 
in one area of New Zealand, so our a priori 
intention was to examine whether this  
was indeed a higher rate, while exploring 
other geographical associations that 
could also inform future aetiological 
investigations. 

The standard 74 TLA areas (2006) in New 
Zealand included 16 urban areas; the rest 
were rural/small urban. When investi-
gating potential spatial clustering by TLA 
region, we found that Clutha (a rural TLA) 
had significantly lower incidence rates than 
the mean, and Gore and Ōpotiki (both rural 
TLAs) had non-significantly higher incidence 
rates compared to the mean. It is of interest 
to note that the regions with the highest 
and lowest incidence of myeloma lie next to 
each other on the map (Figure 1) and there 
is no obvious pattern or gradient of regional 
IRRs. In addition, myeloma incidence varied 

Table 2: Adjusted* incidence rate ratios (IRR) of myeloma incidence by ethnic group, North Island or 
South Island region of residence and sex.

 
 
 
 

Ethnic group

Non-Māori Māori

Area of 
residence

Sex IRR  95% CI p-value IRR  95% CI p-value

North 
Island
 

Male Reference     1.45 1.29–1.64 <0.001

Female 0.62 0.58–0.66 <0.001 1.15 1.02–1.30 0.038

South 
Island
 

Male 1.08 1.00–1.16 0.053 1.18 0.85–1.64 0.355

Female 0.63 0.58–0.69 <0.001 0.56 0.35–0.91 0.002

* Adjusted for age and year of diagnosis.

Table 3: Adjusted* incidence rate ratios (IRR) of myeloma incidence by ethnic group, population density 
of residence and sex.

Urban 
area

IRR  
Population 
density  
15–80 per 
km2

95% 
CI

p IRR  
Population  
density <15 
per km2

95% 
CI

p

Non-Māori male 1 0.96 0.89–
1.05

0.406 0.96 0.88–
1.03

0.263

Non-Māori 
female

1 0.93 0.84–
1.03

0.168 0.93 0.85–
1.03

0.151

Māori male 1 0.88 0.66–
1.17

0.386 1.09 0.85–
1.39

0.498

Māori female 1 1.21 0.92–
1.60

0.168 0.90 0.68–
1.18

0.448

* Adjusted for age and year of diagnosis
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considerably by residency in the North 
Island or South Island, with significant 
interaction effects with island of residence 
and both ethnic group and sex. The highest 
myeloma incidence was for Māori men in 
the North Island, and the lowest was for 
Māori women in the South Island. There 
was no significant association of rurality or 
population density with myeloma incidence.

In addition to their public health value 
in the assessment of a public or clinical 
fear,14 geographical investigations can help 
to identify research questions for further 
research. Farming is common in New 
Zealand, and as myeloma development has 
been linked to the occupational exposure 
of farming in some studies (possibly 
mediated through exposure to farm animals 
or pesticides), it was important to assess 
whether this effect could be identified in 
New Zealand. Individual occupational 
exposure data were not available in the 
routinely collected datasets. However, as 
both the lowest and the highest incidences 
of myeloma occurred in rural areas, and 
that all TLAs (except Horowhenua) in the 
two lowest risk categories were rural TLAs 
with low population densities (see Appendix 
Table 1), it seems unlikely that there is an 
elevated risk of myeloma from farming in 
New Zealand. 

New Zealand is a small country in terms 
of population size, but it has considerable 
diversity in both its population and physical 
geography, which ranges from remote 
rural locations to mid-size metropolitan 
cities such as Auckland (2018 population 
1.57 million). Although many of the TLAs 
represent small populations, they have the 
advantage of being a standard geographical 
measure that is independent of our health 
system. As another way of separating 
geographical boundaries into larger areas of 
New Zealand, the TLAs were grouped into 
North Island or South Island regions. This 
classification showed significant differences 
for incidence of myeloma, and a significant 
effect modification was observed by both 
ethnicity and sex. 

It has been reported that Māori have 
a higher myeloma incidence in New 
Zealand.4 But we found this relationship to 
be restricted to North Island Māori: there 
were no significant differences in myeloma 
incidence between male Māori and male 

non-Māori, or between female Māori and 
female non-Māori, in the South Island. 
According to the Wai 2575 Māori Health 
Trends Report,15 ethnicity data collection 
has been sufficiently reliable since 1996 to 
have confidence in Māori versus non-Māori 
comparisons. When our ethnic analyses 
were restricted to 1996 and thereafter, 
no substantive differences in either point 
estimates or interpretations were seen. 
Therefore, we presented analyses using all 
data from 1991. 

