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Summaries
The common good: reviving our social contract to improve healthcare
Philip Bagshaw, John D Potter, Andrew Hornblow, Susan Bagshaw, Christopher Frampton, 
Robert Campbell, Ganesh R Ahirao (aka Ganesh Nana), William J Rosenberg, Gilbert 
O Barbezat, John McCall, Brian Cox, Matthew Roskruge, Frank Kueppers

Successive governments have not fulfilled their responsibility to provide open, adequate healthcare 
with the idea of achieving good health for all citizens. Their approaches have been to leave more and 
more responsibility for health in the hands of individual people. Governments need to make a new open 
contract that accepts their responsibility to provide comprehensive, high standard healthcare for all 
citizens. After all, that is a major part of their jobs.

Health Minister Brown wants to “fix” the system—but risks breaking it further
Virginia Mills, Lyndon Keene, Harriet Wild

In March, the minister of health announced that long-term, he wants to see as much planned care as 
possible outsourced to the private sector. This approach risks damaging the public health system further, 
by shifting much needed resources away from the public system and towards the private system. New 
Zealand has a limited number of senior doctors. Increasing how much planned care is outsourced 
to private providers will mean senior doctors leave the public system to work in the private system, 
which tends to have better pay, easier working conditions and less complex patients. Those who remain 
working in the public system will face heavier workloads, with fewer colleagues to look after much 
more high-risk, complex patients. Ultimately, outsourcing planned care will compromise the capacity of 
the public system to support patients needing acute care, and result in patients needing more complex 
and costly planned care being left behind. 

The effect of pre-operative cardiorespiratory fitness on functional and subjective outcomes 
following total hip and knee arthroplasty: a single centre, observational study
Brendon H Roxburgh, Holly A Campbell, James D Cotter, Ulla Reymann, 
Michael JA Williams, David P Gwynne-Jones, Kate N Thomas

Participants with low pre-operative fitness have poorer functional and perceived outcomes following 
hip or knee arthroplasty. Pre-operative fitness, either measured or estimated, and daily step count are 
useful clinical tools for predicting functional and subjective recovery following hip or knee arthroplasty. 
Future work should investigate whether pre-operative optimisation of these predictors translates to 
improved post-operative functional and subjective recovery, and clinical outcomes.

Delay to diagnosis in childhood bone and joint infection
Sarah Hunter, Elsie Brown, Haemish Crawford, Vanessa Selak, Cameron Grant

Bone and joint infections in children are potentially serious conditions, with the most unwell children 
requiring intensive care admission and multiple surgeries. Recent review shows that almost half of 
cases treated in the Auckland region receive an alternative diagnosis when first seeking medical care. 
Alternatively diagnosed children were more likely to have attended primary or urgent care centres. 
Getting an alternative diagnosis delayed treatment by 3 days on average. Children experiencing 
symptoms in the community for longer than a week were more likely to experience spread of infection, 
requiring more surgery and longer hospitalisations, at higher cost.
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Anticoagulation management and poor clinical outcomes in children 
and young adults following mechanical valve replacement surgery 
for rheumatic heart disease in Counties Manukau
Prathyusha Tangirala, Bridget Farrant, Rachel Webb

Rheumatic heart disease (RHD) causes significant cardiovascular morbidity and mortality, with persisting 
inequitably high rates in Māori and Pacific tamariki and rangatahi. Mechanical valve replacement 
surgery is required for people with severe RHD and requires lifetime anticoagulation. Information 
regarding anticoagulation and outcomes following mechanical valve replacement surgery for RHD is 
lacking. We aimed to describe patient characteristics, anticoagulation management and complications 
in a cohort of tamariki and rangatahi ≤25 in Counties Manukau. Fifty-three patients ≤25 years old 
were identified. The median age at time of first mechanical valve surgery was 15 years (range 4–23 
years). Nineteen percent were Māori, and 81% were Pacific. The most common method of monitoring 
was via the community laboratory service and general practitioner. Over 70% of persons (38) had ≥1 
anticoagulation-related hospitalisation. Most were due to high or low international normalised ratio 
(INR) levels, but 14% had haemorrhage, 9% stroke, 6% other thromboembolic events and 4% prosthetic 
valve thrombosis. Five deaths occurred between 2016 and 2021. Urgent efforts are required to improve 
services for anticoagulation monitoring and management and clinical outcomes in young adults 
following mechanical valve surgery for RHD.

Electric scooter–related orthopaedic injuries in Wellington
Wing Yung Agnes Chu, Michael T Lee, Ilia Elkinson

Commercially operated e-scooters were introduced to Wellington City in June 2019. In the 2 years prior, 
there were two e-scooter–related orthopaedic fractures, compared with the 145 fractures sustained over 
the 2 years since their introduction. Twenty-nine percent of orthopaedic fractures required an operation. 
Intoxicated drivers were more likely to have open wounds associated with their limb fractures.

Proton pump inhibitors in cirrhosis: a retrospective five-year analysis 
of increased risks of hepatic decompensation and infections
Abhimati Ravikulan, Natalie Russell, Christin Coomarasamy, Ashok Raj

This study looked at the effects of proton pump inhibitors (PPIs)—commonly used for acid reflux and 
ulcers—on people with cirrhosis, a serious liver disease. Researchers followed 392 patients for 5 years 
and found that many were prescribed PPIs without a strong medical reason. Patients taking PPIs had a 
higher chance of developing infections and complications related to liver failure. However, the study 
did not find that PPIs significantly increased the risk of death. The results suggest that doctors should 
be more cautious about prescribing PPIs to cirrhosis patients and should regularly review whether they 
are necessary.

Applying Indigenous identity definitions in official health statistics: a 
case study using linked cancer registry data on gastric cancer
Nicole Satherley, Brandon de Graaf, Gabrielle Davie, Sheree Gibb, Andrea Teng, Andrew Sporle

There are two different officially recognised identity definitions for the Māori population (Māori descent 
and Māori ethnicity). Official health statistics are usually reported by Māori ethnicity but not descent, as 
health statistics collections such as the New Zealand Cancer Registry (NZCR) do not record Māori descent 
information. We created new approaches linking different datasets to add Māori descent information 
to health statistics collections using stomach cancer as an example. These new approaches can be used 
to produce information on other health and social outcomes for the Māori descent population for the 
first time.
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Cancers potentially attributable to excess body weight in 
Aotearoa New Zealand from 2019 to 2023
Michael Walsh, Jennifer Brenton-Peters, Olivia Perelini, Karen Bartholomew

Excess body weight (EBW) is associated with a large number of cancers in Aotearoa New Zealand, 
with 6,962 cases (5.1% of all cancers) between 2019 and 2023, averaging 1,390 per year. The impact 
is not evenly distributed, with Māori and Pacific peoples, particularly Pacific women, experiencing a 
higher burden. Women are also more affected than men, largely due to the strong link between EBW 
and uterine, postmenopausal breast and ovarian cancers. If the prevalence of higher body weight was 
reduced, hundreds of cancer cases could be prevented each year. Tackling this issue requires a balanced 
public health approach that strengthens prevention, improves healthcare access and reduces weight 
stigma, while recognising the wider social and cultural factors that influence body size and health.

Asian health trends in New Zealand from 2002 to 2021, 
and the case for dedicated research funding
Robert Scragg, Zhenqiang Wu, Sally F Wong 

The proportion of the Aotearoa New Zealand population with Asian ancestry is growing, from 17% in 
the 2023 Census to an expected 26% by 2043. We have recently completed a major report on the health 
status of Asian people living in New Zealand since 2002, using data from the New Zealand Health Survey. 
While there have been some improvements, levels of most risk factors—such as fruit and vegetable 
intake, physical activity, alcohol intake and obesity—have worsened or not improved over the last 20 
years, resulting in an elevated risk of diabetes and cardiovascular disease, particularly among South 
Asians, at levels similar to those for Māori and Pacific. After reviewing the funding of Asian health 
research by the Health Research Council of New Zealand since 2010, we found a mismatch between the 
number of funded grants and size of the Asian population in New Zealand (respectively, 2.3% and 17% 
in 2023). The Health Research Council needs to ring-fence funding for Asian researchers so that Asian 
researchers have increased resources to research the major health issues that are adversely affecting 
their communities.

Scurvy in the modern era: a case of vitamin C deficiency 
with unexplained bruising and anaemia
Akram Shmendi

Vitamin C is an essential nutrient that helps keep our body’s cells healthy and protects them from damage. 
It plays a key role in maintaining strong skin, blood vessels, bones and cartilage, and it also helps wounds 
heal properly. A lack of vitamin C can lead to a disease called scurvy, which can cause symptoms like 
easy bruising, bleeding from the gums and other mucous membranes, swollen and inflamed gums and 
slow healing of cuts and wounds. Getting enough vitamin C through food or supplements is important 
for overall health and preventing these problems.
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The common good: reviving our social 
contract to improve healthcare
Philip Bagshaw, John D Potter, Andrew Hornblow, Susan Bagshaw, Christopher 
Frampton, Robert Campbell, Ganesh R Ahirao (aka Ganesh Nana), William J Rosenberg, 
Gilbert O Barbezat, John McCall, Brian Cox, Matthew Roskruge, Frank Kueppers

As a nation, we are becoming increasingly 
polarised into two philosophical groups, 
positions that are well described in a 

recent New Zealand Herald op-ed and an ensuing  
letter to the editor. The first describes how our 
government is simply allowing, even perhaps 
encouraging, privatisation to creep forwards 
through neglect of its philosophical and economic  
responsibilities for hospital healthcare.1 A contrary  
brief response argues that the government is 
doing its best against an ever-growing demand 
for an increasingly expensive service.2 We  
contend that the resurrection of the social contract 
between government and governed is a construc-
tive way to bring these two positions together for 
better national health and wellbeing.

The social contract
The notion of a, sometimes implicit and  

sometimes explicit, social contract between 
groups or between sovereign/government and 
the people, to their mutual advantage, has ancient 
roots.3,4 It rose to prominence in the seventeenth 
century, when it became a pledge from powerful 
monarchs or governments to protect the security  
and property of the governed, in return for  
payment in cash, kind, loyalty and service. It 
became established by habitual use and in statute,  
and developed along two separate philosophical 
lines: i) contractarianism—based on all involved 
parties being motivated to maximise self- 
interest,5 and ii) contractualism—based on morally  
constrained agreements between those who 
regard each other as equals, warranting respect.6 
These two social arrangements have been 
diversely developed to include many types of 
human interactions and transactions. Across 
democratic countries, the choice between them is 
influenced by the prevailing political philosophies 
and economic policies of the participating parties.

