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Abstract
Background The incidence of early-onset colorectal cancer (EOCRC), diagnosed before age 50, has been rising in 
many countries in the past few decades. This study aims to evaluate this trend in Aotearoa New Zealand and assess its 
impact on Māori.

Methods Crude incidence and age-standardized incidence of colorectal cancer (CRC) was analyzed from all new 
cases from the Aotearoa New Zealand national cancer registry for the period 2000–2020. Trends were estimated by 
sex, ethnicity, age group and location of cancer and projections made to 2040.

Results Between 2000 and 2020, there were a total of 56,761 cases of CRC diagnosed in Aotearoa New Zealand, 
3,702 of these being EOCRC, with age-standardized incidence decreasing significantly (P = 8.2 × 10− 80) from 61.0 to 
47.3 cases per 100,000. EOCRC incidence increased on average by 26% per decade (incidence rate ratio (IRR) 1.26, 
p = < 0.0001) at all sites (proximal colon, distal colon and rectum), while the incidence in those aged 50–79 years 
decreased on average by 18% per decade (IRR 0.82, p = < 0.0005), again across all sites. There was no significant 
average change in CRC incidence in those over 80 years. In Māori, there was no significant change in age-
standardized incidence. There was however a significant increase in crude incidence rates (IRR 1.28, p = < 0.0005) 
driven by significant increases in EOCRC (IRR1.36, p = < 0.0005). By 2040, we predict the incidence of EOCRC will have 
risen from 8.00 to 14.9 per 100,000 (6.33 to 10.00 per 100,000 in Māori). However, due to the aging population an 
estimated 43.0% of all CRC cases will be diagnosed in those over 80 years of age (45.9% over 70 years of age in Māori).

Conclusion The age-standardized incidence of CRC from 2000 to 2020 decreased in Aotearoa New Zealand, but not 
for Māori. The incidence of EOCRC over the same period continues to rise, and at a faster rate in Māori. However, with 
the ageing of the population in Aotearoa New Zealand, and for Māori, CRC in the elderly will continue to dominate 
case numbers.
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Background
Colorectal cancer (CRC) is the second most com-
mon cancer in Aotearoa New Zealand in both men and 
women; it is second only to prostate and breast cancers, 
with 3,515 colorectal cancers diagnosed in Aotearoa New 
Zealand in 2020. It remains the second highest cause of 
cancer death with over 1,200 people dying each year as 
a result [1]. While the age-standardized rate of CRC in 
Aotearoa New Zealand is slowly declining, the rate of 
early-onset colorectal cancer (EOCRC), defined as CRC 
diagnosed in adults under the age of 50 years, is rising 
[2]. This pattern is not confined to Aotearoa New Zea-
land, with increases in rates of EOCRC being observed 
in at least 18 other countries around the world [3]. This 
trend is occurring independently of trends in older 
patients and has been reported in countries where the 
rates of CRC in older adults are rising, stable or falling [3, 
4]. Bowel cancer screening was initially trialled in parts of 
Aotearoa New Zealand starting from 2012, with national 
bowel cancer screening being widely available from 2021 
for those aged 60–74 years. This will be having an impact 
on CRC incidence and survival in these age groups, 
however, will not be impacting incidence in the younger 
unscreened population.

The clinical characteristics of EOCRC can differ from 
late-onset colorectal cancer (LOCRC, diagnosed over 50 
years of age), with EOCRC more likely to be left sided 
(sigmoid and rectum), have higher rates of mucinous or 
signet ring histology, be poorly differentiated, and pres-
ent with advanced (stage 3 or 4) disease [5, 6]. Despite 
these differences, a recent meta-analysis found no overall 
difference in cancer specific survival between early-onset 
and late-onset disease [7]. 

This study describes the population trends in CRC 
incidence in Aotearoa New Zealand from 2000 to 2020, 
analyzed by sex and age group, and investigates trends in 
incidence rates in Māori. This study also makes predic-
tions for the near future, should the expected aging of the 
population continue.

Methods
All new cancers except basal cell and squamous cell 
carcinomas of the skin, diagnosed in Aotearoa New 
Zealand are registered with the New Zealand Cancer 
Registry (NZCR) [8]. Prior to 1995, this data was incom-
plete but since 1995, collection of all cancers, except 
for non-melanotic skin cancers, has been compulsory, 
giving rise to a high-quality dataset of all cancers diag-
nosed in Aotearoa New Zealand. Demographic data, 
date of diagnosis, tumour site, tumour type, morphol-
ogy, grade of disease and staging are recorded. For CRC, 
tumour site was divided into proximal (caecum, ascend-
ing colon, hepatic flexure, transverse colon, splenic flex-
ure), distal (descending colon, sigmoid colon) and rectal 

(rectosigmoid, rectal). Other sites (appendix, unspecified 
sites, and anus) were excluded. Histological type was lim-
ited to adenocarcinoma only.

We have made projections, see statistical methods, to 
2040 based on the 2000–2020 data, using Statistics New 
Zealand’s most recent median growth and immigration 
population projections, which have a 2022 base year 
(hence there is no 2021 projection) [8]. Ethnicity infor-
mation was taken from the NZCR, and is determined 
based on the Ministry of Health ethnicity data protocols, 
and reports on prioritised Māori ethnicity. These use self-
reported ethnicity data from the census, as well as from 
National health index (NHI), the mortality collection and 
hospital discharge data in the national minimum data set 
[9]. Māori population figures and projected populations 
were provided by Statistics New Zealand. These figures 
are determined using information from the census and 
incorporating a components-based method to estimate 
the changes in Māori population numbers [10–12]. 

Ethics approval
Ethical approval was obtained from the University of 
Otago Health Ethics Committee (UOHEC), (HD23/044), 
and University of Otago, Māori health advancement 
Komiti. The need for informed consent was waived by 
the institutional review board, the University of Otago 
Health Ethics Committee (UOHEC). Furthermore, data 
from cancer registry is allowed to be used for the purpose 
of cancer incidence studies as stated in the New Zealand 
Cancer Registry Act 1993 [13]. Our research processes 
and reporting are aligned with and have been guided by 
the CONSIDER statement [14] and we have completed 
the CONSIDER checklist (Supplementary Table 1).

Statistics
To calculate ASIR, crude incidence rates were age-stan-
dardized to the European Standard population (ESP) 
1976 [15], (or the Māori population in 2000). ESP was 
used as it is the international standard closest to the 
Aotearoa New Zealand age structure, and it also allows 
for international comparison. Incidence rates for total 
ethnicity and Māori ethnicity were modelled separately 
using Poisson regression, by offsetting cases by the log 
of the population, with covariates for age group (three 
groups), sex (dichotomous) and location (proximal, dis-
tal, rectal). Age groups for total ethnicity were split at 50 
and 80 years of age, and for Māori ethnicity were split at 
50 and 70 years of age, with the oldest age group contain-
ing approximately 3% of the population for both total and 
Māori ethnicity. This was done in an attempt to account 
for the different age distribution of the Māori popula-
tion. Time-dependent co-variables were time (decades 
since 2000), time by sex, and all interactions of time, 
age group and location for total ethnicity, but only time 
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and time by age group for Māori ethnicity as there was 
no statistical support for further terms. All model terms 
were tested for significance with likelihood ratio tests; 
no other interactions significantly improved fit using 
the likelihood ratio test (P > 0.05). The models showed 
no evidence of lack of fit, P > 0.408, (0.269 Māori), over 
dispersion or inferior fit to a Negative Binomial model, 
Log Likelihood test df = 29, P = 0.795.(df = 18 P > 0.99). 
Autocorrelation plots revealed no evidence of correlation 
with lagged variables (all r < 0.5.) Confidence intervals for 
model parameters were calculated using robust errors 
and those for incidence rate ratios (IRRs) were calculated 
using the delta method. Projections for age-standardized 
incidence were performed by refitting models with age 
grouped by decade, with the first two decades collapsed 
to avoid small cell counts, with populations given by Sta-
tistics New Zealand’s median population growth projec-
tions for the years 2022 to 2040. We assumed ongoing 
linear changes in incidence for each age group. Indirect 
age standardisation was performed post hoc to the Euro-
pean standard population for the total population and the 
Māori population for Māori ethnicity, with age groups 
collapsed as in the model. Projections to 2040 were made 
by using the same models to estimate crude incidence at 
later populations.