These results suggest that some factor 
other than ethnicity is driving the differ-
ences in myeloma incidence by ethnic 
group. Deprivation is one possibility that 
warrants further discussion. The New 
Zealand Index of Deprivation16 is an area-
based, not individual-level, measure of 
socioeconomic deprivation and includes 
Census17 area measures such as income, 
unemployment, education and home 
ownership. Deprivation is worse in the 
North Island than the South Island of New 
Zealand for both Māori and non-Māori, and 
it is worse in Māori than non-Māori in both 
islands.18 However, the biggest discrepancy 
is between North Island and South Island 
Māori, with Māori in the North Island 4.8 
times more likely to be in the most deprived 
area compared to South Island Māori. 

A small number of studies in other coun-
tries have found significant variation in 
myeloma incidence with both rurality and 
latitude of residence, but the direction of 
association has been inconsistent. A recent 
study of the geographic distribution of 
myeloma patients in Canada19 found that 
large metropolitan cities and high-latitude 
regions had a lower incidence of myeloma, 
compared to the high incidence rates that 
were found in smaller cities and rural areas 
largely located in the fertile croplands of 
Canada, as well as some around bodies of 
water. These results did not appear to be 
driven by ethnicity but were not adjusted 
for age, sex or socioeconomic status. In 
addition, an older Canadian study found 
that exposure to livestock did not increase 
risk.20 In contrast, a small study of 63 cases 
of multiple myeloma in Iran showed a 
higher incidence in urban areas.21

In New Zealand, all cancer diagnoses 
(except non-melanoma skin cancer) made 
since July 1994 are notified to the NZCR 
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under the Cancer Registry Act 1993. Prior 
to 1994, cancers were notified to the NZCR 
but with variable completeness. Cancers 
reliant on the public hospital system for 
diagnosis (eg, myeloma) were notified, 
whereas those diagnosed in general practice 
(eg, melanoma) or in private hospitals 
were less likely to be notified. Currently, 
the NZCR collection is regarded as practi-
cally complete. However, the NZCR does not 
collect socioeconomic data or occupational 
exposure data relevant to myeloma, so this 
has been inferred from rurality of residence 
rather than from individual record data. 

These results have shown no convincing 
evidence of a significant regional variability 
by TLA or rurality, although the wide confi-
dence intervals for some effects do not allow 
us to rule out important geographical differ-
ences. Despite caveats around some data, we 
have provided a baseline of the geographical 
burden of myeloma in New Zealand and 
have suggested several directions for further 
epidemiological analysis.
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TLA* TLA  
no.