In the commercial world, neoliberal philoso-
phies declare “the market knows best”; thus, the 

contractarian line is followed with the intention 
of maximising profits for owners and investors. 
Here, time frames are largely determined by short-
term strategic planning and profit. Conversely, 
in public healthcare, where altruistic service is  
central, and some health-education, prevention 
and early-intervention programmes might take 
years to complete, a contractualist social contract  
is justified,7 and can serve the current conception 
of “the common good”.8

Beginning of the welfare state in 
Aotearoa New Zealand

Until the inception of our universal-access  
secondary health system in 1938, healthcare was 
delivered by private providers and charitable 
institutions. The new system did not cover primary  
healthcare or adequately address inequitable 
health and welfare outcomes for Māori, Pacific 
peoples and all those living in poverty. However, 
clearly the government of the time was attempting  
to constructively address their philosophical 
and economic responsibility for the health and  
wellbeing of the population. For their part in 
the partnership with government, the people 
responded to this responsible contractualist-style 
leadership by strongly backing the Labour  
Government involved and by returning it to office 
at three subsequent elections.9

During the second half of the twentieth cen-
tury, the mix of public and private healthcare here 
(as in the United Kingdom [UK] and Australia)  
could be categorised as a liberal health system, 
where income support and social and health  
services were only partially funded and were 
less comprehensive than some other national 
health systems.10 Contractarian and contractu-
alist philosophies and economics existed side-
by-side in relative harmony, but substantial  
inequities in wealth, healthcare and welfare  
outcomes persisted.
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Subsequent developments
Since 1990, the social pendulum has swung 

towards greater contractarian, individualistic 
immediacy—“it’s all about me; it’s all about now”. 
Successive governments have followed this social 
trend and slowly abrogated their responsibility 
to provide the economic support necessary for 
the maintenance of the common good and an  
effectively functioning public healthcare system.11 
Supporters of such contractarian individualism 
claim that the cost of universal access is prohib-
itively high.2 Large international studies have 
shown, on the contrary, that, in the long-term, 
universal access to healthcare is the cheapest and 
most cost-effective system.12–15 Indeed, investing 
in healthcare resources across 25 European Union 
(EU) countries has been shown to yield substantive  
fiscal multipliers.12 Unfortunately, it appears some 
governments either have not believed in such  
dividends or have erroneously assumed that 
they are not politically attractive because they 
would take too long to mature to address short-
term political agendas.12,13 Creeping privatisation 
in Aotearoa New Zealand is facilitating a decline 
in government responsibility for comprehensive 
secondary healthcare.16

Constructive policy changes can produce 
health-system improvement. One study has shown 
that integrating well accepted and appropriate  
contractualist philosophy and policy can create a 
more just and equitable health service.17 Another 
has suggested how political, philosophical and 
economic considerations can be combined to help 
appropriate healthcare policy making.18 To the 
surprise of many, data from both the United States 
(US) and the EU show that the private healthcare 
sector is not even more efficient than the public  
sector; indeed, the reverse is more generally 
true.19,20 Nonetheless, it is important to acknowledge  
that an articulated philosophy to underpin our 
healthcare system is insufficent without also 
ensuring that this system is built and maintained 
at an appropriate level of technical and managerial  
excellence. The current accelerated trend to 
greater healthcare privatisation will not work 
to our long-term advantage and will ultimately  
benefit only an ever-smaller group of the wealthy 
and powerful, who simply do not care for the 
common good.21,22

The solution
We suggest that a way forward for us is to 

again bring into the centre of our public life a  

positive, widely canvassed, ethically normative 
social contract—tailored to our local needs and 
regularly updated—that establishes:

• the philosophical and economic 
responsibilities of government that have 
been shown to be efficient and cost-effective 
elsewhere.12,13

• a focus on equity of outcomes rather than 
equality of access.

• transparency at all clinical, commercial, 
administrative, managerial and political 
levels, especially ensuring that contractual 
details for public works are not kept secret 
on the grounds of commercial sensitivity.

• short-term political ambitions that are 
attuned to long-term social needs.

• the reciprocal responsibilities required of 
our people, particularly a revival of our 
former egalitarian spirit and, in pursuit 
of the common good, the necessary 
industry to increase mutual trust and to 
make the contract work. These reciprocal 
responsibilities are reflected in Te Ao Māori 
values of manaakitanga, kotahitanga, 
whanaungatanga and kaitiakitanga.

Because twenty-first century governments of 
all persuasions here have often reneged on their 
responsibility for leadership, the force for change 
will necessarily come from our community, our 
people. They can provide strong, resilient and 
well-informed advocacy via standing committees  
of relevant experts and community leaders, includ-
ing all ethnic, cultural and socio-economically  
underprivileged groups.

The key challenge involves deciding as a society  
that we need to re-establish the social contract 
and to fund the duties and responsibilities that 
flow from that. The population being older, the 
non-communicable disease burden being greater 
and inequity being much more marked are reasons  
to respond with a system that aims at universal  
access, not a system that rations on the basis of 
the ability to pay. Just because tax revenue is  
constrained under the current income-tax–based 
system does not mean that there is insufficient 
wealth in the population to support the needs of 
an ageing population. A more progressive income 
tax, a wealth tax, a capital-gains tax or some judi-
cious combination of these can ensure that the 
healthcare system remains viable into the fore-
seeable future. Like the social contract, a more 
equitable taxation system that provides sufficient 
funding for that social contract is a choice.
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Conclusions
Our initial steps in 1938 towards a universal 

open-access health system were world-leading but 
imperfect. Subsequent reform should have been 
focussed on widening the contractualist vision 
and providing the political and economic support 
to achieve universal equitable health outcomes. 
Nearly a century later, we are regressing to an 

increasingly contractarian philosophy. This will 
lead us progressively to a US-style health system 
that is prohibitively expensive, highly inefficient 
and unacceptably inequitable, and from which 
we will be unable to extricate ourselves. Right 
now, we have the opportunity and the capacity to 
revive the social contract. Do we have the courage 
and persistence necessary to do so?
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Health Minister Brown wants to “fix” 
the system—but risks breaking it 
further
Virginia Mills, Lyndon Keene, Harriet Wild

In March, the new Health Minister, Simeon 
Brown, declared in a speech to the BusinessNZ  
health forum that it is “time to fix this  

system,” and announced a raft of measures.1 For 
secondary care this included a continued focus 
on health targets; Te Whatu Ora – Health New  
Zealand allocating NZ$50 million to carry out 
10,579 elective procedures by June 2025 (in-house 
and outsourced); and an expectation that as much 
planned care as possible should be outsourced to 
private hospitals—not as a stop gap, but for the 
long term. 

The health minister’s plan to outsource as 
many elective procedures as possible to the  
private sector in the long term is unlikely to “fix” 
the public system. Rather, it is at serious risk 
of breaking it further, increasing health costs, 
decreasing productivity and further constraining 
the ability to provide patients with the care they 
need. 

The challenges facing the public health system  
have become increasingly clear to the public, 
with frequent media coverage highlighting work-
force shortages, infrastructure deficits, unmet 
need, overwhelmed emergency departments, 
ballooning waiting lists, major restructures and 
high turnover of leadership. Media reported that 
former Health Minister Dr Shane Reti received 
a briefing from Te Whatu Ora – Health New  
Zealand that warned of the rising number and 
complexity of acute public hospital cases “in a 
highly resource-constrained environment” and 
explained “as demand grows for acute and urgent 
care, available capacity for planned [elective] care 
diminishes.”2 Public hospital capacity for the latter 
cannot easily be increased because of workforce 
shortages and hospital wards frequently operating  
at 100% occupation rates.3

The health system requires more than a  
superficial “fill it and fix it” approach. In the short 
term, the minister’s goal of 10,579 additional  
elective procedures by June 2025 is bold, but  
significant constraints stand in the way of  

delivery. This includes severe workforce shortages  
(that impact both public and private sectors),4 
increasing demand for acute care5 and limited 
funding (with the NZ$50 million for electives 
being reallocated from another unknown part 
of the health system). It is also unclear what  
marginal capacity is available in the private 
system to pick up extra elective work, with 
documented difficulties establishing reliable 
information on private sector marginal capacity, 
despite attempts to do so.6

If the minister planned to “fix” the public  
system, such long-term plans involving private 
providers would not be necessary. The minister 
will be aware that the private sector is also going 
through hard times, with recent balance sheet 
losses. It is not that the private sector is losing  
customers. Southern Cross, Aotearoa New Zealand’s  
largest health insurer, for example, is inching 
towards the 1-million-member mark. It is more 
that the increasing costs and volumes of insurance 
claims are rising above revenue from premiums.7–9 
The minister’s announcement will no doubt be a 
relief to the private sector. 

It is problematic when the private system 
becomes essential for filling the growing gaps in 
the public health system. Decades of underinvest-
ment and inadequate planning have brought the 
public system to its knees, with reduced capacity 
to tackle elective waiting lists. Given this tragic 
reality and the urgent need to ensure patients 
receive treatment with as little delay as possible,  
it is necessary to involve the private sector in 
the short term. Taking that beyond a stop-gap  
measure, however, will contribute to the continuing  
demise of the public system. 

Here’s why:
One: Outsourcing public services to private 

providers can lead to “cream-skimming”, where 
private providers choose patients with less severe 
conditions and who are less financially risky,  
leaving the complex and more expensive cases 
with the public system.10 This can result in patients 
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needing more complex and costly treatment  
getting left behind, exacerbating inequitable 
health outcomes. 

Indeed, the NZ$50 million recently reallocated 
by the minister to fund an extra 10,579 procedures 
amounts to less than NZ$5,000 per procedure on 
average, indicating they will be mostly minor 
procedures. 

“Cream-skimming” is already happening in our 
system, with evidence private providers are able 
to choose which patients they will do procedures 
on, with little regard to patient need or the length 
of time patients have been waiting.11 As the bal-
ance tips further towards the public system only 
providing care for the most complex cases (which 
take more time and money), it will also appear 
as though so-called “productivity” in the public  
sector is falling. 

Two: We have a finite pool of doctors. Many 
medical specialists who staff public hospitals also 
work in the private system. Given the entrenched 
workforce shortages both here and internationally,  
outsourcing to the private sector will almost  
certainly mean pulling more specialists away 
from the public system. Association of Salaried 
Medical Specialists (ASMS) analysis shows this 
is already happening, and the key reasons for 
specialists leaving the public system to work in 
private are remuneration, the ability to manage  
one’s own time and workload, and clinical  
satisfaction.12 Losing staff from the public sector 
places additional burden on those left behind, 
as fewer specialists are available to be on-call 
and public capacity to cover acute presentations 
reduces, with negative impacts on patient care. 
Due to “cream-skimming”, the work in public is 
also increasingly complex, and the pull towards 
private where specialists can earn more money, 
take more straightforward cases and not have to 
participate in call rosters will become more and 
more enticing. 

Three: Outsourcing to the private sector  
limits medical trainees’ exposure to a range of 
procedures, since they are mostly trained in  
public hospitals. The more elective procedures go 
to the private sector, the more difficult it becomes 
for resident doctors to successfully meet training 
requirements and the more difficult it becomes 
to develop skilled and experienced medical  
specialists. Loss of senior medical officers to the 
private system will also mean that those who 
remain in public are stretched even thinner, 
impacting their ability to train and mentor junior 
colleagues. 

Four: The private system is not subject to the 
same level of scrutiny and accountability as the 
public system.13 Anyone who has attempted to 
obtain basic data from private providers will know 
this. International evidence suggests that higher 
rates of privatisation and outsourcing correspond 
with poorer health outcomes for patients.14 In 
Aotearoa New Zealand, it is an unknown.