Results
The average population in Aotearoa New Zealand over 
the period of the study increased from 3.83  million to 
5.09 million. Between 2000 and 2020, there were a total 
of 56,761 cases of CRC diagnosed in Aotearoa New Zea-
land; 3,702 (6.5%) of these were EOCRC.

There was no significant change in crude incidence of 
CRC from 2000 to 2020, (IRR = 1.00, 95% CI (0.98,1.01), 
P = 0.54). However, there was a significant reduction in 
the age-standardised incidence, from 61.0 per 100,000 
to 47.3 per 100,000, over the same period at an average 
rate of 87.7% per decade (P = 8.2 × 10− 80), reflecting our 
aging population (Table 1). Moreover, these changes were 
unevenly distributed across age groups, with EOCRC 
incidence increasing from 4.41 per 100,000 in 2000 to 
8.03 per 100,000 in 2020, an average increase of 26% 
per decade (IRR 1.26, p = < 0.0005). The proportion of 
total CRC that were diagnosed in those under the age 
of 50 increased from 5.3% in 2000 to 8.6% in 2020. The 
incidence of CRC in patients aged 50–79 years reduced 
from 193.4 per 100,000 to 133.8 per 100,000 (IRR 0.82, 
p = < 0.0005) whereas in those aged 80 years and over 
there was no significant overall change in incidence (IRR 
0.99 (95% CI 0.96, 1.02) p = 0.632) (Tables  1 and 2). We 
have also included a more detailed breakdown of propor-
tions of EOCRC cases occurring in narrower age brack-
ets in Supplementary Table 4.

Trends in CRC in Māori patients
In 2020, 0.85  M out of 5.09  M (16.7%) New Zealand-
ers were of Māori ethnicity. CRC incidence in Māori 
increased by 28% per decade (IRR 1.28, p = < 0.0005). 
Contrasting with the total population, there was no 
material reduction in ASIR in Māori, with ASIR decreas-
ing at an average rate of 0.16 per decade (p = 0.754), 
however this result was somewhat impacted by higher 
variation in data for Māori. There were significant differ-
ences in rates of change by age group, with incidence in 
Māori aged under 50 years increasing by 36% per decade 
(IRR 1.36, p = < 0.0005), and no significant difference seen 
in older age groups (Table  2). There was no evidence 
that incidence rates differed by site of disease or sex in 
Māori (analysis of deviance P > 0.57). Sensitivity analysis 
showed that there was no material change to conclusions 
by shifting the older age cut-off from 80 to 70 years, to 
better accommodate Māori demographics. There was 
insufficient power to include location in the model for 
the Māori population.

Trends by sex and site of disease
In the total population, we observed differences in rates 
of change when comparing different age groups, sex, and 
sites of disease. In those aged under 50 years, the larg-
est changes were seen in distal colonic and rectal can-
cers, with distal colonic cancers rising 29% per decade 
in women (IRR 1.29, p = < 0.0005) and 35% in men (IRR 
1.35, p = < 0.0005), while rectal cancers in this age group 
rose by 25% per decade in women (IRR 1.25, p = < 0.0005) 
and 32% per decade in men (IRR 1.32, p = < 0.0005), with 
smaller increases in proximal cancers (IRR in women 
1.14, p = < 0.05, IRR in men 1.20, p = < 0.005). In those 
aged 50–79 years, there was a significant decrease in 
incidence across both sexes and each site of disease, 
with the largest decrease seen in proximal cancers in 
women (IRR 0.77, p = < 0.0005). In those ages 80 + years, 
there was a more mixed picture; incidence of proximal 
colonic cancers increased significantly in men by 9% per 
decade (IRR 1.09, p = < 0.0005), while there were signifi-
cant decreases seen in distal colonic cancers in women 
(IRR 0.92, p = < 0.05), rectal cancers in women (IRR 
0.86, p = < 0.0005), and rectal cancers in men (IRR 0.90, 
p = < 0.0005) (Table 3; Fig. 1). Full summary of crude inci-
dence rates by year, sex, age, and site of disease for the 
total population and for Māori can be found in Supple-
mentary Tables 2 and 3.

Projections
Table  4 shows the predicted trends in population, CRC 
cases, and CRC incidence in Aotearoa New Zealand up 
to 2040 for the total population and Māori population 
based on Statistics New Zealand’s population projec-
tions for median population growth and immigration. If 
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current trends continue, by 2030 there will be an addi-
tional 92 cases of EOCRC diagnosed per year, this num-
ber rising to an additional 255 EOCRC cases per year in 
2040, resulting in a total number of predicted cases of 
EOCRC of 524. Due to the rapidly aging population, we 
are also likely to see large increases in total case numbers 
diagnosed over the age of 80 years, with an additional 465 
cases diagnosed in 2030 compared to 2020, representing 

Table 1 Colorectal cancer incidence in Aotearoa New Zealand
2000 2010 2020
Total Māori Total Māori Total Māori

Population 3.83 M 0.60 M 4.37 M 0.66 M 5.09 M 0.85 M
New registrations 2,344 84 2,727 146 3,142 244
Incidence 61.15 14.03 62.40 21.99 61.78 28.54
EOCRC
Population 2.81 M 530 K 3.03 M 559 K 3.03 M 679 K
cases 124 9 179 25 270 43
Incidence 4.41 1.70 5.75 4.48 8.03 6.33
Midlife
Population 0.92 M 58 K 1.19 M 87 K 1.19 M 143 K
cases 1765 46 1882 81 2075 132
Incidence 193.41 79.35 156.46 93.56 133.78 92.24
Older
Population 107 K 11 K 151 K 19 K 186 K 33 K
cases 445 29 700 40 805 69
Incidence 419.58 255.28 456.51 214.59 431.67 208.90
Age Standardised Incidence - Total Ethnicity standardized to European Standard population

ASI (95% CI) ASI (95% CI) ASI (95% CI)
Total 61.0 (58.5,63.6) 53.6 (51.5,55.6) 47.3 (45.6,49.0)
Sex Female 56.0 (52.6,59.3) 47.6 (45.0,50.3) 39.5 (37.3,41.6)

Male 67.3 (63.4,71.2) 60.2 (57.0,63.4) 55.9 (53.2,58.5)
Location Proximal 22.4 (20.9,24.0) 21.8 (20.5,23.1) 17.0 (16.1,18.0)

