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Abstract
Purpose Endometrial cancer accounts for 3.9% of all female cancers globally, and its incidence appears to be increasing 
in women under 40 years of age. This paper investigated ethnic-specific trends in endometrial cancer across different age 
groups in New Zealand.
Methods Women who were diagnosed with endometrial cancer between 1996 and 2012 were identified from the New 
Zealand Cancer Registry. Annual age-standardized incidence and mortality rates were calculated for each ethnicity (Māori, 
Pacific, and non-Māori non-Pacific) in four age groups (< 40, 40–49, 50–74, and 75 +). The estimates were adjusted for 
hysterectomy. Joinpoint regression analysis was used to assess trends over time and annual percentage changes (APCs) were 
estimated.
Results Between 1996 and 2012, age-standardized incidence rates increased in all women and significantly in the < 40, 
40–49, and 50–74 age groups (APC 9.22, 3.56, and 1.65 respectively). Incidence rates were highest in Pacific women and 
increased most rapidly in those under 50 years of age (APC 9.36). Conversely, age-standardized mortality rates decreased 
in all women and significantly in the 50–74 and 75 + age groups (APC − 5.25 and − 5.06 respectively), with the highest rate 
observed in Pacific women.
Conclusion Pacific women had the highest incidence of endometrial cancer and the trend was increasing, particularly in 
young women. This could be attributed, at least in part, to a high and increasing rate of obesity in these women and should 
be explored in future research.
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Introduction

Endometrial cancer (EC) is an increasingly problematic 
gynecological tumor, with its occurrence most common in 
postmenopausal women [1]. In 2012, EC was the 5th most 
common cancer among women internationally, and the 

14th most deadly [2]. Incidence rates are highest in well-
developed, western nations such as Australia, New Zealand, 
and the United States, with age-standardized incidence rates 
ranging between 12 and 20 cases per 100,000 women annu-
ally [3]. Moreover, incidence rates have largely been increas-
ing, with statistically significant and positive annual percent-
age changes (APCs) noted in Australia and New Zealand 
between 1996 and 2007 [4].

The most prominent risk factors associated with EC 
include obesity, nulliparity, and natural aging, with obesity 
being the strongest modifiable risk factor [1]. As many as 
40% of cases have been estimated to be attributed to obe-
sity, with a recent meta-analysis noting a 1.59-fold (95% 
CI [1.50, 1.68], p < 0.0001) increased risk of EC associated 
with every 5 kg/m2 increase in BMI [5, 6]. The relationship 
between obesity and EC risk was found to be non-linear, 
however, with a much larger risk associated with every 5 kg/
m2 increase in BMI for women with a BMI above 28 kg/m2 
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(relative risk (RR) = 3.04, 95% CI [2.31, 4.01]). Conversely, 
the most widely cited protective factors for EC throughout 
the literature include oral contraceptive use, smoking, and 
physical activity.

In New Zealand, EC was the 5th most common cancer 
among women in 2012, and the 9th most deadly [7]. There 
is marked ethnic variation in the incidence and mortality of 
EC in New Zealand, with Pacific women having higher rates 
than that of other ethnicities (and higher incidence rates than 
that of any other ethnic group in the world) [8, 9]. Further-
more, incidence rates have been increasing at a faster rate in 
Pacific women in comparison to their Māori and New Zea-
land European counterparts. In a study assessing incidence 
rates in New Zealand women between 1981 and 2004, the 
RR of EC in Pacific women increased from 1.96 to 3.78 rela-
tive to New Zealand European/other women, with a much 
higher pooled RR for women aged between 25 and 44 [10].

The aim of this study is to investigate trends in the inci-
dence and mortality of endometrial cancer in New Zealand 
between 1996 and 2012. Contrary to previous New Zea-
land studies, rates will be adjusted for hysterectomy to more 
accurately reflect rates among the population at risk. Rates 
will be calculated for different age and ethnic groups, and 
underlying reasons for the observed trends in different age 
and ethnic groups will be explored.