Five: Commercial barriers also mean there is 
scant information about the cost effectiveness of 
the private system compared with public provision.  
This raises a fifth issue: that of cost to the taxpayer. 
One rare study, by the Health Funds Association, 
compared the average cost of five elective surgical 
procedures in the two sectors during 2004/2005. 
It did not account for the likelihood of public  
hospitals undertaking more complex (and there-
fore more costly) procedures. Despite this, of the 
five procedures, all except one was more costly in 
the private sector than in the public sector.15 

Today, media reports suggest the costs of  
outsourcing elective operations are growing,16 
and the Planned Care Taskforce found private 
providers were seeking “significant uplifts to  
historic prices – in some cases … in excess of 20%.”6

Private hospitals also do not carry the same 
overheads as public hospitals. Public hospitals 
maintain essential services such as intensive care 
units and blood banks. When patients treated in 
private facilities need such services, the public 
sector picks up the bill.17 

Six: Private hospitals are not evenly distributed,18  
raising issues of unequal access, especially for 
regional communities and those in poorer areas. 
Private hospitals have little incentive to service 
rural communities where smaller populations 
mean it is difficult to generate profits or break 
even. 

Seven: As more elective treatment is provided 
in the private sector, drawing staff away from 
the public sector, the public capacity to cope with 
the growing and more complex acute hospital 
admissions will deteriorate further. The minister 
appears to have not understood this when he says 
he wants to see more outsourcing of electives, 
thereby “freeing public hospitals for acute needs.”

Genuinely fixing the public health system 
is imperative if we are to ensure Aotearoa New  
Zealand is able to deliver on the universal health 
coverage that was intended in the 1938 Social 
Security Act. This will require real, substantial 
investment well beyond the funding needed to 
simply tread water.
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We need:

• a comprehensive health workforce plan, 
including increasing our domestic supply 
of medical practitioners, and implementing 
extensive recruitment and retention 
strategies across the board.

• strong clinical leadership to turn Te 
Whatu Ora – Health New Zealand into an 
organisation that prioritises patient care and 
excellent clinical outcomes, and in which 
staff are thriving rather than surviving.

• significant investment in hospital 
infrastructure and equipment, to recover 
from decades of deferred maintenance 
and ensure we have facilities fit for future 

generations and the tools for health 
practitioners to provide excellent patient 
care. 

• adequate funding to increase access to 
primary care, so people can receive care 
early in the community and stay well for 
longer. 

Making such investments will require a shift 
in mindset. Rather than seeing health spending 
as a short-term cost, it needs to be understood 
as a long-term investment to support a healthy  
society. How we value health is fundamental to 
the economic success and resilience of Aotearoa 
New Zealand.19 
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The effect of pre-operative 
cardiorespiratory fitness on functional 
and subjective outcomes following 
total hip and knee arthroplasty: a 
single centre, observational study
Brendon H Roxburgh, Holly A Campbell, James D Cotter, Ulla Reymann, Michael JA 
Williams, David P Gwynne-Jones, Kate N Thomas

abstract
aim: The aim of this study was to assess the effect of pre-operative cardiorespiratory fitness (peak VO2) on physical and subjective 
recovery from total hip or knee arthroplasty. A secondary aim was to assess the relationship between daily step count or estimated 
peak VO2 via the Duke Activity Status Index (DASI) questionnaire, on post-operative recovery. 
methods: In this secondary analysis of a prior randomised controlled trial, 51 patients (69 [8] y; 25 female; peak VO2: 20.1 [7.8] mL/
min/kg) scheduled for total hip (n=23) or knee (n=28) arthroplasty underwent pre-operative assessment (cardiopulmonary exercise  
testing, physical function tests [30-second sit to stand, timed up and go, knee range of motion]), accelerometry and subjective  
questionnaire (DASI). Post-operative assessments included length of hospital stay, the Surgical Recovery Scale (SRS) and repeated 
functional assessments. 
results: A low pre-operative peak VO2 (i.e., <15mL/min/kg) was associated with five fewer sit-to-stand reps (95% CI [confidence  
interval]: 3 to 7; p=0.002), 3,500 fewer daily steps (95% CI: 1,053 to 5,867; p=0.006) and poorer subjective surgical recovery at 7-days (-12 
arbitrary units [AU], 95% CI: -3 to -22, p=0.014) and 6-weeks post-operative (-13 AU, 95% CI: -5 to -21; p=0.003). Estimated pre-operative  
peak VO2 using the DASI questionnaire was moderately correlated with post-operative daily step count (r=0.51, p <0.001); post-operative  
daily step count increased by 500 steps for every 1mL/min/kg increase in estimated peak VO2. 
conclusion: Pre-operative peak VO2 was associated with physical and subjective recovery following total hip or knee arthroplasty. Daily 
step count and estimated peak VO2 via the DASI questionnaire had similar moderate associations with post-operative functional outcomes 
as directly measured pre-operative peak VO2 and may be acceptable alternatives to predict recovery following hip or knee arthroplasty.

Arthroplasty is an effective intervention for 
treating end-stage osteoarthritis. Despite 
being a common and relatively safe proce-

dure, there is a wide range of physical function 
and patient-reported outcomes following arthro-
plasty.1,2 Low cardiorespiratory fitness, specifically  
a low peak oxygen consumption (VO2; i.e., <15mL/
min/kg), and/or low anaerobic threshold (<11mL/
min/kg) are associated with poorer outcomes  
and recovery following non-cardiac surgery;3 
however, no data are available on the clinical  
significance of these metrics in patients scheduled 
for total joint arthroplasty. As cardiorespiratory 
fitness provides a systemic and highly integrative 
assessment of physical function and capacity,4 
these pre-operative variables are likely associated  
with a patient’s recovery following total joint 
arthroplasty (e.g., ability to tolerate surgical 

stress, early ambulation), as for other surgeries.5

Cardiopulmonary exercise testing (CPET) is 
the gold standard for assessing pre-operative  
cardiorespiratory fitness.5 Despite its utility as 
an objective pre-operative risk stratification tool, 
CPET is not universally available, as it is resource 
intensive (e.g., time, expensive equipment,  
specialised staff, etc.). Furthermore, clinical  
contraindications may preclude some patients 
performing the test.6 While assessing the utility 
of CPET in patients scheduled for arthroplasty, it 
would, therefore, also be pertinent to know how 
other forms of assessment compare as a feasible  
alternative when CPET is not available or  
appropriate. For example, objectively measured 
pre-operative physical activity (e.g., accelerometer  
or pedometer) is an easily implemented tool that 
is associated with post-operative complications 
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in gastrointestinal surgery patients.7–9 Although 
physical activity is correlated with peak VO2, it may 
represent an index of fitness independent of peak 
VO2; that is, daily physical activity has minimal 
effect on increasing peak VO2, but has numerous 
physiological (e.g., breaking sedentary behaviour, 
maintaining glucoregulation, neuromuscular  
function) and psychological benefits for the  
surgical patient.4 Even simpler to use, the Duke 
Activity Status Index (DASI) questionnaire  
provides an estimated peak VO2 using a person’s 
perceived ability to perform activities of daily  
living and has been shown to correlate with 
directly measured peak VO2 (via CPET) in older 
adults presenting for major non-cardiac surgery.10  
While these associations show promise in older 
adults and some peri-operative settings, it  
remains unclear how well these measures predict 
recovery from total joint arthroplasty.

Therefore, the aims of this study were to  
assess: 1) the effect of pre-operative peak VO2 on 
functional and subjective recovery at 6-weeks 
post-operative, and 2) the relationship between 
other pre-operative assessments, and functional 
and subjective recovery following total hip or 
knee arthroplasty.

Materials and methods
Ethics

Ethical approval for this study was obtained 
from the Health and Disability Ethics Committee  

(18/NTA/148), and the study conformed to the  
standards set by the Declaration of Helsinki. 
The trial was registered with the Australian  
New Zealand Clinical Trials Registry (ACTRN 
12618001358235). Written, informed consent was 
obtained for all participants.

Study design
Participants who completed a prior randomised  

control trial11 were invited to participate in this 
study comparing pre-operative measures of  
cardiorespiratory fitness and physical and  
subjective health on functional and subjective 
recovery from total hip or knee arthroplasty 
(referred to as hip arthroplasty or knee arthro-
plasty hereafter). This study uses a subset of 
data from the previous trial, as the COVID-19 
pandemic altered the original intervention time-
line. Specifically, participants who completed the 
12-week prehabilitation intervention but had 
not yet scheduled surgery were invited for a pre- 
operative assessment within a week of their  
surgical procedure, with post-operative follow-up. 
Data collection took place from September 2019  
to July 2021. 

Participants completed a pre-operative assess-
ment (see below for details; Figure 1) within 1 
week before undergoing hip or knee arthroplasty. 
Post-operatively, each participant completed 
the Surgical Recovery Scale (SRS) on day 7.12 At 
6-weeks post-operative, participants repeated the 
assessment session.

Figure 1: Schematic representation of assessment schedule. 

CPET = cardiopulmonary exercise test.
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Study participants
Patients from Dunedin Public Hospital’s Ortho-

paedic department waiting list for hip or knee 
arthroplasty, who were able to travel to the testing 
location within 1 week of surgery, were invited to 
participate in this study. 

Participants were excluded if they met any 
of the following criteria: surgery scheduled 
and insufficient time to perform assessment; a  
contraindication to non-physician supervised 
maximal exercise testing;13 stable or unstable 
angina; myocardial infarction within the last 3 
months; an implantable cardioverter defibrillator  
and/or pacemaker; revision arthroplasty; staged 
bilateral total joint replacement; pathology  
limiting upper-limb exercise (i.e., shoulder-joint 
osteoarthritis); and any other medical condition 
deemed by the study anaesthetist or cardiologist 
to be a significant risk to study participation.

Experimental procedures
Pre-operative assessment

CPET was performed to measure cardiorespi-
ratory fitness (i.e., peak VO2, anaerobic threshold) 
using a previously reported protocol;14 in brief, 
the cross trainer was the preferred CPET modality,  
but arm ergometry was used when this was 
not feasible (e.g., severe joint pain, joint motion  
limitations, etc.). A 3–5-minute warm-up was  
performed, then intensity was increased by 10–20 
watts per minute (dependent on participant  
tolerability and ergometer type) until volitional 
fatigue. Calibration of gas and flow (Quark 
CPET; COSMED, Rome, Italy) was conducted per  
manufacturer instructions before each test. All 
CPETs were supervised by a registered clinical  
exercise physiologist (BR). Anthropometric 
measures of height (stadiometer, Wedderburn 
WS-HRP, Auckland, New Zealand), body mass 
(scales, Seca, Hamburg, Germany) and body mass 
index (BMI; mass [kg]/height2 [m]) were collected. 
Physical function was assessed via the 30-second  
sit to stand test, timed up and go test and knee 
joint range of motion, following established  
procedures.15,16 Subjective measures were 
assessed using validated questionnaires, including  
perceived quality of life (12-Item Short Form 
Survey17 [SF-12] and EuroQual-5D18 [EQ-5D]), 
functional capacity (DASI19) and impact of  
osteoarthritis (Western Ontario and McMaster 
Universities Osteoarthritis Index20 [WOMAC]). 
Physical activity was assessed using accelerometry  
(activPAL3c, Glasgow, Scotland) in the 7 days  
preceding surgery.