Distal 16.3 (20.9,17.6) 14.1 (20.5,15.1) 13.3 (16.1,14.2)
Rectal 22.3 (15.0,23.9) 17.7 (13.0,18.9) 16.9 (12.4,17.9)

Age Standardised Incidence - Māori Ethnicity standardized to Māori population 2000
Total 16.6 (13.2,19.9) 19.8 (16.8,22.9) 15.2 (13.0,17.3)
Sex Female 14.4 (10.1,18.8) 15.7 (11.9,19.5) 12.9 (10.1,15.7)

Male 19.0 (13.7,24.4) 24.6 (19.6,29.5) 17.7 (14.3,21.1)
Location Proximal 4.7 (0.0,6.5) 6.9 (0.0,8.7) 4.1 (0.0,5.2)

Distal 4.8 (3.0,6.6) 4.3 (5.1,5.8) 4.3 (3.0,5.5)
Rectal 7.0 (3.0,9.2) 8.6 (2.9,10.6) 6.7 (3.2,8.2)

Incidence is per 100,000 population. Age Standardized Incidence ASI, and 95% Confidence intervals CI Early onset CRC < 50 years, older age begins at 80 years for 
total ethnicity and 70 years for Māori ethnicity, both approximately 3% of their populations

Table 2 Incidence rate ratios
Total Māori
IRR (95% CI) IRR (95% CI)

All ages 1.00 (0.98, 1.01) 1.28 (1.21,1.36)***
EOCRC 1.26 (1.20, 1.33)*** 1.36 (1.21,1.54)***
Midlife 0.82 (0.81, 0.84)*** 0.97 (0.92,1.03)
Older 0.99 (0.96, 1.02) 0.96 (0.89,1.04)
Incidence Rate Ratio over 10 years with 95% confidence intervals. Early onset 
CRC < 50 years, older age begins at 80 years for total ethnicity and 70 years for 
Māori ethnicity, both approximately 3% of their populations. *** P < 0.0005. 
Models to calculate IRR include Age, Gender and location of cancer

Table 3 Total population Incidence Rate Ratios by sex and site 
of disease

Female Male
Age (years) Site IRR IRR
< 50 Proximal 1.14 (1.02,1.28)* 1.20 (1.07,1.35)**

Distal 1.29 (1.17,1.41)*** 1.35 (1.24,1.48)***
Rectal 1.25 (1.18,1.32)*** 1.32 (1.25,1.39)***

50–79 Proximal 0.77 (0.74,0.79)*** 0.81 (0.78,0.83)***
Distal 0.83 (0.79,0.86)*** 0.87 (0.84,0.91)***
Rectal 0.81 (0.79,0.84)*** 0.86 (0.84,0.88)***

80+ Proximal 1.04 (1.00,1.08) 1.09 (1.05,1.14)***
Distal 0.92 (0.87,0.97)* 0.97 (0.92,1.02)
Rectal 0.86 (0.81,0.90)*** 0.90 (0.85,0.95)***

Incidence Rate Ratio over 10 years with 95% confidence intervals.* P < 0.05, ** 
P < 0.005, *** P < 0.0005
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34.5% of all CRC cases, and potentially a further 1029 
cases per year by 2040, representing 43% of all CRC diag-
nosed. For Māori, by 2040, the total number of cases of 
EOCRC is predicted to more than double, and make up 
20.55% of all CRC cases (Table 4).

All model terms were tested for significance with like-
lihood ratio tests; no other interactions significantly 
improved fit using the likelihood ratio test (P > 0.05). The 
models showed no evidence of lack of fit, P > 0.408, (0.269 
Māori), over dispersion or inferior fit to a Negative Bino-
mial model, Log Likelihood test df = 29, P = 0.795.(df = 18 
P > 0.99). Autocorrelation plots revealed no evidence of 
correlation with lagged variables (all r < 0.5.)

Discussion
This study has shown that the age-standardized incidence 
of CRC is falling, while the incidence of EOCRC in Aote-
aroa New Zealand is continuing to rise. This increase 
in EOCRC incidence is predominantly associated with 
distal colonic and rectal cancers, with smaller increases 
seen in proximal colonic cancers. In patients aged 50–79, 
however, there are ongoing decreases in CRC incidence 
across all sites. Concerningly, in contrast to the total pop-
ulation, crude incidence of CRC in Māori is rising, driven 
by increases in incidence of EOCRC in Māori patients.

Comparing these results to data published by Gandhi 
et al [2] that described incidence rates in Aotearoa New 

Fig. 1 Incidence rate trends for total population and Māori ethnicity. Incidence rates shown by total population and Māori ethnicity by age group, site 
of tumor and sex. EOCC is less than 50 years old, older age begins at 80 for total ethnicity and 70 for Māori ethnicity. Note different scale on y-axes for each 
age group
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Zealand from 1995 to 2012, rates of increase of EOCRC 
appear to be rising. The rates of increase of rectal can-
cer incidence in women is accelerating from 13% per 
decade to 25% per decade, while rates of increase in distal 
colonic cancer in men has risen from 14% per decade to 
35% per decade, and likewise rates of increase of rectal 
cancer incidence in men has risen from 18% per decade 
to 32%. This study has also shown statistically significant 
increases in other sites that previously failed to reach sig-
nificance, with rates of distal colonic cancers in women 
rising by 29% per decade (p = < 0.0005), and rates of prox-
imal colonic cancers in women rising by 14% (p = < 0.05) 
and 20% in men (p = < 0.005). Our modelling predicts 
that if these trends continue to 2030, there will be 361 
cases of EOCRC diagnosed in Aotearoa New Zealand, an 
increase of 92 cases per year when compared with num-
bers seen in 2020. These numbers increase to a potential 
524 total cases per year by 2040, an additional 255 cases 
of EOCRC per year.

Our data shows that early onset colorectal cancers are 
predominately sigmoid and rectal cancers as has been 
described in other studies [2, 16]. This is, however, the 
first data to also show significant increases in proximal 
colonic cancers here in Aotearoa New Zealand. This is 
consistent with trends seen in Europe over the past 25 
years [17]. The evolving pattern of disease will have sig-
nificant implications with regards to potential screening 
methods, with proximal cancers being missed by flexible 
sigmoidoscopy.

While a recent metanalysis found that there was no 
material difference in cancer specific survival in EOCRC 
compared to older patients [7], strategies are needed to 
help improve outcomes in EOCRC. One issue affecting 
EOCRC internationally is delay to diagnosis [5, 18], with 
delays contributing to more advanced stage at diagno-
sis, and resulting in poorer outcomes [19]. These delays 
may be driven by patients not seeking medical advice for 
symptoms, or doctors not appreciating the epidemiologi-
cal shift in the pattern of this disease and, therefore, not 
investigating young patients appropriately. One study 
found that the largest contributor to delays in diagnosis 
in rectal cancer in patients under 50 years was patients 
not seeking medical advice, with a median time from 
symptom onset to seeing a doctor of 121 days, compared 
to only 21 days in patients over 50 years [18]. Improving 
patient education about when to seek medical attention 
may help improve these delays. Bowel Cancer New Zea-
land’s recent campaign, ‘Never too young’, is an example 
of an organisation helping to improve patient education 
about what signs to look out for [20]. Likewise, improv-
ing physician education to ensure timely workup of 
symptomatic patients once they have presented is also 
crucial. There is no specific data on whether there is dif-
ferent survival in EOCRC in Aotearoa New Zealand or 
on delays to diagnosis in those aged under 50 years in 
Aotearoa New Zealand, and these are both areas where 
further research would be beneficial.