IR IRR 95%  
Conf. interval

Urban/rural 
designation**

Far North District 1 2.408 1.876 1.127 3.121 3

Whangarei District 2 2.557 1.992 1.208 3.285 2

Kaipara District 3 2.086 1.624 0.907 2.908 3

Rodney District 4 2.246 1.749 1.062 2.882 3

North Shore City 5 2.436 1.897 1.165 3.089 1

Waitakere City 6 2.432 1.894 1.159 3.096 1

Auckland City 7 2.443 1.903 1.175 3.081 1

Manukau City 8 2.449 1.908 1.174 3.099 1

Papakura District 9 2.384 1.856 1.089 3.164 2

Franklin District 10 2.580 2.010 1.201 3.362 3

Thames-Coromandel District 11 2.395 1.865 1.099 3.164 3

Hauraki District 12 2.436 1.897 1.071 3.362 2

Waikato District 13 2.473 1.926 1.135 3.269 2

Matamata-Piako District 15 2.276 1.772 1.031 3.047 2

Hamilton City 16 2.451 1.909 1.162 3.137 1

Waipa District 17 2.623 2.042 1.216 3.432 2

Otorohanga District 18 2.349 1.830 0.914 3.665 3

South Waikato District 19 2.496 1.944 1.102 3.430 3

Waitomo District 20 2.418 1.883 0.961 3.691 3

Taupo District 21 2.245 1.748 1.017 3.005 3

Western Bay of Plenty District 22 2.116 1.648 0.975 2.787 2

Tauranga City 23 2.484 1.935 1.182 3.168 1

Rotorua District 24 2.130 1.659 0.991 2.778 2

Whakatane District 25 1.821 1.418 0.814 2.471 3

Kawerau District 26 2.208 1.719 0.805 3.673 1

Opotiki District 27 3.491 2.719 1.487 4.972 3

Gisborne District 28 1.943 1.513 0.889 2.576 3

Wairoa District 29 1.484 1.156 0.541 2.470 3

Hastings District 30 2.067 1.610 0.966 2.682 2

Napier City 31 2.115 1.647 0.986 2.752 1

Appendix

Appendix Table 1: Myeloma incidence rates and rate ratios by TLA adjusted for age, ethnicity and sex, 
and urban/rural designation.
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Central Hawkes Bay District 32 2.225 1.733 0.926 3.244 3

New Plymouth District 33 2.196 1.710 1.031 2.836 2

Stratford District 34 2.632 2.050 1.065 3.944 3

South Taranaki District 35 2.561 1.994 1.155 3.445 3

Ruapehu District 36 2.933 2.284 1.250 4.174 3

Wanganui District 37 2.672 2.081 1.247 3.473 2

Rangitikei District 38 1.627 1.267 0.664 2.419 3

Manawatu District 39 3.023 2.355 1.380 4.017 3

Palmerston North City 40 2.883 2.246 1.358 3.714 1

Tararua District 41 2.570 2.002 1.127 3.556 3

Horowhenua District 42 1.784 1.389 0.807 2.391 2

Kapiti Coast District 43 2.487 1.937 1.168 3.213 2

Porirua City 44 2.233 1.739 1.014 2.983 1

Upper Hutt City 45 2.285 1.780 1.041 3.044 1

Lower Hutt City 46 2.158 1.681 1.016 2.781 1

Wellington City 47 2.309 1.799 1.098 2.946 1

Masterton District 48 1.751 1.363 0.766 2.428 3

Carterton District 49 2.473 1.926 0.973 3.813 3

South Wairarapa District 50 1.932 1.505 0.760 2.979 3

Tasman District 51 2.033 1.583 0.933 2.686 3

Nelson City 52 2.247 1.750 1.038 2.951 1

Marlborough District 53 2.461 1.917 1.143 3.215 3

Kaikoura District 54 1.245 0.969 0.326 2.881 3

Buller District 55 1.943 1.514 0.773 2.965 3

Grey District 56 2.980 2.321 1.284 4.194 3

Westland District 57 2.505 1.951 0.986 3.862 3

Hurunui District 58 2.996 2.334 1.266 4.301 3

Waimakariri District 59 2.014 1.568 0.920 2.673 2

Christchurch City 60 2.552 1.988 1.228 3.218 1

Banks Peninsula District 61 2.145 1.671 0.834 3.346 2

Selwyn District 62 2.432 1.894 1.091 3.289 3

Ashburton District 63 2.780 2.165 1.271 3.687 3

Timaru District 64 2.522 1.964 1.176 3.280 2

Mackenzie District 65 1.744 1.358 0.501 3.682 3

Appendix Table 1: Myeloma incidence rates and rate ratios by TLA adjusted for age, ethnicity and sex, 
and urban/rural designation (continued).
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*Coloured by incidence rate ratio. Blue <=1.0, green 1-<1.5, black 1.5-<2.0, orange 2.0-<2.5, red>=2.5 
**1=urban, 2=small urban (pop density 15-80 /km2), 3 =rural (pop density <15/km2)

Waimate District 66 2.279 1.775 0.906 3.478 3

Chatham Islands Territory 67 4.361 3.396 0.784 14.713 3

Waitaki District 68 2.862 1.461 0.828 2.578 3

Central Otago District 68 1.877 2.229 1.276 3.895 3

Queenstown-Lakes District 70 2.778 2.163 1.212 3.862 3

Dunedin City 71 2.489 1.938 1.183 3.175 1

Clutha 72 1.284 1.000 ref 3

Southland District 73 2.301 1.792 1.029 3.122 3

Gore District 74 3.392 2.642 1.487 4.692 3

Invercargill City 75 2.561 1.995 1.194 3.332 1

Appendix Table 1: Myeloma incidence rates and rate ratios by TLA adjusted for age, ethnicity and sex, 
and urban/rural designation (continued).
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