Post-operative measurements
Seven-days post-operative

Length of stay data were acquired from  
hospital notes and discharge letters. Participants  
completed the SRS questionnaire at 7-days post- 
operative.12 Participants were asked to complete  
the questionnaire alone and in a quiet area with 
no distractions. 

Six-weeks post-operative
Participants repeated the pre-operative assess-

ments (except CPET) and the SRS. All assessments 
were conducted by the same researcher (BR) 
at Dunedin Hospital and the School of Physical  
Education, Sport and Exercise Sciences, University  
of Otago, Dunedin, New Zealand.

Standardisation
To ensure test repeatability, participants were 

asked to comply with recommendations outlined 
previously;11,14 in brief, this included abstaining 
from cigarette smoking 4 hours prior, caffein-
ated and alcoholic beverages 12 hours prior and  
moderate- or high-intensity physical activity 24 
hours prior to each CPET. The peri-operative 
team (surgeon, anaesthetist, surgical nurse and  
administrative team) were not aware participants  
were being followed up post-operatively, and 
study participation did not impact inpatient or 
outpatient care. Following arthroplasty, all partic-
ipants were offered standard care rehabilitation  
as typically provided by the hospital. Initially, 
rehabilitation entailed 2–5 days of inpatient 
physiotherapy consisting of weight bearing, joint 
mobilisation, lower-limb flexibility exercises and  
stair climbing/descending exercise. Upon discharge  
from hospital, participants were provided (by the 
hospital) a generic home exercise programme. 
The exercise programme primarily consisted 
of joint range of motion and strengthening  
exercises. Participants were advised by hospital 
staff to perform the exercises daily. 

Data analysis
CPET data were analysed independently by two 

researchers (BR & HC), and peak VO2, anaerobic 
threshold and oxygen uptake efficiency slope were 
determined using previously reported methods.14 
Accelerometry data were analysed using manufac-
turer software (PALbatch v8.10, PAL Technologies,  
Glasgow, Scotland) and data from only “valid 
wear days” were included in analysis—an entire 
24-hour period with 0 minutes of “non-wear time” 
was considered valid. 
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Statistical analysis
Given the relatively small sample, observational 

nature, absence of prospective power and large 
number of simultaneous statistical comparisons,  
all statistical analyses were exploratory and 
should be interpreted with caution. Descriptive  
data are expressed as mean (standard deviation)  
or number (proportion). To assess the effect of 
peak VO2 and the anaerobic threshold on post- 
operative outcomes, participants were stratified  
based on previously defined thresholds in non- 
cardiac surgery (i.e., peak VO2: 15mL/min/kg; 
anaerobic threshold: 11mL/min/kg;3 no previously  
defined thresholds available for total joint arthro-
plasty patients). Grouped means were then  
compared via a repeated-measures Analysis of  
Variance (ANOVA), with pre-operative osteoarthritis  
impact as a covariate, or an Independent Samples  
t-test, as appropriate. For the ANOVA, the main 
effects of Group (low vs high fitness), Time (pre- 
operative vs post-operative) and the Interaction  
(Group×Time) were assessed to determine 
whether the change from pre-operative to 
post-operative differed by fitness group. Post-hoc  
testing using Tukey’s test was performed if  
statistical significance was observed (i.e., p <0.05). 
Categorical data were analysed using the Chi-
squared test. Simple linear regression and Pearson’s  
correlation coefficients were used to analyse the 
relationship between pre-operative variables and 

post-operative functional and subjective measures.  
To aid in the interpretation of the correlation 
coefficients, 0.9–1.0 was considered a very high 
correlation, 0.7–0.9 high correlation, 0.5–0.7  
moderate correlation, 0.3–0.5 low correlation and 
0.0–0.3 negligible correlation.21 Multiple linear 
regression was performed to assess pre-operative  
peak VO2 for predicting functional (daily step 
count, timed up and go test) and subjective (SRS 
and WOMAC score) recovery at 6-weeks post- 
operative. Pre-operative peak VO2 was modelled 
with sex, BMI and age; these were selected due to 
their potential relationship with post-operative  
recovery while attempting to avoid multicollinearity  
with other measures. Complete-case analysis was 
used, excluding participants with missing data 
on any variable required for a specific analysis.  
Statistical analysis was performed using R (version  
4.1.1, R Development Core Team) and graphed 
using Prism (v8.0, GraphPad, San Diego, USA).

Results
Participant characteristics

Fifty-one participants completed pre-operative  
and post-operative assessments and were 
included in this analysis (Figure 2). All participants  
survived the surgery, and 6-week recovery period 
and descriptive characteristics are listed in Table 
1. Participants scheduled for knee arthroplasty 

Figure 2: Study flow diagram.

CPET = cardiopulmonary exercise test.
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Table 1: Descriptive statistics and length of hospital stay for all participants, low fit participants and high fit  
participants.

Variable—Mean (SD) Overall (n=51) Low fit (n=14) High fit (n=37)

Age (y) 69 (8) 73 (7) 67 (8)

Height (cm) 168 (8) 164 (6) 169 (8)

BMI (kg.m-2) 30.9 (5.7) 33.3 (4.9) 30.0 (5.8)

Cardiopulmonary exercise test

Relative peak VO2 (mL/min/kg) 20.1 (7.8) 12.4 (1.8) 23.0 (7.2)

Absolute peak VO2 (mL.min-1) 1,713 (684) 1,100 (225) 1,944 (656)

Anaerobic threshold (mL/min/kg) 13.0 (5.3) 7.6 (1.3) 15.0 (4.8)

Oxygen uptake efficiency slope 1,892 (740) 1,339 (355) 2,101 (743)

Variable—N (%)

Male/female 26/25 (51/49) 4/10 (29/71) 22/15 (54/46)

Hip/knee arthroplasty 23/28 (43/55) 8/6 (57/43) 15/22 (41/59)

Ethnicity 

NZ European/European 50 (98) 14 (100) 36 (96)

Cook Islands Māori 1 (1) 0 1 (4)

Comorbidity

Asthma/COPD 6 (12) 1 (7) 5 (14)

Chronic kidney disease 2 (4) 2 (14) 0

CVD

Previous myocardial infarct 6 (12) 2 (14) 4 (11)

Atrial arrythmia 2 (4) 1 (7) 1 (3)

Previous stroke 2 (4) 0 2 (5)

Dyslipidaemia 21 (41) 6 (43) 15 (41)

Hypertension 30 (59) 11 (79) 19 (51)

Obesity 25 (49) 11 (79) 14 (38)

Diabetes mellitus/pre-diabetes 9 (18) 3 (21) 6 (16)

SD = standard deviation; BMI = body mass index; COPD = chronic obstructive pulmonary disease; CVD = cardiovascular disease; 
Hip = Hip arthroplasty participants; Knee = Knee arthroplasty participants; peak VO2 = peak oxygen consumption.
Data are mean (SD) or as an absolute number with the percentage (%) of the whole. High fit = peak VO2 >15mL/min/kg; Low fit = 
peak VO2 <15mL/min/kg.
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had a higher BMI and on average were Class 1 
obese.22 There were no differences in any CPET 
variables between hip and knee arthroplasty 
participants, except the oxygen uptake efficiency  
slope was lower (-418 AU, 95% CI: -823 to -12, 
p=0.044) in participants scheduled for hip 
arthroplasty. 

Association between pre-operative peak 
VO2 and post-operative functional and 
subjective recovery
Low fit vs high fit participants

Participants were categorised into high fit or 
low fit based on their peak VO2 (i.e., >15 or <15mL/
min/kg respectively). At 6-weeks post-operative, 
participants with a pre-operative high fit score 
performed five more sit to stand repetitions (95% 
CI: 3 to 7, p=0.002) and performed an additional 
3,460 steps/day (95% CI: 1,053 to 5,867, p=0.006) 
compared to low fit participants (Table 2). Low 
fit participants decreased their timed up and go 
test duration to a greater extent but remained 
2.2 seconds slower (95% CI: 0.9 to 3.5, p=0.002) at 
6-weeks post-operative. Estimated peak oxygen 
consumption was higher (via the DASI; +4.3mL/
min/kg, 95% CI: 1.0 to 7.7, p=0.011), and impact 
of osteoarthritis (WOMAC; -8.5 AU [95% CI: 0.7 
to 16.6, p=0.034]) was less for the high fit group 
at 6-weeks post-operative compared to the low 
fit group. High fit participants had a better early 
(i.e., 7-day post-operative; +12 AU, 95% CI: 3 to 22, 
p=0.014) and later (i.e., 6-weeks post-operative;  
+13 AU, 95% CI: 5 to 21, p=0.003) subjective recovery  
from surgery. Length of hospital stay was not  
statistically different between groups (0.8 days, 
95% CI: -0.4 to 1.9, p=0.176). Analyses using  
alternate stratification thresholds for peak VO2 

(i.e., low fit ≤14.2mL/min/kg; high fit ≥18.2mL/
min/kg),23 and using the anaerobic threshold (i.e., 
> or <11 mL/min/kg) did not appreciably alter the 
statistical significance of these results (Appendix 
Tables 1 and 2).

Correlational and simple and multiple 
linear regression analysis 

Pre-operative peak VO2 was moderately  
correlated with post-operative daily step count 
(r=0.65, p <0.001) and timed up and go test time 
(r=-0.56, p <0.001). In regression analysis, for every 
1.0mL/min/kg increase in pre-operative peak VO2, 
the number of daily steps at 6-weeks post-operative  
increased by 361 (95% CI: 234 to 488; Table 3); 
this was slightly lower (209 steps; 95% CI: 32 to 

386) in the multiple regression model (Table 3,  
Appendix Tables 3 and 4). Hip arthroplasty partic-
ipants had a high correlation with pre-operative  
peak VO2 and post-operative daily step count 
(r=0.73, p <0.001), and participants completed 
490 (95% CI: 285 to 695) additional steps per day 
for each 1.0mL/min/kg increase in pre-operative  
fitness (p <0.001; Appendix Tables 5 and 6). 

Pre-operative peak VO2 was also a significant 
predictor of subjective recovery (Table 3; Appendix  
Tables 7 and 8). For every 1.0mL/min/kg higher 
pre-operative peak VO2, surgical recovery scale 
score at 7-days and 6-weeks post-operative was 
0.8 (95% CI: 0.2 to 1.4) and 0.7 (95% CI: 0.3 to 1.1) 
higher, and this was not statistically different for 
6-week post-operative score when controlling for 
age, sex and BMI. Pre-operative peak VO2 was not 
associated with length of hospital stay (p=0.204; 
Table 3) for either arthroplasty type (p ≥0.350; 
Appendix Tables 5 and 6).