Table 4 Projections to 2040
2020 actual 2030 predicted 2040 predicted
count % count % (CI) count % (CI)

Total Ethnicity
Population 5.1 M 5.4 M 5.8 M
Cases 3142 3665 (3581, 3749) 4255 (4099, 4411)
Incidence 61.8 67.36 (65.81, 68.90) 73.07 (70.39, 75.75)

EOCRC Population 3.4 M 65.90% 3.4 M 62.95% 3.5 M 60.31%
Cases 269 8.56% 361 9.85% (331, 391) 524 12.31% (458, 590)
Incidence 8.00 10.50 (9.7, 11.4) 14.90 (13.0, 16.8)

Older 80+ Population 0.2 M 3.65% 0.3 M 5.29% 0.4 M 7.14%
Cases 801 25.49% 1266 34.54% (1210, 1322) 1830 43.01% (1711, 1949)
Incidence 431.76 440.04 (420.7, 459.4) 439.96 (411.4, 468.5)

Māori ethnicity
Population 854.9 K 1,019.30 K 1,187.6 K
Cases 244 327 (308, 346) 438 (400, 476)
Incidence 28.54 32.04 (30.22, 33.94) 36.88 (33.68, 40.08)

EOCRC Population 678.78 K 77.34% 788.40 K 77.35% 897.10 K 75.5%
Cases 43 17.6% 52 15.90%  [44, 60] 90 20.55% (70, 109)
Incidence 6.33 6.64 (5.63, 7.64) 10 (7.84, 12.17)

Older 70+ Population 33.03 K 3.86% 60.30 K 5.92% 97.60 K 8.22%
Cases 69 28.3% 130 39.76% (117, 142) 201 45.89% (173, 229)
Incidence 208.9 215.19 (194.45, 235.94) 205.61 (176.76, 234.45)

Predicted case numbers and incidence with 95% confidence intervals (in parentheses) based on Poisson regression on Median population growth projections for 
2030 and 2040. Actual data shown for 2020
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Lowering the age of screening will also help, through 
both prevention of some cancers and earlier diagno-
sis of others. Aotearoa New Zealand has only recently 
started screening patients over 60 years of age, and the 
exact impact of this in the screened population has yet 
to be established. In contrast to many other countries 
around the world that have been screening people over 
the age of 50 years, including Canada, UK, and Germany, 
with the USA and Australia recently screening from age 
45 years [21–24]. Several American guidelines, includ-
ing the American Cancer Society (ACS) [25], National 
Comprehensive Cancer Network (NCCN) [26], Ameri-
can College of Gastroenterology (ACG) [27] and the US 
preventative task force now recommend starting screen-
ing of average risk individuals at 45 years of age [28, 29]. 
While there is no direct evidence that screening below 
the age of 50 years will reduce EOCRC, countries such as 
Italy, Austria and Japan have been screening patients in 
their 40’s since the 1980s [24], and they are some of the 
few countries internationally where EOCRC rates have 
been declining [3, 17, 30, 31]. 

We acknowledge that there will be issues with resourc-
ing, and health systems need to balance providing access 
to colonoscopy for screening programmes, without 
increasing wait times for at-risk or symptomatic popula-
tions. This, however, should not limit goals for standards 
of care from being set, and increasing endoscopy capac-
ity should be a priority for health systems to reach these 
goals. In the long term, it will save the health system 
money due to reduced treatment costs as a result of ear-
lier diagnosis of CRC. Modelling studies from both USA 
and Canada have shown screening from 45 years, or as 
low as 40 years to be cost effective [32, 33]. Because of 
this, we believe that screening for average-risk individu-
als in Aotearoa New Zealand should start at age 45. It 
is important to note that while this will only reduce the 
impact in those eligible for screening, this makes up a 
large proportion of all EOCRC, with 44% of all EOCRC 
diagnosed during our study period occurring in those 
aged 45–49 years (see Supplementary Table 4). Look-
ing forward, as methods of diagnosis improve, such as 
through the development of biomarkers, screening could 
potentially selectively target younger higher-risk patients 
[34]. Timely diagnosis of younger symptomatic indi-
viduals is also critical. Given that the largest increases in 
EOCRC incidence were seen in distal colonic and rec-
tal cancers, clinicians may consider flexible sigmoidos-
copy as a tool to investigate per rectal bleeding in young 
patients.

This study has observed increases in the incidence of 
CRC in Māori, with this change being driven by increases 
in EOCRC. Additionally, Māori patients aged 50–69 years 
are not seeing the same decreases in incidence rates that 
are occurring in the total population. Ongoing sequelae 

of colonisation includes reduced life expectancy in Māori 
compared to non-Māori; [35] hence, to keep propor-
tions comparative, the age threshold for older Māori was 
reduced to 70 years [36]. While incidence rates of CRC 
in Māori patients remain lower than in non-Māori, due 
to the different age distribution of the Māori population, 
with a far higher proportion of younger people, Māori 
patients are disproportionately affected by early-onset 
disease, with 30% of diagnoses in Māori women and 25% 
in Māori men occurring prior to the age of 50 years [37]. 
Also, Māori, once diagnosed with CRC are more likely 
to die from their disease than non-Māori [38]. Causes 
for this are likely multifactorial and there is evidence of 
inequitable access to early diagnosis, chemotherapy, and 
treatment in CRC [39]. Māori are also more likely to 
be diagnosed with stage 4 disease (stage 4 colon cancer 
31.6% vs. 22.8%, stage 4 rectal cancer 29.4% vs. 18.1%) 
[40], which may be due to greater delays to diagnosis. 
These factors make the rate of increase in Māori patients 
under 50 extremely concerning and if these increases 
go unchecked, we will see rates in Māori overtake those 
of the general population. To help combat this inequity, 
lowering of the screening age in Aotearoa New Zealand 
should be extended further for Māori. The fact that CRC 
incidence in Māori aged 50–69 years is not falling, may 
also be a result of inequitable access to health interven-
tions, such as bowel cancer screening, or increasing use 
of diagnostic colonoscopy for symptomatic patients, 
which has previously been credited with helping drive 
the decreases in incidence we are seeing in older adults 
[2]. 

The factors driving the increase in EOCRC incidence 
are unknown but are likely to be multifactorial. LOCRC 
appears to be driven by the interaction of an individual’s 
microbiome and diet, with conventional risk factors, such 
as obesity, alcohol, processed meat, sugary drinks, and 
a ‘Western diet’ (high fat, high meat, and low fibre), and 
such mechanisms are likely with EOCRC [41–47], How-
ever the mechanism must be different from LOCRC to be 
driving different changes in incidence. While several bac-
terial species have already been implicated in adenoma or 
LOCRC development [48–50], data specific to EOCRC 
suggest that the microbiome in patients with EOCRC is 
different compared that found in patients with LOCRC 
and healthy controls [51]. These differences may reflect 
early-life events and/or ongoing environmental factors, 
many of which emerged over the past several decades. 
These include caesarean delivery [52], formula feeding 
[53], antibiotic use [54], changing diet, synthetic food 
dyes, MSG high-fructose corn syrup, or microplastics 
[55]. 