Methods

Data sources

Data on EC incidence and mortality between 1996 and 
2012 were extracted from the New Zealand Cancer Registry 
(NZCR), and subsequently stratified by three ethnic groups 
(Māori, Pacific, and non-Māori non-Pacific). In the NZCR, 
ethnicity is recorded at level two of the Ministry of Health’s 
(MoH) classification, and is derived from hospital discharge, 
mortality, and National Health Index data. Up to three eth-
nic groups are recorded per individual, and patients with 
more than one recorded ethnicity are allocated to a single 
ethnic group in order of priority: Māori, Pacific, and non-
Māori non-Pacific [11]. Māori are the indigenous Polynesian 
people and constitute approximately 14% of New Zealand 
women, while Pacific are immigrants or descended from 
immigrants from the Pacific Islands and constitute approxi-
mately 7% of New Zealand women. The non-Māori non-
Pacific group predominantly includes women who are of 
European origin, but also includes Asian women and other 
ethnic groups. Population estimates were then extracted 
from the New Zealand census.

The NZCR is a population-based register of all primary 
malignant diseases diagnosed in New Zealand [12]. The pri-
mary source of incidence data for the NZCR comes from 

laboratories, while mortality data come from the Department 
of Internal Affairs register of Births, Deaths, and Marriages. 
Since the enactment of the Cancer Registry Act 1993 and 
Cancer Regulations 1994, data quality and coverage of the 
registry has significantly improved.

Hysterectomy prevalence figures were obtained from the 
MoH between 1999 and 2003, including data for all women 
and by ethnicity (2016 email from B. Rendle; unreferenced). 
It was assumed that there were no particularly pertinent 
sociocultural factors operating in New Zealand that would 
significantly alter these figures between 1996 and 2012. 
Therefore, the same prevalence figures were used to estimate 
the prevalence of hysterectomies between 1996 and 2012.

EC cases were identified using the WHO’s ICD-10-AM 
codes [12], with the majority of C54 (malignant neoplasm 
of corpus uteri) cancers included, and all C55 (malignant 
neoplasm of uterus, part unspecified) cancers included. 
Malignant neoplasms of the myometrium (C542 codes) fall 
outside the scope of EC, and were therefore excluded from 
the analysis. Tumor morphology (histology type and behav-
ior code) was then checked using the WHO International 
Classification of Diseases for Oncology (ICD-O) codes 
(Supplementary Table 1).

Statistical analysis

Statistical analysis was undertaken to determine incidence 
and mortality rates for all women between 1996 and 2012, 
as well as stratifying by ethnicity and cancer type. Age-
standardized incidence rates were calculated based on four 
age groups, these being < 40, 40–49, 50–74, and 75 +. Due 
to the relatively low number of deaths in the younger age 
groups, the < 40 and 40–49 age groups were combined for 
calculating age-standardized mortality rates, resulting in 
< 50, 50–74, and 75 + age groups. For similar reasons, age 
groups were again combined when analyzing the incidence 
and mortality data by ethnicity, with two age groups formed, 
these being < 50 and 50+. All rates were age-standardized 
using the WHO’s standard population [13].

Undergoing a hysterectomy removes the risk of EC, so 
analysis was carried out to determine incidence and mortal-
ity rates in the cohort of women subject to EC exclusively. 
Hysterectomy corrections were made on all women, as well 
for each ethnic group. The following results have all been 
adjusted for hysterectomies and rates are presented on a log-
linear (base 10) scale. When adjusting for hysterectomies, 
the denominator (population estimates) was adjusted on an 
annual basis by subtracting the proportion of hysterectomies 
in each age group for each ethnicity from the original popu-
lation estimates.

Annual percentage changes were then calculated by fit-
ting a least squares regression line to the natural logarithm of 
the rates and determining the slope of the line. The formula 
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(eslope − 1) × 100 is then taken as the annual percentage 
change. For the purposes of this research, this process was 
carried out using the Joinpoint regression program [14].

Results

In the 17 years analyzed between 1996 and 2012, the total 
number of cases across all women was 5,486 and the total 
number of deaths attributable to EC was 1920. Of the cases, 
there were 4,228 non-Māori non-Pacific, 655 Māori, and 
603 Pacific. The average age-standardized incidence rate 
across all women was 14.5 per 100,000, and the average age-
standardized mortality rate was 4.7 per 100,000 (Table 1, 
both adjusted for hysterectomy). When stratifying by age 
group, average age-standardized incidence rates were 0.9, 
10.7, 58.1, and 53.0 per 100,000 women for the < 40, 40–49, 
50–74, and 75 + age groups respectively, while average age-
standardized mortality rates were 0.4, 17.6, and 36.2 for the 

< 50, 50–74, and 75 + age groups respectively (all rates 
adjusted for hysterectomy).