Non-CPET measures for estimating post-
arthroplasty recovery

Participants in the high fit group as estimated 
by the DASI (estimated peak VO2 >15mL/min/kg) 
post-operatively performed five more sit to stand 
repetitions (95% CI: 3 to 7, p <0.001) and per-
formed an additional 2,026 steps/day (95% CI: 558 
to 3,492, p=0.007) compared to low fit participants 
(i.e., <15mL/min/kg; Table 4). High fit participants 
had a better early (i.e., 7-days post-operative; 
+11 AU, 95% CI: 1 to 20, p=0.027) and later (i.e., 
6-weeks post-operative; +11 AU, 95% CI: 3 to 
19, p=0.007) subjective recovery from surgery.  
Estimated pre-operative peak VO2 using the DASI 
was moderately correlated with post-operative 
functional recovery (r=0.51, p <0.001; Appendix  
Table 9). For every 1mL/min/kg increase in  
estimated pre-operative peak VO2, participants 
performed 497 (95% CI: 250 to 744) more steps per 
day, were 0.3 seconds quicker on the timed up and 
go test (95% CI: -0.5 to -0.1) and scored 1.1 (95% 
CI: 0.1 to 2.1) points higher on the SRS at 6-weeks 
post-operative. Estimated pre-operative peak VO2 
was not associated with length of hospital stay 
(+0.3 days, 95% CI: -0.7 to 1.4, p=0.511).

Pre-operative daily step count was highly  
correlated with post-operative step count (r=0.83, 
p <0.001; Appendix Table 10). Low corelations 
were observed for pre-operative daily step count 
with other indices of functional and subjective 
recovery (r ≤0.43, p ≤0.036).
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Table 2: Six-weeks post-operative functional and subjective measures in low and high fit participants. 

Variable Low fit (n=14) High fit (n=37) Group Time
Group×Time 
Interaction

Pre-operative Post-operative Pre-operative Post-operative

Functional

Sit to stand (reps) 6 (5) 7 (4) 12 (5) 12 (5) <0.001 0.894 0.301

Timed up and go (s) 14.5 (5.1) 10.3 (2.6) 10.3 (2.7) 8.1 (1.7) <0.001 <0.001 0.004

Daily steps (n) 3,641 (1,748) 3,908 (1,569) 6,738 (3,186) 7,368 (4,335) 0.002 0.226 0.622

Knee ROM TJA side (°) 109 (19) 110 (12) 116 (16) 114 (16) 0.378 0.831 0.322

Knee ROM non-TJA side (°) 122 (17) 123 (12) 125 (11) 125 (11) 0.530 0.606 0.897

Subjective

WOMAC 73 (13) 27 (16) 54 (17) 18 (11) 0.003 <0.001 0.052

DASI—estimated peak VO2 (mL/
min/kg)

13.9 (2.6) 18.4 (4.0) 18.1 (4.7) 22.4 (5.5) 0.002 <0.001 0.969

SRS—7-days post-operative - 47 (18) - 59 (13) 0.014 -

SRS—6-weeks post-operative - 66 (14) - 76 (13) 0.003 -

Other

Length of hospital stay (days) - 4.4 (2.7) - 3.7 (1.2) 0.176 -

CPET = cardiopulmonary exercise test; DASI = Duke Activity Status Index (0 worst–58 best); peak VO2 = peak oxygen consumption; ROM = range of motion; SRS = Surgical Recovery Scale—higher score is 
best; TJA = total joint arthroplasty; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index (best 0–94 worst). 
Variables are presented as mean (SD) and analysed with a repeated-measures ANOVA test or Independent Samples t-test. High fit = peak VO2 >15mL/min/kg; Low fit = peak VO2 <15mL/min/kg.
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Discussion
Participants who had a low pre-operative peak 

VO2 (i.e., <15mL/min/kg) on average performed 
~50% (5) fewer sit to stand reps, approximately 
60% (3,500) fewer daily steps and took ~2 seconds  
longer to perform the timed up and go test at 
6-weeks post-operative; they also had poorer  
subjective surgical recovery at 7-days and 6-weeks 
post-operative. Pre-operative peak VO2 had the 
highest correlation with functional and subjective  
recovery at 6-weeks post-operative. Pre-operative  
daily step count was highly correlated with 
post-operative step count; that is, participants 
who were more active pre-operatively were more 
likely to be active 6-weeks post-operative. Lastly, 
estimated pre-operative peak VO2 using the DASI 
was moderately correlated with post-operative 
functional recovery. 

These results reinforce previous work high-
lighting the clinical importance of pre-operative 
fitness in patients undergoing non-cardiac surgery  
and underscore the importance of pre-operative  
fitness as a prognostic surgical indicator for 
patients scheduled for hip or knee arthroplasty. 
Additionally, estimated pre-operative fitness (via 

the DASI or daily step count) may be as effective 
for predicting recovery from arthroplasty as the 
gold standard CPET. 

What is the effect of pre-operative 
peak VO2 on functional and subjective 
recovery following hip or knee 
arthroplasty?

In this study a low pre-operative peak VO2 
was associated with poorer functional and  
subjective recovery from arthroplasty at 6-weeks 
post-operative. Early and longer-term perceived 
recovery from surgery was poorer in low fit  
participants, and despite the surgery, the impact 
of osteoarthritis remained significantly worse in 
these participants at 6-weeks post-operative. The 
rate of functional and subjective recovery was 
similar for both groups; however, low fit partic-
ipants had worse pre-operative scores, resulting 
in worse 6-week post-operative values. Although 
the timed up and go test was an exception and 
improved more than high fit participants, the  
difference between groups was still up to twice 
the minimal clinically important difference (i.e., 
~1.2 seconds).24,25 Of all post-operative outcomes, 
daily step count at 6-weeks had the highest  
correlation with pre-operative peak VO2 (r=0.65, 

Table 3: Simple linear regression analysis of pre-operative peak VO2 with 6-weeks post-operative assessments (n=51 
for all).

Outcome Slope (95% CI) R2 P-value

Functional

Daily step count 361 (234 to 488) 0.42 <0.001

Timed up and go test -0.2 (-0.4 to 0.1) 0.31 <0.001

Subjective

WOMAC -0.5 (-0.9 to 0.1) 0.08 0.049

SRS—7-days post-operative 0.8 (0.2 to 1.4) 0.13 0.018

SRS—6-weeks post-operative 0.7 (0.3 to 1.1) 0.13 0.009

Other

Length of hospital stay 0 (0 to 0) 0.03 0.204

CI = confidence interval; DASI = Duke Activity Status Index; peak VO2 = peak oxygen consumption; SRS = Surgical Recovery Scale; 
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
Pre-operative peak VO2 was used as the predictor.
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Table 4: Six-weeks post-operative functional and subjective measures in DASI estimated low fit (<15mL/min/kg) and high fit (>15mL/min/kg) participants. 

Variable Low fit (n=18) High fit (n=33) Group Time
Group×Time 
Interaction

Pre-operative Post-operative Pre-operative Post-operative

Functional

Sit to stand (reps) 7 (5) 7 (5) 13 (5) 12 (4) <0.001 0.856 0.509

Timed up and go (s) 13.1 (4.5) 10.2 (2.4) 9.0 (3.4) 7.9 (1.7) <0.001 <0.001 0.050

Daily steps (n) 4,592 (2,582) 5,071 (3,141) 6,581 (3,279) 7,132 (4,376) 0.048 0.141 0.917

Knee ROM TJA side (°) 114 (13) 111 (13) 114 (19) 114 (15) 0.929 0.598 0.574

Knee ROM non-TJA side (°) 121 (13) 123 (9) 125 (13) 126 (13) 0.390 0.477 0.532

Subjective

WOMAC 72 (10) 27 (13) 52 (17) 17 (11) <0.001 <0.001 0.060

DASI—estimated peak VO2 (mL/
min/kg)

13.0 (1.2) 20.3 (6.8) 19.4 (3.3) 21.7 (4.8) <0.001 <0.001 0.003

SRS—7-days post-operative - 49 (15) - 60 (14) 0.027 -

SRS—6-weeks post-operative - 66 (16) - 77 (13) 0.007 -

Other

Length of hospital stay (days) - 4.1 (2.1) - 3.7 (1.4) 0.511 -

DASI = Duke Activity Status Index (0 worst–58 best); peak VO2 = peak oxygen consumption; ROM = range of motion; SRS = Surgical Recovery Scale—higher score is best; TJA = total joint arthroplasty; 
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index (best 0–94 worst).
Variables are presented as mean (SD) and analysed with a repeated measures ANOVA test or Independent Samples t-test.
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p <0.001), and pre-operative peak VO2 was still  
predictive when controlling for age, sex and BMI; 
this correlation was slightly higher in hip arthro-
plasty participants compared to knee arthroplasty  
participants (r=0.73 vs 0.59). Pre-operative measures  
of peak VO2 had a low–moderate correlation with 
other measures of physical function at 6-weeks 
post-operative (e.g., timed up and go test, 30- 
second sit to stand test). 

As this is the first study to compare pre- 
operative peak VO2 and post-arthroplasty recovery,  
no comparative evidence is available. However, 
theoretical models propose that those with higher 
pre-operative peak VO2 retain a higher level 
of functional capacity following surgery,4 and  
therefore should be able to ambulate and return to 
normal activities of daily living earlier, contributing  
to improved functional and subjective outcomes 
(e.g., quality of life, satisfaction). The findings of the 
current study support this hypothesis, with higher 
fit patients having a quicker perceived surgical 
recovery at 7-days and 6-weeks post-operative  
and greater physical function and physical activity  
at 6-weeks post-operative.

Pre-operative peak VO2 was not associated 
with length of hospital stay for either hip or knee 
arthroplasty participants. Previous studies have 
reported clinician rated functional capacity (i.e., 
American Society of Anaesthesiologists [ASA],  
particularly those III/IV) to be associated with 
longer hospital stay.26 Pre-operative peak VO2 
is considered a more discriminate measure of 
functional capacity; the lack of association in the 
present study may be attributable to insufficient 
statistical power.

When compared to other indices of cardiore-
spiratory fitness (e.g., anaerobic threshold), peak 
VO2 had higher correlations with functional and 
subjective recovery. When using a binary cut-off 
for anaerobic threshold, the relationships with 
post-operative recovery were similar to those for 
peak VO2. This is reassuring, as maximal effort is 
not always possible in patients with osteoarthritis;  
often the test is terminated prematurely due to 
the lower-limb limitations. Therefore, in practice, 
when a representative peak VO2 is unable to be 
obtained during pre-operative CPET, determining 
an anaerobic threshold from sub-maximal exercise  
appears to have a similar ability to predict how well 
a patient functionally recovers post-operatively.  
An individual with either a peak VO2 <15mL.kg-1.

min-1 or anaerobic threshold <11mL.kg-1.min-1 may 
require more attention pre-operatively to improve 
cardiorespiratory fitness, or greater care post- 

operatively, to increase the likelihood of greater 
physical function after hip or knee arthroplasty. 

Are non-CPET pre-operative assessments 
associated with functional and 
subjective recovery following hip or knee 
arthroplasty?

The DASI questionnaire has utility as an alterna-
tive to pre-operative CPET for risk stratification.10 
The results from the present study show it may 
be as effective for stratifying patients as low or 
high fit and predicting post-operative functional  
recovery following arthroplasty as CPET. However,  
there was still a large amount of variability 
explained by other factors, and similar to CPET it 
had only low correlations with subjective recovery  
(i.e., r ≤0.35). Wijeysundera et al.10 showed the 
predictive capacity of the DASI for post-operative  
complication to be as good as CPET and significantly  
better than a clinician’s subjective assessment of 
risk. Although cardiopulmonary exercise testing 
can provide additional insight on how patients 
respond physiologically to stress,4 an advantage of 
the DASI is that being questionnaire-based, it can 
be performed anywhere and does not require the 
patient to be in the presence of a clinician or other 
healthcare worker. This has utility in any setting 
where the public hospital serves a large geograph-
ical area, with many pre-operative assessments 
conducted via telemedicine. Furthermore, it may 
be useful for triaging patients for pre-operative 
CPET if resources are scarce, and for identifying 
high priority patients for prehabilitation. Future 
adequately powered studies should compare  
estimated peak VO2 via the DASI questionnaire 
with CPET-measured peak VO2 to confirm these 
findings and its utility for detecting surgical 
complications.