Managing the impact that cancer diagnosis and treat-
ment has on younger patients also needs to be consid-
ered. Recent research has shown that there are large 
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deficits in cancer survivorship care in Aotearoa New Zea-
land, this having profound impacts on the wellbeing of 
cancer patients after treatment [56]. This is particularly 
important in EOCRC patients, with research showing 
psychosocial impacts being more pronounced in EOCRC 
compared with LOCRC [57]. This is another area where 
we believe more focus and funding is critical to improve 
the quality of life of the increasing numbers of EOCRC 
patients.

It is however worth emphasising that despite the ris-
ing incidence of EOCRC, CRC remains largely a disease 
of older adults. From 2015 to 2020, an average of 92.5% 
of CRC was diagnosed in those over the age of 50 years 
and the absolute incidence rates of EOCRC are a small 
fraction of those seen in older patients (Table  1). It is 
also worth considering that for patients over the age of 
80 years, the increasing incidence rates may be a result 
of increased detection, rather than a true increasing 
prevalence of disease, e.g., increasing incidental find-
ings of CRC picked up on cross sectional imaging for 
another indication [58]. Whatever the cause, due to the 
rapidly aging population the volume of CRC diagno-
ses in patients over 80 years is set to increase dramati-
cally. Our modelling has shown that the number of CRC 
cases diagnosed over the age of 80 will increase from 801 
in 2020 to 1266 as close as 2030, and to a potential 1830 
cases per year in 2040. This will mean that CRCs diag-
nosed over the age of 80 years may account for 34.5% of 
all CRC cases in 2030, and 43% in 2040. How to manage 
this will be another huge challenge ahead for our already 
struggling health system. Discussions around whether 
this may necessitate rationing of health-care resources 
for elderly people are already underway, and is a conten-
tious issue that is likely to become more urgent [59–61]. 

A notable strength of this study is that it is the most 
up-to-date, population-based data describing overall 
trends in CRC incidence in Aotearoa New Zealand by 
age, sex, and site of disease. From 1995 it has been com-
pulsory to register all new cancer diagnoses in Aotearoa 
New Zealand with the New Zealand Cancer Registry, 
so we can be confident that this study captures the vast 
majority of new diagnoses of colorectal adenocarcinoma 
in Aotearoa New Zealand. There are, however, some limi-
tations, namely that cancer registrations can be missed 
or miscategorised, either with an incorrect type or site of 
disease; these are problems inherent with using any reg-
istry data. The impact of bowel cancer screening has also 
not been specifically addressed in this paper. It was tri-
alled in one area of Aotearoa New Zealand starting from 
2011, and then rolled out nationally from 2019 to 2021. 
Therefore, it will currently be having an impact on CRC 
incidence rates in the middle age bracket. There are well-
documented problems with undercounting of Māori eth-
nicity [62] and there was also a change to Māori ethnicity 

classification in 2006, which may influence calculated 
incidence in this analysis, and result in underestimation 
of incidence rates. This research has been approved and 
guided by input from Māori researchers, and follow-
ing the steps outlined in the CONSIDER statement [14], 
however none of the researchers are themselves Māori 
and we acknowledge this as a limitation. While every care 
has been taken with the methodology, we urge caution 
when interpreting these projections as they are sensitive 
to changes in population structure, due to extrinsic fac-
tors, such as, immigration and economic circumstances. 
For our predictions, we have assumed an ongoing linear 
trend of all incidence rates, but for EOCRC in recent 
years, the rate of increase has been increasing, so our pre-
dictions in this group may be an underestimation. This 
also does not take into account any impact of screening, 
which is likely to reduce the incidence in CRC in older 
populations. There is currently no data on EOCRC sur-
vival in Aotearoa New Zealand and we acknowledge that 
this as an area where further research is required.

Conclusion
The incidence of EOCRC in Aotearoa New Zealand con-
tinues to increase, and incidence rates are rising faster in 
Māori compared to the total population. More research 
is required to establish the causes of this trend and 
develop strategies to reduce incidence and determine the 
best management and support for these patients. Addi-
tionally with an aging population, CRC diagnosis in the 
oldest age groups will present a significant and increasing 
burden to health systems.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12885-024-12122-y.

Supplementary Material 1

Acknowledgements
We would like to that New Zealand Cancer registry for their time extracting 
the dataset.

Author contributions
OW was involved in every stage of the production of this manuscript. 
JP and AM were involved in methodology, data analysis and review 
and editing. HM was involved in methodology, data collection, writing 
of original draft and review and editing. RP, JK and TG were involved in 
conceptualization, methodology and review and editing, and FF was involved 
in conceptualization, methodology, writing of original draft and review and 
editing. All authors read and approved the final manuscript.

Funding
The contributions to this research by Dr Oliver Waddell were done while on 
interruption from paid clinical work, doing a PhD fulltime. This was made 
possible with the help of a scholarship and stipend from the Colorectal 
Surgical Society of Australia and New Zealand (CSSANZ), as well as a research 
grant from NZSG (New Zealand Society of Gastroenterology).

https://doi.org/10.1186/s12885-024-12122-y
https://doi.org/10.1186/s12885-024-12122-y


Page 9 of 10Waddell et al. BMC Cancer          (2024) 24:456 

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request, or by request from the New 
Zealand Cancer registry.

Declarations

Ethics approval
Ethical approval was obtained from the University of Otago Health Ethics 
Committee (UOHEC), (HD23/044), and University of Otago, Māori health 
advancement Komiti. The need for informed consent was waived by the 
institutional review board, the University of Otago Health Ethics Committee 
(UOHEC). Furthermore, data from cancer registry is allowed to be used for 
the purpose of cancer incidence studies as stated in the New Zealand Cancer 
Registry Act 1993 [13]. Our research processes and reporting are aligned 
with and have been guided by the CONSIDER statement [14] and we have 
completed the CONSIDER checklist (Supplementary Table 1).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 30 October 2023 / Accepted: 14 March 2024

References
1. Ministry of Health NZ. Data accessed July 2023 15:00 UTC (GMT) from https://

www.health.govt.nz/nz-health-statistics/health-statistics-and-data-sets/
cancer-new-registrations-and-deaths-series. Cancer: New registrations and 
deaths - series. 2023.

2. Gandhi J, Davidson C, Hall C, Pearson J, Eglinton T, Wakeman C, et al. 
Population-based study demonstrating an increase in colorectal cancer in 
young patients. Br J Surg. 2017;104(8):1063–8.

3. Siegel RL, Soerjomataram I, Hayes RB, Bray F, Weber TK, Jemal A. Global 
patterns and trends in colorectal cancer incidence in young adults. Gut 
[Internet]. 2019;68:2179–85. https://doi.org/10.1136/gutjnl-2019-319511.

4. Chittleborough TJ, Gutlic I, Pearson JF, Watson A, Bhatti LA, Buchwald P, et 
al. Increasing incidence of young-onset colorectal carcinoma a 3-country 
population analysis. Dis Colon Rectum. 2020;63(7):903–10.

5. Sinicrope FA. Increasing incidence of early-onset Colorectal Cancer. N Engl J 
Med. 2022;386(16):1547–58.

6. Thompson N, Gatenby G, Waddell O, Purcell R, Keenan J, Pearson JF, et 
al. Early onset colorectal cancer in Canterbury, New Zealand. ANZ J Surg. 
2023;93(9):2148–54.