Data on the prevalence of hysterectomy for each ethnic 
group were analyzed in 5-year age bands, with no women 
undergoing a hysterectomy before the age of 30. In each 
5-year age band, the prevalence of hysterectomy was invari-
ably highest in the non-Māori non-Pacific ethnic group, fol-
lowed by Māori, and then Pacific. Among all women, the 
prevalence of hysterectomy was 7.8% in non-Māori non-
Pacific, 2.0% in Māori, and 1.0% in Pacific. Therefore, when 
incidence rates were adjusted for hysterectomy, the largest 
increase was for non-Māori non-Pacific (24.8%), followed by 
Māori (10.1%), and then Pacific (4.9%) (Table 2). Following 
adjustment for hysterectomy, corrected incidence rates were 
highest in Pacific women (40.9 per 100,000), followed by 
Māori (19.6 per 100,000), and then non-Māori non-Pacific 
(12.6 per 100,000). In reference to Pacific women, the RR 
of EC in Māori women increased from 0.46 to 0.48 fol-
lowing adjustment for hysterectomy, while the RR of EC in 
non-Māori non-Pacific women increased from 0.26 to 0.31.

Table 1  Average annual no. of 
cases, average age-standardized 
hysterectomy-corrected 
incidence and mortality rates, 
and annual percentage changes 
between 1996 and 2012, 
stratified by age and ethnic 
group

Bold type indicates statistically significant results
Italicized text indicates statistically non-significant results

Stratification and age groups Average 
annual no. of 
cases

Average annual rates 
per 100,000 women

Annual percentage change (95% CI)

Incidence
 All ages 322.7 14.5 2.01 (1.40, 2.60)
  < 40 11.8 0.9 9.22 (6.10, 12.50)
  40–49 29.9 10.7 3.56 (1.70, 5.50)
  50–74 221.7 58.1 1.65 (1.00, 2.30)
  75+ 59.4 53.0 0.48 (− 0.80, 1.80)
  Type 1 incidence 274.0 12.4 1.84 (1.20, 2.50)
  Type 2 incidence 45.4 1.9 3.85 (2.00, 5.70)

Mortality
 All ages 113.0 4.7 − 4.91 (− 5.80, − 4.00)
  < 50 6.2 0.4 − 1.96 (− 6.00, 2.20)
  50–74 65.5 17.6 − 5.25 (− 6.60, − 3.80)
  75+ 41.2 36.2 − 5.06 (− 6.80, − 3.30)
  Type 1 mortality 82.1 3.5 − 6.97 (− 7.90, − 6.00)
  Type 2 mortality 28.4 1.2 2.04 (− 0.70, 4.90)

Ethnic-specific incidence
 All non-Māori non-Pacific 248.7 12.6 1.20 (0.60, 1.80)
 All Māori 38.5 19.6 2.42 (0.70, 4.10)
 All Pacific 35.5 40.9 3.96 (1.90, 6.10)
 < 50 non-Māori non-Pacific 21.8 1.6 2.82 (1.00, 4.60)
 < 50 Māori 8.9 4.1 2.37 (− 1.20, 6.10)
 < 50 Pacific 10.9 11.4 9.36 (5.00, 13.90)
 50 + non-Māori non-Pacific 226.9 51.7 1.01 (0.50, 1.60)
 50 + Māori 29.6 74.9 2.42 (0.70, 4.20)
 50 + Pacific 24.6 146.6 1.88 (− 0.50, 4.30)
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When analyzing incidence trends between 1996 and 2012, 
age-standardized incidence rates increased and the increase 
was statistically significant for the < 40, 40–49, and 50–74 
age groups (Table 1; Fig. 1). Annual percentage changes 
were 9.22, 95% CI [6.10, 12.50], 3.56, 95% CI [1.70, 5.50], 
and 1.65, 95% CI [1.00, 2.30] for each respective age group. 
When stratifying incidence trends by ethnicity, age-standard-
ized incidence rates in the < 50 age group increased and the 
increase was statistically significant for the non-Māori non-
Pacific and Pacific ethnic groups (Table 1; Fig. 2). Annual 
percentage changes were 2.82, 95% CI [1.00, 4.60] and 9.36, 
95% CI [5.00, 13.90] for the non-Māori non-Pacific and 
Pacific ethnicities, respectively. The trend in incidence in 
those of Pacific ethnicity under the age of 50 is particularly 
striking, increasing from 2 per 100,000 to 24 per 100,000 