We reported that low fit participants had a larger 
improvement in estimated peak VO2 from pre- 
operative to 6-week post-operative assessments  
than high fit participants (Table 4). A limitation of 
the DASI is that it has poor ability to detect change in 
peak VO2 across time.11 Although we did not directly 
measure peak VO2 at 6-weeks post-operative,  
it is likely the reported improvement in estimated 
peak VO2 is due to improved function from the 
surgery and ability to tick “yes” to more questions, 
rather than an improvement in fitness per se. 

The strongest correlation with physical activity at 
6-weeks post-operative was pre-operative physical  
activity. This is likely attributable in part to multi-
collinearity; nevertheless, a higher pre-operative 
step count was associated with a higher step count 
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6-weeks post-operatively (r=0.83, p=<0.001), and 
this is an important and valid measure of func-
tionality. Consistent with previous research,27–30 
the present study highlighted that despite the sur-
gical procedure, there was no difference between 
pre-operative physical activity and physical activity  
at 6-weeks post-operative. Essentially, those most 
active before surgery are also most active after 
surgery, and one could argue that their severe 
osteoarthritis diagnosis was not the limiting factor  
to physical activity. This relationship persists at  
6-months,27,28 9-months29 and 1-year post-opera-
tive28,30 in hip and knee arthroplasty recipients.

Despite the high correlation between pre- 
operative and post-operative daily step count in 
the present study, previous research has shown 
limited association with pre-operative daily step 
count and other functional post-arthroplasty  
outcomes.31–33 In particular, there appears to be no 
clear relationship with time to return to work or 
subjective recovery,31,32 but increased pre-operative  
physical activity may be associated with less 
post-operative pain.33 Research in other surgery 
types has shown a relationship between pre- 
operative physical activity and outcomes following  
surgery. Richards et al.7 reported that in patients 
aged 65 years and older undergoing major abdom-
inal surgery, those with a median step count 
<2,500 steps/day had a more than two-fold greater 
length of hospital stay (14 days vs 6 days, p <0.001) 
compared to those with a normal step count. Low 
step count also increased the risk of intensive care 
unit admission and post-operative complications. 

Limitations
The findings of this study must be considered in 

the context of several limitations. A convenience  
sample was used for this study and the sample  
size was relatively small; not all participants 
recruited into the original RCT could be included, 
largely due to loss to follow-up related to COVID-
19 (e.g., lockdowns, extended surgical waitlisting).  
Despite this, post hoc between-group power for 
the main physical and subjective variables was 
high, ranging from 0.86–0.99. Approximately 
10% of patients were excluded from the original 
study due to medical contraindications to CPET. 
Therefore, the findings of this study may not be 
as relevant for high-risk patients. Six-weeks post- 
operative is still relatively early in the recovery  

period, particularly for knee arthroplasty. It 
remains unclear whether the differences between 
low fit and high fit participants persist later in 
recovery; nevertheless, fitness appears to be  
associated with superior early post-operative func-
tional and subjective recovery. All participants 
were provided in-hospital rehabilitation and  
standardised advice to continue their rehabili-
tation at home. Participation in rehabilitation is 
influential in the recovery from surgery, and as 
rehabilitation compliance was not assessed in this 
study, this must be considered when interpreting 
the study findings.34 CPETs were performed on two 
different modalities, and based on previous work 
this will have influenced some CPET variables.14 It 
is possible that the presence of comorbidities (i.e., 
higher rates of obesity, hypertension and chronic 
kidney disease) or the severity of osteoarthritis  
contributed to lower fitness and/or the poor 
post-operative recovery. However, controlling for 
WOMAC score and BMI in the statistical analysis  
will have limited confounding or bias. Moreover, the 
presence of good fitness can offset the deleterious  
effects of comorbidities,35 underscoring the 
importance of prehabilitation to minimise the 
potential impact of pre-operative comorbidities. 
The potential for overfitting and multicollinearity 
in regression modelling is acknowledged, particu-
larly the high correlation between pre-operative 
and post-operative daily step count. 

Conclusions
These findings suggest that participants with 

low pre-operative fitness have poorer functional 
and perceived outcomes following hip or knee 
arthroplasty. Directly measured pre-operative 
peak VO2 had similar associations with post- 
operative functional outcomes as pre-operative  
daily step count and estimated peak VO2 via the 
DASI questionnaire; these have potential as a 
post-arthroplasty quality of recovery prediction  
tool when pre-operative CPET is not indicated or 
available. Pre-operative fitness, either measured 
or estimated, and daily step count are useful  
clinical tools for predicting functional and  
subjective recovery following hip or knee arthro-
plasty. Future work should investigate whether  
pre-operative optimisation of these predictors 
translates to improved post-operative functional 
and subjective recovery, and clinical outcomes.
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Appendix: Supplementary results
Six-week post-operative physical 
function

Daily step count was not different before and 
6-weeks after surgery (p=0.468; Appendix Table 
11). Post-operatively, participants spent approxi-
mately 10 hours per day in sitting activities. This 
included more than 6 hours per day in seated 
bouts greater than 30 minutes and almost 4 hours 
per day in seated bouts greater than 60 minutes, 
with no obvious between-group differences.  
Timed up and go time improved by 16% (~2  
seconds decrease; p=0.015; Appendix Table 
12); this decrease was a 25% improvement for 
hip arthroplasty participants (p=0.047). On the  

arthroplasty side, knee extensor strength 
increased by 12% from pre-operative to 6-weeks 
post-operative (p=0.030; Appendix Table 13). 

Six-week post-operative perceived 
subjective health and surgical recovery

The subjective impact of osteoarthritis 
improved overall (p <0.001), with the largest 
improvements in hip arthroplasty participants 
(p <0.001; Appendix Table 14). Perceived quality 
of life (EQ-5D) improved overall (p ≤0.007), but 
the improvement was larger in hip arthroplasty 
participants (p=0.001). SRS score increased across 
time (p <0.001) and similarly for hip and knee 
arthroplasty participants (p=0.206).

Appendix Table 1: Six-week post-operative functional, subjective and other measures in low fit (CPET derived 
pre-operative peak VO2 <14.2mL.min-1.kg-1) and high fit (>18.2mL.min-1.kg-1) participants. Data are presented as  
mean (SD) and analysed with an ANCOVA test (covariates—age and pre-operative WOMAC). 

Variable
Low fit (n=11)

<14.2mL.min-1.kg-1

High fit (n=25)

>18.2mL.min-1.kg-1

Statistical 
significance

Functional

Sit to stand (reps) 7 (4) 12 (4) <0.001

Timed up and go (s) 10.4 (2.8) 7.7 (1.7) <0.001

Daily steps (n)‡ 3,780 (1,555) 7,997 (4,531) 0.003

Knee ROM TJA side (°) 109 (12) 113 (18) 0.501

Knee ROM non-TJA side (°) 124 (13) 128 (11) 0.310

Subjective

WOMAC 27 (17) 19 (11) 0.034

DASI—estimated peak VO2  
(mL.min-1.kg-1)

18.6 (6.3) 22.7 (4.8) 0.026

SRS—7-days post-operative 46 (18) 61 (12) 0.007

SRS—6-weeks post-operative 66 (14) 76 (13) 0.012

Other

Length of hospital stay (days) 4.4 (2.7) 3.6 (1.4) 0.226

DASI = Duke Activity Status Index (0 worst–58 best); peak VO2 = peak oxygen consumption; ROM = range of motion; SRS = Surgical 
Recovery Score—higher score is best; TJA = total joint arthroplasty; WOMAC = Western Ontario and McMaster Universities  
Osteoarthritis Index (best 0–94 worst).
‡ = log transformed for statistical analysis.
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Appendix Table 2: Six-week post-operative function, subjective and other measures in participants with low  
anaerobic threshold (<11mL.min-1.kg-1) and high anaerobic threshold (>11mL.min-1.kg-1). Data are presented as  
mean (SD) and analysed with an ANCOVA test (covariates—age and pre-operative WOMAC).

Variable
Low fit (n=23)

<11mL.min-1.kg-1

High fit (n=28)

>11mL.min-1.kg-1

Statistical 
significance

Functional

Sit to stand (reps) 8 (5) 12 (4) 0.002

Timed up and go (s) 9.7 (2.4) 7.8 (1.7) 0.003

Daily steps (n)‡ 4,867 (2,752) 7,622 (4,567) 0.017

Knee ROM TJA side (°) 113 (11) 113 (11) 0.999

Knee ROM non-TJA side (°) 121 (11) 128 (11) 0.049

Subjective

WOMAC 23 (15) 19 (11) 0.350

DASI—estimated peak VO2  
(mL.min-1.kg-1)

21.2 (9.5) 22.3 (5.0) 0.575

SRS—Day 7 post-operative 50 (17) 61 (11) 0.016

SRS—6-weeks post-operative 68 (15) 77 (11) 0.016

Other

Length of hospital stay (days) 4.2 (2.1) 3.5 (1.4) 0.154

DASI = Duke Activity Status Index (0 worst–58 best); peak VO2 = peak oxygen consumption; ROM = range of motion; SRS = Surgical 
Recovery Score—higher score is best; TJA = total joint arthroplasty; WOMAC = Western Ontario and McMaster Universities  
Osteoarthritis Index (best 0–94 worst).
‡ = log transformed for statistical analysis.

Appendix Table 3: Multiple linear regression analysis of pre-operative peak VO2 and 6-weeks post-operative daily 
step count. n=51. 

Outcome Slope SE t R2 Adjusted-R2 F P-value

0.53 0.48 11.9 <0.001

Intercept 17,408 7,034 2.5 0.017

Relative peak VO2 209 88 2.4 0.022

Age -107 64 -1.7 0.103

Sex (male) 742 1,040 0.7 0.480

Body mass index -262 90 -2.9 0.006

F = F-statistic; peak VO2 = peak oxygen consumption; SE = standard error of the estimate; t = t-statistic.
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Appendix Table 4: Multiple linear regression analysis of pre-operative peak VO2 and 6-weeks post-operative timed 
up and go test. n=51.

Outcome Slope SE t R2 Adjusted-R2 F P-value

0.42 0.36 7.7 <0.001

Intercept 10.6 4.2 2.5 0.016

Relative peak VO2 -0.2 0.1 -3.3 0.002

Age 0.0 0.0 -0.6 0.545

Sex (male) 1.0 0.6 1.6 0.113

Body mass index 0.1 0.1 1.4 0.163

F = F-statistic; peak VO2 = peak oxygen consumption; SE = standard error of the estimate; t = t-statistic.

Appendix Table 5: Simple linear regression analysis of pre-operative peak VO2 with 6-weeks post-operative  
assessments for hip arthroplasty participants. n=23.