7. Jin T, Li X, Ji J, Li J, Yin X, Xu K et al. Comparison of the short-and long-term 
prognosis of early-onset colorectal cancer compared with later-onset 
colorectal cancer: A systematic review and meta-analysis. 2023 [cited 2023 
Jun 15]; https://doi.org/10.1002/hsr2.1307.

8. New Zealand Cancer Registry (NZCR). | Ministry of Health NZ [Inter-
net]. [cited 2023 May 5]. Available from: https://www.health.govt.
nz/nz-health-statistics/national-collections-and-surveys/collections/
new-zealand-cancer-registry-nzcr.

9. Ministry of Health. Ethnicity data protocols. Wellington; 2017.
10. NZ Statistics. Data extracted 01 Jul 2023 15:00 UTC (GMT) from NZ.stat. Esti-

mated resident population (ERP), subnational population by ethnic group, 
age, and sex, at 30 June 1996, 2001, 2006, 2013, and 2018. 2023.

11. NZ Statistics. Data extracted on 01 Aug 2023 21:05 UTC (GMT) from NZ.Stat. 
National population projections, by age and sex, 2022(base)-2073. 2023.

12. New Zealand. Stats NZ. Māori ethnic group population estimates 2006-18.
13. Cancer Registry Act 1993 No 102 (as at 28 October 2021), Public Act Contents 

– New Zealand Legislation [Internet]. [cited 2023 Nov 17]. Available from: 
https://www.legislation.govt.nz/act/public/1993/0102/latest/DLM318888.
html.

14. Huria T, Palmer SC, Pitama S, Beckert L, Lacey C, Ewen S et al. Consoli-
dated criteria for strengthening reporting of health research involving 
indigenous peoples: The CONSIDER statement. BMC Med Res Methodol 
[Internet]. 2019 Aug 9 [cited 2023 Jun 6];19(1):1–9. Available from: https://

bmcmedresmethodol.biomedcentral.com/articles/https://doi.org/10.1186/
s12874-019-0815-8.

15. Standard Populations - Datasets. - Scottish Health and Social Care Open Data 
[Internet]. [cited 2024 Feb 9]. Available from: https://www.opendata.nhs.scot/
dataset/standard-populations.

16. Siegel RL, Wagle NS, Cercek A, Smith RA, Jemal A. Colorectal cancer statistics, 
2023. CA Cancer J Clin. 2023.

17. Vuik FER, Nieuwenburg SAV, Bardou M, Lansdorp-Vogelaar I, Dinis-Ribeiro M, 
Bento MJ et al. Original article: Increasing incidence of colorectal cancer in 
young adults in Europe over the last 25 years. Gut [Internet]. 2019 [cited 2023 
Aug 14];68(10):1820. Available from: /pmc/articles/PMC6839794/.

18. Scott RB, Rangel LE, Osler TM, Hyman NH. Rectal cancer in patients under 
the age of 50 years: the delayed diagnosis. The American Journal of Surgery 
[Internet]. 2016 Jun 1 [cited 2021 Sep 2];211(6):1014–8. Available from: http://
www.americanjournalofsurgery.com/article/S0002961015005942/fulltext.

19. Firth M, Blackmore BSocSci T, Chepulis L, Keenan MBChB R, Stokes TM, 
Elwood MM et al. Why does New Zealand have such poor outcomes from 
colorectal cancer? the importance of the pre-diagnostic period. 2004.

20. Never Too Young -. Don’t Ignore Symptoms - Bowel Cancer NZ [Inter-
net]. [cited 2022 Sep 13]. Available from: https://bowelcancernz.org.nz/
never-too-young/.

21. Screening for colorectal cancer. | Canadian Cancer Society [Internet]. [cited 
2022 Sep 13]. Available from: https://cancer.ca/en/cancer-information/
cancer-types/colorectal/screening.

22. Bowel cancer screening - NHS [Internet]. [cited 2022 Sep 13]. Available from: 
https://www.nhs.uk/conditions/bowel-cancer-screening/.

23. Niedermaier T, Balavarca Y, Brenner H. Screening for Colorectal Cancer - A 
German Perspective. American Journal of Gastroenterology. Volume 116. 
Wolters Kluwer Health; 2021. p. 841.

24. Schreuders EH, Ruco A, Rabeneck L, Schoen RE, Sung JJY, Young GP et al. 
Colorectal cancer screening: a global overview of existing programmes. Gut 
[Internet]. 2015 Oct 1 [cited 2023 Jul 31];64(10):1637–49. Available from: 
https://gut.bmj.com/content/64/10/1637.

25. Wolf A, Fontham E, Church T, Flowers C. Screening for colon and rectal cancer 
in average-risk adults. CA Cancer J Clin. 2018;68(4):282–3.

26. Provenzale D, Ness RM, Llor X, Weiss JM, Abbadessa B, Cooper G et al. NCCN 
Guidelines Insights: Colorectal Cancer Screening, Version 2.2020: Featured 
Updates to the NCCN Guidelines. Journal of the National Comprehensive 
Cancer Network [Internet]. 2020 Oct 1 [cited 2023 Sep 19];18(10):1312–20. 
Available from: https://jnccn.org/view/journals/jnccn/18/10/article-p1312.
xml.

27. Shaukat A, Kahi CJ, Burke CA, Rabeneck L, Sauer BG, Rex DK. ACG Clinical 
Guidelines: Colorectal Cancer Screening 2021. Am J Gastroenterol [Internet]. 
2021 Mar 1 [cited 2023 Aug 15];116(3):458–79. Available from: https://
pubmed.ncbi.nlm.nih.gov/33657038/.

28. Lin JS, Perdue LA, Henrikson NB, Bean SI, Blasi PR. Screening for Colorec-
tal Cancer: Updated Evidence Report and Systematic Review for the US 
Preventive Services Task Force. JAMA [Internet]. 2021 May 18 [cited 2023 Aug 
21];325(19):1978–98. Available from: https://jamanetwork.com/journals/
jama/fullarticle/2779987.

29. Kolb JM, Hu J, Desanto K, Gao D, Singh S, Imperiale T et al. Early-Age Onset 
Colorectal Neoplasia in Average-Risk Individuals Undergoing Screening 
Colonoscopy: A Systematic Review and Meta-Analysis. 2021 [cited 2022 Sep 
12]; https://doi.org/10.1053/j.gastro.2021.06.006.

30. Li Q, Yu M, Lv H, Zhang L, Deng Y, Yu H. Burden of early-onset colorectal 
cancer along with attributable risk factors from 1990 to 2019: a compara-
tive study between China and other G20 countries. BMC Public Health 
[Internet]. 2023 Dec 1 [cited 2023 Aug 9];23(1):1463. Available from: https://
bmcpublichealth.biomedcentral.com/articles/https://doi.org/10.1186/
s12889-023-16407-y.

31. Waddell O, Glyn T, Frizelle F. Is it time to reduce the age of screen-
ing for colorectal cancer? N Z Med J [Internet]. 2023 Aug 4 [cited 2023 
Sep 6];136(1580):8–11. Available from: https://pubmed.ncbi.nlm.nih.
gov/37536307/.