over the course of the study period. In the 50 + age group, 
age-standardized incidence rates increased and the increase 
was statistically significant for the non-Māori non-Pacific 
and Māori ethnic groups (Table 1). Annual percentage 
changes were 1.01, 95% CI [0.50, 1.60] and 2.42, 95% CI 
[0.70, 4.20] for the non-Māori non-Pacific and Māori eth-
nicities, respectively.

In contrast to incidence trends, age-standardized mortal-
ity rates decreased and the decrease was statistically signifi-
cant for the 50–74 and 75 + age groups (Table 1). Annual 
percentage changes were − 5.25, 95% CI [− 6.60, − 3.80] 
and − 5.06, 95% CI [− 6.80, − 3.30] for each respective age 
group.

Discussion

The incidence rate of EC in Pacific women under the age of 
50 in New Zealand is high and rapidly increasing, with an 
annual percentage change of 9.36 between 1996 and 2012. 
In contrast, the APC for non-Māori non-Pacific women 
under the age of 50 was 2.82, and 2.37 for Māori women. 
Among women under the age of 50, the average hysterec-
tomy-corrected incidence rate in Pacific women was 11.4 
per 100,000, compared with 4.1 for Māori women, and 1.6 
for non-Māori non-Pacific women. The high and increas-
ing incidence rate of EC in young Pacific women is largely 

Table 2  Ethnic-specific age-standardized endometrial cancer inci-
dence rates between 1996 and 2012 before and after adjustment for 
hysterectomy

RRs are presented in reference to Pacific women

Ethnicity Uncorrected 
rate

RR Corrected rate RR

Pacific 39.0 1.00 40.9 1.00
Māori 17.8 0.46 19.6 0.48
non-Māori non-

Pacific
10.1 0.26 12.6 0.31

Fig. 1  Age-standardized 
hysterectomy-corrected endo-
metrial cancer incidence rates 
per 100,000 women, by age 
group and year
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consistent with trends found elsewhere; however, informa-
tion on age-specific trends has been limited. In New Zea-
land, high and increasing incidence rates in Pacific women 
have been reported in the previous literature [8, 10]. Consist-
ent with these studies, the current study indicates that the 
high and rapidly increasing incidence rate of EC was largely 
exclusive to young Pacific women.

Given EC’s underlying etiology and the results presented 
above, it may be expected that the prevalence of obesity is 
increasing more rapidly in young Pacific women than that 
of other ethnicities in New Zealand. Unfortunately, how-
ever, information on age-specific obesity trends in different 
ethnic groups is not available in New Zealand. Neverthe-
less, according to the New Zealand Health Survey [15], the 
prevalence of obesity (BMI of 30 or more) in Pacific women 
increased from 56.2 to 68.9% between 1997 and 2011/2012 
(Ptrend < 0.05) (Supplementary Table 2). The increase was 
also statistically significant for European/other women, 
increasing from 16.9 to 24.8%. Although information on 
age-specific obesity trends is not available by ethnicity or 
gender, when obesity rates were stratified by age, most of 
the significant increases between 1997 and 2011/2012 were 
observed for individuals in the < 45 age groups.

As mentioned previously, a meta-analysis examining the 
strength of the association between increased BMI and EC 
risk found the relationship to be non-linear, with a much 
larger risk associated with a 5 kg/m2 increase for women 
with a BMI above 28 kg/m2 [6]. When estimates of ‘extreme’ 
obesity (“BMI ≥ 35 with comorbidities, or BMI ≥ 40, exclud-
ing those with BMI > 55”) were constructed by the Midd-
lemore Public Health Department (Auckland, New Zealand), 
the percentage change was far greater for Pacific women that 
that of any other ethnic group between 2003 and 2007. The 
estimated prevalence of extreme obesity increased from 24.0 
to 35.0% for Pacific women in this time period, compared 
with increases of 12.0 to 15.0% for Māori women, and 5.8 
to 7.8% for non-Māori non-Pacific women (Supplementary 
Table 3). These increases may have contributed to the rap-
idly increasing incidence rate of EC in young Pacific women 
in New Zealand. Supporting this hypothesis, a recent USA 
study projecting future EC incidence rates found levels of 
extreme obesity (BMI above 40 kg/m2) to be a better pre-
dictor of past incidence rates than regular levels of obesity 
(BMI between 30 kg/m2 and 40 kg/m2) in their multivariate 
linear regression models [16].