Outcome Slope
Standard 
error

R2 F P-value

Functional

Daily step count 490 102 0.53 23.3 <0.001

Timed up and go test -0.2 0.06 0.33 9.2 0.007

Subjective

WOMAC -0.6 0.3 0.16 4.10 0.056

SRS—7-days post-operative 0.2 0.5 0.01 0.18 0.680

SRS—6-weeks post-operative 0.5 0.5 0.05 1.2 0.282

Other

Length of hospital stay -0.1 0.1 0.05 0.9 0.350

DASI = Duke Activity Status Index; peak VO2 = peak oxygen consumption; SRS = Surgical Recovery Scale; WOMAC = Western  
Ontario and McMaster Universities Osteoarthritis Index.
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Appendix Table 6: Simple linear regression analysis of pre-operative peak VO2 with 6-weeks post-operative  
assessments for knee arthroplasty participants. n=28.

Outcome Slope Standard error R2 F P-value

Functional

Daily step count 267 75 0.35 12.6 0.002

Timed up and go test -0.2 0.0 0.31 11.0 0.003

Subjective

WOMAC -0.5 0.3 0.08 2.0 0.165

SRS—7-days post-operative 1.2 0.4 0.36 10.6 0.004

SRS—6-weeks post-operative 0.6 0.3 0.15 4.3 0.048

Other

Length of hospital stay 0.0 0.0 0.02 0.6 0.434

DASI = Duke Activity Status Index; peak VO2 = peak oxygen consumption; SRS = Surgical Recovery Scale; WOMAC = Western  
Ontario and McMaster Universities Osteoarthritis Index.

Appendix Table 7: Multiple linear regression analysis of pre-operative peak VO2 and 6-weeks post-operative  
subjective surgical recovery. n=51.

Outcome Slope SE t R2 F P-value

0.21 3.0 0.028

Intercept 54.9 31.2 1.8 0.085

Relative peak VO2 0.9 0.4 2.3 0.024

Age 0.2 0.3 0.6 0.554

Sex (male) -7.0 4.7 -1.5 0.142

Body mass index -0.2 0.4 -0.6 0.548

F = F-statistic; SE = standard error of the estimate; t = t-statistic.

Appendix Table 8: Multiple linear regression analysis of pre-operative peak VO2 and 6-weeks post-operative  
WOMAC score. n=51.

Outcome Slope SE t R2 F P-value

0.15 2.0 0.111

Intercept 20.6 28.7 0.7 0.477

Relative peak VO2 -0.5 0.3 -1.4 0.154

Age -0.1 0.3 -0.3 0.804

Sex (male) 4.4 4.3 1.0 0.313

Body mass index 0.4 0.4 1.0 0.300

F = F-statistic; SE = standard error of the estimate; t = t-statistic.
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Appendix Table 9: Simple linear regression analysis of estimated peak VO2 (DASI questionnaire) with 6-weeks 
post-operative assessments. n=51.

Outcome Slope SE R2 P-value

Functional

Daily step count 497 123 0.26 <0.001

Timed up and go test -0.3 0.1 0.26 <0.001

Subjective

WOMAC -0.9 0.4 0.08 0.051

SRS—7-days post-operative 1.3 0.5 0.13 0.018

SRS—6-weeks post-operative 1.1 0.5 0.10 0.029

Other

Length of hospital stay -0.1 0.0 0.04 0.162

DASI = Duke Activity Status Index; peak VO2 = peak oxygen consumption; SE = standard error of the estimate; SRS = Surgical 
Recovery Scale; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.

Appendix Table 10: Pearson correlation coefficient and simple linear regression analysis of pre-operative daily 
step count with 6-weeks post-operative assessments. n=51.

Outcome Slope SE R2 P-value

Functional

Daily step count 1.06 0.11 0.68 <0.001

Timed up and go test 0.001 <0.001 0.19 0.003

Subjective

WOMAC -0.001 <0.001 0.14 0.007

SRS—7-days post-operative 0.002 <0.001 0.17 0.006

SRS—6-weeks post-operative 0.001 <0.001 0.09 0.036

Other

Length of hospital stay 0.0 0.0 0.02 0.414

DASI = Duke Activity Status Index; peak VO2 = peak oxygen consumption; SE = standard error of the estimate; SRS = Surgical 
Recovery Scale; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
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Appendix Table 11: Pre-operative and 6-week post-operative daily physical activity overall and in total hip and knee arthroplasty participants. Data collected over a 7-day period 
and presented as daily mean (SD) and analysed with a paired samples t-test or repeated-measures ANOVA test. 

Overall (n=51) Hip arthroplasty (n=23) Knee arthroplasty (n=28) Hip vs knee

Variable PRE-OP POST-OP PRE-OP POST-OP PRE-OP POST-OP Group Time
Group×Time 
Interaction

Total steps (n) 5,835 (3,161) 6,359 (4,050) 5,619 (3,239) 6,571 (4,684) 6,034 (3,142) 6,165 (3,453) 0.996 0.106 0.217

Time spent upright (min) 327 (136) 320 (135) 347 (146) 347 (127) 309 (127) 295 (140) 0.204 0.696 0.673

Time spent stepping (min) 80 (36) 85 (46) 77 (38) 87 (53) 83 (35) 83 (39) 0.937 0.202 0.211

Time spent sitting (min) 576 (137) 610 (184) 562 (159) 563 (145) 589 (115) 654 (208) 0.138 0.192 0.201

Sit to stand transitions (reps) 36 (11) 36 (12) 32 (12) 33 (11) 39 (9) 39 (12) 0.029 0.747 0.969

Time spent in sitting bouts 
>30 min (min)

326 (134) 371 (187) 334 (145) 336 (142) 319 (125) 404 (219) 0.514 0.081 0.090

Time spent in sitting bouts 
>60 min (min)

187 (124) 225 (172) 191 (128) 209 (136) 183 (123) 239 (369) 0.768 0.114 0.403

PRE-OP = pre-operative; POST-OP = 6-weeks post-operative.
* p <0.05 vs PRE-OP (Overall only). Statistical significance for hip arthroplasty vs knee arthroplasty.
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Appendix Table 12: Pre-operative and 6-week post-operative functional measures overall and in hip and knee arthroplasty participants. Data are presented as daily mean (SD) 
and analysed with a paired samples t-test or repeated-measures ANOVA test. 

Overall (n=51) Hip arthroplasty (n=23) Knee arthroplasty (n=28) Statistical significance^

Variable PRE-OP POST-OP PRE-OP POST-OP PRE-OP POST-OP Group Time
Group×Time 
Interaction

Functional measures

30-second sit to stand test (n) 11 (6) 10 (5) 9 (5) 9 (4) 12 (5) 11 (4) 0.045 0.830 0.088

Timed up and go test (s) 10.4 (4.3) 8.7 (2.2)* 11.5 (4.3) 8.7 (2.1)^ 9.6 (4.1) 8.7 (2.4) 0.295 <0.001 0.047

30-second arm curl test (n) 23 (6) 24 (5) 24 (5) 24 (4) 23 (7) 24 (6) 0.666 0.364 0.893

PRE-OP = pre-operative; POST-OP = 6-weeks post-operative.
* p <0.05 vs PRE-OP (Overall only). ^ = p <0.05 for hip arthroplasty vs knee arthroplasty.
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Appendix Table 13: Isometric muscle strength on scheduled arthroplasty and non-scheduled arthroplasty side overall and in hip and knee arthroplasty participants. Data are 
presented as daily mean (SD) and analysed with a paired samples t-test or repeated-measures ANOVA test. 

Variable

Overall (n=51) Hip arthroplasty (n=23) Knee arthroplasty (n=28) Statistical significance^

PRE-OP POST-OP PRE-OP POST-OP PRE-OP POST-OP Group Time
Group×Time 
Interaction

TJA side

Knee Extension (N) 127 (55) 142 (44) 133 (56) 147 (50) 123 (54) 138 (39) 0.443 0.030 0.984

Knee Flexion (N) 87 (35) 85 (30) 85 (34) 97 (34) 90 (37) 74 (22)^ 0.227 0.751 0.013

Hip Abduction (N) 78 (39) 91 (28)* 67 (26) 83 (24) 87 (46) 98 (29) 0.036 0.004 0.553

Hip Extension (N) 87 (38) 83 (35) 78 (33) 82 (29) 95 (42) 83 (40) 0.329 0.444 0.131

Non-TJA side

Knee Extension (N) 157 (61) 156 (45) 162 (56) 153 (43) 152 (65) 159 (47) 0.852 0.881 0.223

Knee Flexion (N) 100 (39) 97 (35) 95 (34) 92 (32) 104 (43) 102 (37) 0.310 0.688 0.934

Hip Abduction (N) 87 (35) 94 (25) 86 (29) 94 (23) 89 (41) 94 (28) 0.833 0.193 0.804

Hip Extension (N) 106 (43) 94 (40) 91 (30) 87 (32) 116 (52) 99 (46) 0.105 0.019 0.155

Knee range of motion

TJA side (°) 114 (17) 113 (15) 121 (15) 123 (12) 108 (16) 105 (11) <0.001 0.871 0.099

Non-TJA side (°) 124 (13) 125 (11) 128 (9) 127 (10) 121 (14) 123 (13) 0.100 0.727 0.090

PRE-OP = pre-operative; POST-OP = 6-weeks post-operative; TJA = total joint arthroplasty.
* p <0.05 vs PRE-OP (Overall only). ^ = p <0.05 for hip arthroplasty vs knee arthroplasty.
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Appendix Table 14: Pre-operative and 6-week post-operative subjective responses overall and in hip and knee arthroplasty participants. Data are presented as daily mean (SD) 
and analysed with a paired samples t-test or repeated-measures ANOVA test.