32. Knudsen AB, Rutter CM, Peterse EFP, Lietz AP, Seguin CL, Meester RGS et 
al. Colorectal Cancer Screening: An Updated Decision Analysis for the U.S. 
Preventive Services Task Force. Colorectal Cancer Screening: An Updated 
Decision Analysis for the US Preventive Services Task Force [Internet]. 2021 
[cited 2022 Sep 13];(AHRQ Publication No. 20-05271-EF-2). Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK570833/.

33. Kalyta A, Ruan Y, Telford JJ, Vera MA, De, Peacock S, Brown C et al. Associa-
tion of Reducing the Recommended Colorectal Cancer Screening Age With 

https://www.health.govt.nz/nz-health-statistics/health-statistics-and-data-sets/cancer-new-registrations-and-deaths-series
https://www.health.govt.nz/nz-health-statistics/health-statistics-and-data-sets/cancer-new-registrations-and-deaths-series
https://www.health.govt.nz/nz-health-statistics/health-statistics-and-data-sets/cancer-new-registrations-and-deaths-series
https://doi.org/10.1136/gutjnl-2019-319511
https://doi.org/10.1002/hsr2.1307
https://www.health.govt.nz/nz-health-statistics/national-collections-and-surveys/collections/new-zealand-cancer-registry-nzcr
https://www.health.govt.nz/nz-health-statistics/national-collections-and-surveys/collections/new-zealand-cancer-registry-nzcr
https://www.health.govt.nz/nz-health-statistics/national-collections-and-surveys/collections/new-zealand-cancer-registry-nzcr
https://www.legislation.govt.nz/act/public/1993/0102/latest/DLM318888.html
https://www.legislation.govt.nz/act/public/1993/0102/latest/DLM318888.html
https://bmcmedresmethodol.biomedcentral.com/articles/
https://bmcmedresmethodol.biomedcentral.com/articles/
https://doi.org/10.1186/s12874-019-0815-8
https://doi.org/10.1186/s12874-019-0815-8
https://www.opendata.nhs.scot/dataset/standard-populations
https://www.opendata.nhs.scot/dataset/standard-populations
http://www.americanjournalofsurgery.com/article/S0002961015005942/fulltext
http://www.americanjournalofsurgery.com/article/S0002961015005942/fulltext
https://bowelcancernz.org.nz/never-too-young/
https://bowelcancernz.org.nz/never-too-young/
https://cancer.ca/en/cancer-information/cancer-types/colorectal/screening
https://cancer.ca/en/cancer-information/cancer-types/colorectal/screening
https://www.nhs.uk/conditions/bowel-cancer-screening/
https://gut.bmj.com/content/64/10/1637
https://jnccn.org/view/journals/jnccn/18/10/article-p1312.xml
https://jnccn.org/view/journals/jnccn/18/10/article-p1312.xml
https://pubmed.ncbi.nlm.nih.gov/33657038/
https://pubmed.ncbi.nlm.nih.gov/33657038/
https://jamanetwork.com/journals/jama/fullarticle/2779987
https://jamanetwork.com/journals/jama/fullarticle/2779987
https://doi.org/10.1053/j.gastro.2021.06.006
https://bmcpublichealth.biomedcentral.com/articles/
https://bmcpublichealth.biomedcentral.com/articles/
https://doi.org/10.1186/s12889-023-16407-y
https://doi.org/10.1186/s12889-023-16407-y
https://pubmed.ncbi.nlm.nih.gov/37536307/
https://pubmed.ncbi.nlm.nih.gov/37536307/
https://www.ncbi.nlm.nih.gov/books/NBK570833/


Page 10 of 10Waddell et al. BMC Cancer          (2024) 24:456 

Cancer Incidence, Mortality, and Costs in Canada Using OncoSim. JAMA 
Oncol [Internet]. 2023 Jul 20 [cited 2023 Aug 9]; Available from: https://jama-
network.com/journals/jamaoncology/fullarticle/2807477.

34. Waddell O, Frizelle F, Keenan J. The role of biomarkers to increase the detec-
tion of early-onset colorectal cancer. European society of medicine: Medical 
research archives; 2023.

35. Reid J, Taylor-Moore K, Varona G. Towards a Social-Structural Model for 
Understanding Current Disparities in Maori Health and Well-Being. J Loss 
Trauma [Internet]. 2014 Nov 1 [cited 2023 Oct 16];19(6):514–36. Available 
from: https://www.tandfonline.com/doi/abs/https://doi.org/10.1080/153250
24.2013.809295.

36. Robson B, Purdie G, Cram F, Simmonds S. Age standardisation - An indig-
enous standard? Emerg Themes Epidemiol [Internet]. 2007 May 14 [cited 
2023 Oct 17];4(1):1–11. Available from: https://ete-online.biomedcentral.
com/articles/https://doi.org/10.1186/1742-7622-4-3.

37. Mcleod M, Harris R, Paine S. Bowel cancer screening age range for 
Māori: what is all the fuss about? NZ Med J [Internet]. 2021 [cited 2023 
Aug 15];134(1535):71–7. Available from: https://pubmed.ncbi.nlm.nih.
gov/34012141/.

38. Hill S, Sarfati D, Blakely T, Robson B, Purdie G, Chen J et al. Survival disparities 
in Indigenous and non-Indigenous New Zealanders with colon cancer: the 
role of patient comorbidity, treatment and health service factors. Available 
from: http://jech.bmj.com/.

39. Lao C, Kuper-Hommel M, Laking G, Chepulis L, Lawrenson R. Evidence of 
inequitable use of chemotherapy in New Zealand colorectal cancer patients. 
N Z Med J. 2020;133(1520):15–26.

40. Sharples K, Firth M, Hinder V, Hill A, Jee M, Sarfati D et al. The New Zealand 
PIPER Project: colorectal cancer survival according to rurality, ethnicity and 
socioeconomic deprivation-results from a retrospective cohort study. NZMJ 
[Internet]. 2018 [cited 2022 Mar 15];8:1476. Available from: www.nzma.org.nz/
journal.

41. Liu PH, Wu K, Ng K, Zauber AG, Nguyen LH, Song M, et al. Association of Obe-
sity with risk of early-onset colorectal Cancer among women. JAMA Oncol. 
2019;5(1):37–44.

42. Hur J, Otegbeye E, Joh HK, Nimptsch K, Ng K, Ogino S, et al. Sugar-sweetened 
beverage intake in adulthood and adolescence and risk of early-onset 
colorectal cancer among women. Gut. 2021;70(12):2330–6.

43. Chen X, Li H, Guo F, Hoffmeister M, Brenner H. Alcohol consumption, 
polygenic risk score, and early- and late-onset colorectal cancer risk. EClini-
calMedicine [Internet]. 2022 Jul 1 [cited 2022 Aug 31];49:101460. Available 
from: http://www.thelancet.com/article/S2589537022001900/fulltext.

44. Low EE, Demb J, Liu L, Earles A, Bustamante R, Williams CD et al. Risk 
Factors for Early-Onset Colorectal Cancer. Gastroenterology [Internet]. 
2020;159(2):492–501.e7. https://doi.org/10.1053/j.gastro.2020.01.004.

45. O’Sullivan DE, Sutherland RL, Town S, Chow K, Fan J, Forbes N, et al. Risk fac-
tors for early-onset colorectal Cancer: a systematic review and Meta-analysis. 
Clinical gastroenterology and Hepatology. W.B. Saunders; 2021.