In a USA-based study assessing EC trends between 1992 
and 2009, it was noted that incidence rates were increasing 
over the entire time period for women aged between 20 and 
49, but not for women aged between 50 and 74 [17]. Among 
women in the postmenopausal group, Joinpoint analyses 
identified an inflection point between the 1992–2002 and 
2003–2009 time periods, with the rate of change signifi-
cantly increasing after 2002. When the data were stratified 

by ethnicity, the increased APC after 2002 in the postmeno-
pausal group was found to be accelerating more so in black 
and Asian/Pacific Island women in comparison to their white 
counterparts.

The significantly higher APC of EC observed in young 
women relative to older women has been postulated to be 
due to both rapidly increasing rates of obesity in young 
women, as well as decreased use of hormone replacement 
therapy (HRT) in postmenopausal women following the pub-
lication of results from the Women’s Health Initiative (WHI) 
trial in 2002 [18–21]. Following the decrease in HRT use, 
postmenopausal women who had previously used combined 
therapy were no longer afforded a protective effect on EC, 
and incidence rates increased. No protective effect would 
have been afforded to premenopausal women at any point 
however, and accordingly, EC incidence rates increased over 
the entire study period in this group. Therefore, because the 
analysis of incidence rates between 1996 and 2012 (Table 1) 
includes a considerable length of time in which many post-
menopausal women would have been using HRT (note that 
the prevalence of HRT use among NZ women over the 
course of the study period was not known), the APCs for 
young women are much higher than that of the APCs for 
women in the postmenopausal age groups.

In the USA, where black women have long experienced 
higher obesity rates than white women [22], white women 
have been observed to have higher EC incidence rates than 
that of black women [4]. This difference, however, seems 
to be attenuated when adjusting for hysterectomy [23–25]. 
Because of the very high incidence rates of EC experienced 
by Pacific women in the current study, the disparity in inci-
dence rates between Pacific and non-Māori non-Pacific 
women is attenuated to only a small degree after adjusting 
for hysterectomy (Table 2). Therefore, the disparity in EC 
incidence rates observed between Pacific and non-Māori 
non-Pacific women in this study cannot be explained by 
the differing prevalence of hysterectomy between ethnic 
groups. This would seem to give even more credence to the 
hypothesis of extreme obesity having a causal influence on 
the rapidly increasing EC incidence rates in Pacific women 
as above.

Hysterectomy rates and indications change over time and 
vary by ethnic group [23], and overseas studies have noted 
that hysterectomy rates have been declining in the USA and 
UK [23, 26]. Therefore, the assumption of hysterectomy 
rates remaining stable over time in the current study may 
have been unwarranted. In the USA, hysterectomy rates 
have been declining in white women, whereas hysterectomy 
rates in blacks have remained relatively stable. By analogy, 
hysterectomy rates may have declined faster in non-Māori 
non-Pacific women relative to Pacific women in New Zea-
land. If this were the case, the disparity in incidence rates 
between Pacific and non-Māori non-Pacific women would 
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be attenuated for even less after adjustment for hysterectomy, 
and the resulting lower risk of EC among non-Māori non-
Pacific women would be even lower than that observed in 
Table 2. Again, there would have to be other mechanisms 
in place in order to explain the disparity in EC risk between 
ethnicities, with high and increasing rates of extreme obesity 
in Pacific women a seemingly likely contributor.

During the latter part of the study period, both fertility 
rates (that is, total fertility rates) and levels of physical activ-
ity decreased in Pacific women, and increased in non-Māori 
non-Pacific women [15, 27]. As both of these factors are pro-
tective for EC [28, 29], these trends, coupled with obesity, 
could therefore partly explain the trends in incidence rates 
observed in this study. On the other hand, the prevalence of 
cigarette smoking (another protective factor for EC [30]), 
increased in Pacific women, and decreased in non-Māori 
non-Pacific women during the course of the study period 
[27].