46. Carroll KL, Frugé AD, Heslin MJ, Lipke EA, Greene MW. Diet as a Risk Factor 
for Early-Onset Colorectal Adenoma and Carcinoma: A Systematic Review. 
Front Nutr [Internet]. 2022 Jun 9 [cited 2022 Jul 8];9. Available from: https://
pubmed.ncbi.nlm.nih.gov/35757246/.

47. Li H, Boakye D, Chen X, Hoffmeister M, Brenner H. Association of Body Mass 
Index With Risk of Early-Onset Colorectal Cancer: Systematic Review and 
Meta-Analysis. Am J Gastroenterol [Internet]. 2021;116(11):2173–83. Available 
from: https://doi.org/10.14309/ajg.0000000000001393.

48. Wong SH, Yu J. Gut microbiota in colorectal cancer: mechanisms of 
action and clinical applications. Nat Rev Gastroenterol Hepatol [Internet]. 
2019;16(11):690–704. https://doi.org/10.1038/s41575-019-0209-8.

49. Purcell RV, Pearson J, Aitchison A, Dixon L, Frizelle FA, Keenan JI. Coloniza-
tion with enterotoxigenic Bacteroides fragilis is associated with early-stage 
colorectal neoplasia. 2017.

50. Abdullah M, Sukartini Saskia Aziza Nursyirwan Rabbinu Rangga Pribadi 
Hasan Maulahela Amanda Pitarini Utari Virly Nanda Muzellina Agustinus 
Wiraatmadja Kaka Renaldi N. Gut microbiota profiles in early- and late-onset 
colorectal Cancer: a potential diagnostic biomarker in the future. Digestion 
[Internet]. 2021;102:823–32. Available from: www.karger.com/dig.

51. Kong C, Liang L, Liu G, Du L, Yang Y, Liu J, et al. Gut microbiota Integrated 
metagenomic and metabolomic analysis reveals distinct gut-microbiome-
derived phenotypes in early-onset colorectal cancer. Gut. 2022;0:1–14.

52. Sandall J, Tribe RM, Avery L, Mola G, Visser GH, Homer CS, et al. Short-term 
and long-term effects of caesarean section on the health of women and 
children. Lancet. 2018;392(10155):1349–57.

53. Farver M, smilowitz J. The Influence of Early Infant-Feeding Practices on the 
Intestinal Microbiome and Body Composition in Infants Supplementary 
Issue: Parental Nutritional Metabolism and Health and Disease of Offspring. 
Nutr Metab Insights [Internet]. 2015(8). Available from: http://www.cdc.gov/
breastfeeding/.

54. McDowell R, Perrott S, Murchie P, Cardwell C, Hughes C, Samuel L. Oral 
antibiotic use and early-onset colorectal cancer: findings from a case-control 
study using a national clinical database. British Journal of Cancer 2021 126:6 
[Internet]. 2021 Dec 17 [cited 2022 Aug 31];126(6):957–67. Available from: 
https://www.nature.com/articles/s41416-021-01665-7.

55. Hofseth LJ, Hebert JR, Chanda A, Chen H, Love BL, Pena MM et al. Early-onset 
colorectal cancer: initial clues and current views. Nat Rev Gastroenterol Hepa-
tol [Internet]. 2020 [cited 2022 Apr 12];17(6):352–64. https://doi.org/10.1038/
s41575-019-0253-4.

56. Bateman J, Egan R, Maclennan K. Survivorship care is one big gap: a qualita-
tive study of post-treatment supportive care in Aotearoa New Zealand. BMC 
Health Serv Res [Internet]. 2023 Dec 1 [cited 2023 Aug 14];23(1). Available 
from: https://pubmed.ncbi.nlm.nih.gov/37291526/.

57. Waddell O, Mclauchlan J, McCombie A, Glyn T, Frizelle F. Quality of life in 
early-onset colorectal cancer patients: systematic review. BJS Open [Internet]. 
2023 May 5 [cited 2023 May 24];7(3). Available from: https://academic.oup.
com/bjsopen/article/7/3/zrad030/7156601.

58. Lee SA, Poh A. Unsuspected colorectal carcinoma on routine abdomino-
pelvic computed tomography. Singapore Med J [Internet]. 2015 [cited 
2024 Jan 30];56(5):248–57. Available from: https://pubmed.ncbi.nlm.nih.
gov/26034316/.

59. Connor S. Is it time to ration access to acute secondary care health services 
to save the Aotearoa health system? N Z Med J. 2022;135(1550):7–12.

60. Bagshaw P, Bagshaw S, Barnett P, Nicholls G, Gowland S, Shaw C. The answer 
is more investment in health and welfare-not more rationing of healthcare! N 
Z Med J. 2022;135(1552):145–7.

61. Dalton S, Keene L. Response to the health crisis is responsible investment, 
not more rationing. N Z Med J. 2022;135(1552):148–50.

62. Harris R, Paine S, Atkinson J, Robson B, King P, Randle J et al. We still don’t 
count: the under-counting and under-representation of Māori in health 
and disability sector data - PubMed. NZMJ [Internet]. 2022 [cited 2023 
Oct 17];135(1567):54–78. Available from: https://pubmed.ncbi.nlm.nih.
gov/36521086/.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://jamanetwork.com/journals/jamaoncology/fullarticle/2807477
https://jamanetwork.com/journals/jamaoncology/fullarticle/2807477
https://www.tandfonline.com/doi/abs/
https://doi.org/10.1080/15325024.2013.809295
https://doi.org/10.1080/15325024.2013.809295
https://ete-online.biomedcentral.com/articles/
https://ete-online.biomedcentral.com/articles/
https://doi.org/10.1186/1742-7622-4-3
https://pubmed.ncbi.nlm.nih.gov/34012141/
https://pubmed.ncbi.nlm.nih.gov/34012141/
http://jech.bmj.com/
http://www.nzma.org.nz/journal
http://www.nzma.org.nz/journal
http://www.thelancet.com/article/S2589537022001900/fulltext
https://doi.org/10.1053/j.gastro.2020.01.004
https://pubmed.ncbi.nlm.nih.gov/35757246/
https://pubmed.ncbi.nlm.nih.gov/35757246/
https://doi.org/10.14309/ajg.0000000000001393
https://doi.org/10.1038/s41575-019-0209-8
http://www.cdc.gov/breastfeeding/
http://www.cdc.gov/breastfeeding/
https://www.nature.com/articles/s41416-021-01665-7
https://doi.org/10.1038/s41575-019-0253-4
https://doi.org/10.1038/s41575-019-0253-4
https://pubmed.ncbi.nlm.nih.gov/37291526/
https://academic.oup.com/bjsopen/article/7/3/zrad030/7156601
https://academic.oup.com/bjsopen/article/7/3/zrad030/7156601
https://pubmed.ncbi.nlm.nih.gov/26034316/
https://pubmed.ncbi.nlm.nih.gov/26034316/
https://pubmed.ncbi.nlm.nih.gov/36521086/
https://pubmed.ncbi.nlm.nih.gov/36521086/

	The incidence of early onset colorectal cancer in Aotearoa New Zealand: 2000–2020
	Abstract
	Background
	Methods
	Ethics approval
	Statistics

	Results
	Trends in CRC in Māori patients
	Trends by sex and site of disease
	Projections

	Discussion
	Conclusion
	References