In contrast to incidence rates, mortality rates for all 
women decreased in all age groups between 1996 and 2012, 
with statistically significant APCs of − 5.25 and − 5.06 in 
the 50–74 and 75 + age groups respectively (Table 1). These 
decreases can predominantly be attributed to advances in 
diagnostic services and subsequent treatment [31], although 
largely seem to be confined to type 1 EC exclusively. When 
mortality trends were analyzed in Joinpoint for all women 
in this study, the APC of type 1 mortality was a statistically 
significant − 6.97, while the APC of type 2 mortality was a 
non-significant + 2.04. Consistent with this, type 2 EC mor-
tality rates were found to be increasing significantly among 
all women in the USA between 2006 and 2011 [32]. These 
trends are unsurprising given the increasing incidence of 
type 2 EC and its relatively poor prognosis in comparison to 
type 1 EC [33], and while type 2 EC comprised just 14.2% 
of the cases in this study, it contributed to 25.7% of the total 
deaths.

The primary strength of this study is that it is popula-
tion based and captured both EC incidence and mortality in 
all New Zealand women between 1996 and 2012. Because 
the Cancer Registry Act and Cancer Regulations were both 
implemented prior to the study period, it can be assured 
that the registry’s data we used were of high quality. Fur-
thermore, we confined our study to endometrial carcinoma 
exclusively, and excluded other malignant neoplasms of 
the uterus. Contrary to previous New Zealand studies, we 
also adjusted rates for hysterectomy to more accurately 
reflect rates among the population at risk. In doing so, we 
assumed that the hysterectomy prevalence estimates we used 
were applicable over the entire study period, although this 
assumption may have been unwarranted. Another major 
limitation of this study relates to how ethnicity is classified 
in the NZCR and census. When calculating incidence rates, 
the NZCR (numerator) uses ethnicity information collected 

from health user or discharge information in hospitals, 
while the census (denominator) uses ethnicity information 
collected from a standardized questionnaire [34, 35]. Dis-
cordance has consistently been reported between these two 
datasets, and historically, both Māori and Pacific have been 
undercounted in cancer registration data relative to census 
data, while non-Māori non-Pacific have been overcounted 
[36]. As such, incidence rates presented previously may be 
slightly lower than their actual rates for Māori and Pacific, 
and slightly higher than their actual rates for non-Māori non-
Pacific, although recent evidence suggests that this problem 
was less pronounced in the latter part of our study period 
[37]. Finally, it is also worth noting that the New Zealand 
census is a five-year survey, and population estimates must 
be made in between census dates [38]. Therefore, when 
calculating incidence and mortality rates, it is important to 
acknowledge that these estimates are subject to error.

In terms of future research specific to New Zealand, the 
routine provision of age and ethnic-specific obesity trends 
would provide important information to Pacific (and other) 
women in relation to EC, as well a range of other health 
conditions. Similarly, information on other risk/protective 
factors over a life course, such as HRT and OC use, would 
provide necessary information to be able to more reliably 
interpret EC incidence trends over time.

It has also been suggested that clinicians should be more 
alert to EC symptoms in obese and/or Pacific women in their 
normal line of work. Currently, young obese women may 
not be fully investigated when they present with traditional 
EC symptoms; however, further investigation of symptoms 
is now considered mandatory in this group given their high-
risk profile.

In conclusion, the incidence rate of EC increased between 
1996 and 2012 in New Zealand women. The increase was 
much faster in younger women, particularly of Pacific eth-
nicity. The disparity in EC incidence between Pacific women 
and other ethnic groups was not attenuated when the rates 
were corrected for hysterectomy, and is likely to be due to 
high and increasing rates of obesity (and extreme obesity 
in particular) in Pacific women. Other potential contribu-
tors include declining fertility rates and levels of physical 
activity, although their effects are relatively modest in com-
parison to obesity’s influence. Given current obesity trends, 
more efforts are needed to tackle obesity through population 
level measures such as the adoption of healthy food policies. 
Such interventions may target young Pacific women to miti-
gate the rising incidence of EC in this group.
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