Variable Overall (n=51) Hip arthroplasty (n=23) Knee arthroplasty (n=28) Statistical significance

PRE-OP POST-OP PRE-OP POST-OP PRE-OP POST-OP Group Time
Group×Time 
Interaction

WOMAC

Overall score‡ 59 (18) 21 (13)* 64 (17) 16 (11) 55 (18) 24 (14)^ 0.936 <0.001 <0.001

Pain 12 (4) 4 (3)* 13 (4) 2 (2) 12 (4) 5 (3)^ 0.303 <0.001 <0.001

Stiffness 5 (2) 2 (2)* 5 (2) 2 (1) 5 (2) 3 (1)^ 0.970 <0.001 0.007

Physical function‡ 43 (13) 15 (10)* 46 (12) 12 (8) 39 (13) 18 (10)^ 0.568 <0.001 0.003

EQ-5D

Health today‡ 59 (23) 81 (15)* 54 (25) 83 (15) 64 (20) 79 (15)^ 0.472 <0.001 0.038

Quality of life 15 (4) 8 (2)* 16 (3) 8 (2) 14 (3) 9 (2)^ 0.1.29 <0.001 0.001

SF12

Physical component score‡ 27 (5) 39 (8)* 26 (5) 39 (8) 29 (5) 39 (9) 0.447 <0.001 0.121

Mental component score‡ 45 (12) 53 (12)* 43 (11) 55 (9) 48 (12) 52 (14) 0.722 <0.001 0.022

DASI

Score‡ 17 (10) 26 (12)* 16 (10) 29 (13) 19 (9) 24 (11) 0.698 <0.001 0.013

Estimated peak VO2 (mL.min-1.kg-1)‡ 17.1 (4.1) 21.8 (7.3)* 16.4 (4.3) 23.7 (9.0) 17.7 (3.9) 20.3 (5.3) 0.415 <0.001 0.030

Day 7 Week 6 Day 7 Week 6 Day 7 Week 6

Surgical recovery score 56 (15) 73 (14)* 53 (15) 74 (16) 58 (15) 73 (13) 0.565 <0.001 0.206

DASI = Duke Activity Status Index (0 worst–58 best); EQ-5D = European Quality of Life Five Dimension, EQ-5D Health today (0 worst–100 best), EQ-5D Quality of life (5 best–25 worst); OHS/OKS = 
Oxford hip score/Oxford knee score (0 worst–48 best); peak VO2 = peak oxygen consumption; PRE-OP = pre-operative; POST-OP = 6-weeks post-operative; SF-12 = 12-item short form survey; SRS 
= Surgical Recovery Score (higher score is best); WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index (0 best–94 worst). 
* p <0.05 vs PRE-OP (Overall only). ^ = p <0.05 for hip arthroplasty vs knee arthroplasty. ‡ = log transformed for statistical analysis.
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Delay to diagnosis in childhood bone 
and joint infection 
Sarah Hunter, Elsie Brown, Haemish Crawford, Vanessa Selak, Cameron Grant

abstract
aim: To determine the proportion of delayed diagnosis among cases of acute childhood bone and joint infection (BJI) and examine the 
impact of delayed diagnosis on illness trajectory. 
methods: A retrospective review was undertaken of patients <16 years with acute haematogenous osteomyelitis (AHO) or septic  
arthritis (SA) treated in the Auckland region from 2018–2023. Electronic case information was used to identify any alternative diagnosis 
given prior to identification of BJI (delayed disease recognition). Cases were grouped into the following subtypes: multifocal sepsis or 
shock, “isolated” AHO or SA, or contiguous local infection such as pyomyositis and subperiosteal abscess. Primary outcomes included 
length of stay (LOS) and hospitalisation cost. 
results: A total of 563 cases of childhood BJI were identified, of whom 512 had clearly documented presenting complaint. A high  
proportion received an alternative initial diagnosis (43%). Alternatively diagnosed children were more likely to have attended primary 
or urgent care (82% vs 38%, p=0.00001) and have a recent viral illness (46% vs 34%, p=0.008). Receiving alternative diagnosis was  
associated with greater delay to treatment (7.8 vs 4 days, p=<0.00001). Contiguous local infection was more likely in children with 
>1 week of symptoms (34% vs 17%, p=0.002). Contiguous infection required more surgical intervention, longer LOS and higher  
hospitalisation cost when compared to isolated AHO.
conclusion: Delayed recognition of childhood AHO and SA is common and is associated with delayed treatment. Symptoms  
present for >1 week are associated with contiguous infection, which, compared with isolated AHO, requires more surgery with increased  
hospitalisation costs.

Prompt diagnosis and treatment for childhood  
bone and joint infection (BJI) is necessary 
to avoid long-term disease consequences.1 

Chronic infections often require multiple surgeries  
and can have devastating outcomes.2 The exact 
time frame for irreversible damage is unknown, 
although in vitro studies report articular cartilage 
destruction within as little as 8 hours of bacterial 
inoculation.3 

The clinical consequences of chronic and  
subacute disease are well characterised in the  
literature, but less attention has been given to the 
delayed management of acute disease.3 Recent  
studies focus on diagnostic success in the emergency  
care setting.4,5 Epidemiologic studies on BJI in 
the New Zealand population only report tertiary  
management.6,7 There is a lack of information 
available about prehospital disease characteristics  
and prehospital medical care. These aspects 
of childhood BJI are important, as duration of  
symptoms can predict disease complexity and 
treatment success.8–10 

Scoring systems to recognise complicated  
illness incorporate features of hospital presenta-
tion, but none include consideration of prehospital 
delays that contribute to more severe disease.11,12 

For instance, the A-score by Alhinai et al. defines 
“delayed source control” as 3 days between  
admission and surgery.13 However, it is arguable 
that a child unwell in the community for a week 
has also experienced “delayed source control”. The 
full impact of symptom duration is not measurable  
unless we account for prehospital disease course. 

In addition to this, acute haematogenous  
osteomyelitis (AHO) and septic arthritis (SA) can 
be exceptionally difficult to diagnose.14 For many 
children, the diagnostic process leads to apparently  
unavoidable treatment delay. Diagnostic algorithms  
developed in the 1990s and early 2000s have not 
been successfully validated in the current clinical 
environment.9 Traditional teaching emphasises  
fever and limp as indicative of BJI, despite evolving  
disease aetiology that has altered clinical presen-
tation.15 In a recent case series only 15% of BJI 
infections secondary to Kingella kingae (K. Kingae)  
presented with fever.16,17 Overlapping clinical  
presentation with transient synovitis leads to  
misdiagnosis rates of up to 60% in the emergency 
care setting.14 These misconceptions surrounding 
disease presentation require review and refine-
ment. If they are not revised, misdiagnosis will 
result in delayed treatment and management 
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for some children, with the consequences being 
more severe acute disease and increased rates of  
subsequent disability. 

There is likely a temporal relationship between 
contiguous local infection and duration of symp-
toms. This relationship has not yet been defined 
in the literature. Greater utilisation of magnetic 
resonance imaging (MRI) over recent decades has 
increased clinical awareness of these contiguous 
infections.18 We do not know the exact time frame 
in which “isolated” osteomyelitis disseminates 
locally into the surrounding tissues, creating  
focal collections such as subperiosteal abscess or 
pyomyositis, which may require more surgery.  
Children with contiguous local infection experience  
greater morbidity and incur more direct medical 
cost.8 Determining the temporal nature of disease 
progression will help us understand the impact of 
delayed diagnosis.

In summary, the aim of this research is to 
determine the proportion of delayed diagnosis 
in childhood BJI and the impact of pre-diagnosis  
symptom duration on disease trajectory, with focus 
on length of stay (LOS) and hospitalisation cost. 

Methods
This study is a retrospective analysis of all 

cases of suspected osteomyelitis and SA managed 
in multiple institutions across Auckland region 
from 2018–2023. Children from birth to age <16 
years were included. Health and Disability Ethics 
Committee (HDEC) approval was obtained for this 
study together with institutional review board 
approval (reference: 19/NTA/46 & 18NTA219).

Comprehensive review of electronic clinical 
records was conducted. Data were collected on 
patient demographics, illness presentation and 
disease type. Household socio-economic depriva-
tion was measured using the New Zealand Index 
of Deprivation (NZDep), based on patient address 
at time of treatment.19 NZDep is an area-based 
surrogate measure of socio-economic hardship. 
AHO was defined based on radiographic investi-
gation via MRI or computed tomography (CT) and/
or positive intraoperative culture or bone biopsy. 
SA was defined based upon intraoperative culture 
results, culture results from aspirate or positive  
radiographic investigation in the setting of a  
positive blood culture. Cases of chronic BJI, post- 
viral or reactive arthritis, post-operative infection,  
cases associated with significant malignancy  
or patients with insufficient clinical data for  
analysis were excluded. 

Children were considered to have multifocal  
sepsis if they had multiple concurrent infections; for 
example, AHO with pneumonia. Locally contiguous 
infection was defined as AHO with contiguous pyo-
myositis, subperiosteal abscess or adjacent joint SA. 

Electronic hospital data contains primary and 
urgent care referrals, community laboratory 
results and community pharmacy dispensing 
records. These were reviewed to describe medical  
attention prior to hospital admission. In New  
Zealand, all medications dispensed to children from 
community pharmacies are listed electronically.20 

Cases were assessed for any alternative diag-
nosis prior to identification of BJI. For example, if 
they presented to primary care or the emergency 
department (ED) and were discharged with a  
diagnosis of “transient synovitis” but subsequently  
confirmed to have AHO or SA. For the purposes 
of this study, diagnostic delay is defined as those 
children with symptoms for >3 days before treat-
ment initiation. 

LOS, number of surgeries and duration of  
combined intravenous and oral antibiotic therapy 
were recorded. The cost of hospitalisations was 
determined using a weighted discharge value (i.e., 
Weighted Inlier Equivalent Separations [WIES]) for 
all National Minimum Dataset events as calculated  
by the New Zealand Ministry of Health – Manatū 
Hauora.21 This paediatric WIES cost-weight  
encompasses medical costs, ward stays, medications,  
laboratory investigations, operations and nursing  
and other ward staff. It is based on diagnostic- 
related groups (DRGs), with additional costs for 
interventions such as mechanical ventilation. 

Results 
An initial 994 encounters for BJI were  

identified by clinical codes for pyogenic arthritis 
and osteomyelitis. Of these, 563 met criteria for 
first presentation with acute BJI. The majority  
of exclusions were readmissions for the same  
condition or chronic disease (n=192), incorrect 
diagnosis (n=74), or infections secondary to oper-
ative complication or penetrating injury (n=56).  
Eligible cases were primarily AHO (39%); multifocal  
sepsis was less frequent (16%) (Table 1). 

A presenting complaint was clearly outlined in 
512 cases. A total of 218 children (43%) received 
an alternative diagnosis before identification of 
BJI (Table 2). A “classical” presentation with fever 
and pain at the site of infection was only seen in 
45%. History of a recent viral illness was common 
(39%), as was history of trauma (23%). 
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An alternative diagnosis was less common in 
children of Māori or Pacific ethnic groups (Table 
2). There was a lower average NZDep in children 
who received another diagnosis first (NZDep 6 
vs 7, p=0.0003). Of note, within our cohort, the 
proportion of NZ European patients attending 
community medical centres was slightly higher 
(n=116, 66%) than Māori (n=40, 48%) or Pacific 
(n=69, 45%) (p=<0.01). 

Children who were alternatively diagnosed 
were more likely to have presented to a primary 
or urgent care centre (82% vs 38%, p=<0.0001). 
They were equally likely to have reported fever 
and pain at infection site (47% vs 44%, p=0.62). 
However, they were more likely to have a recent 
viral illness (46% vs 34%, p=0.008). 

Delay between symptom onset and treatment 
for BJI was greater if children received another 
diagnosis first (7.8 vs 4 days, p=<0.0001). Once 
hospitalised, children with initial misdiagnosis  
were equally likely to require surgery (50% vs 
53%, p=0.56). Pathogen type in those with an 
alternative first diagnosis was more likely culture- 
negative or K. kingae–mediated BJI (58% vs 47%, 
p=0.004). 

Considering diagnostic delay, Figure 1 shows 
the duration of symptoms prehospital for children  
with and without an alternative first diagnosis. 
Those without alternative first diagnoses had 
shorter duration of symptoms before treatment. 
Diagnostic delay of >3 days was more common in 
those with an alternative first diagnosis (75% vs 
33%, p=<0.001). 

The relationship between duration of symptoms  
and disease subtype is demonstrated in Figure 2. 
This Kaplan–Meier survival analysis compares 
days of symptoms before diagnosis across different  
subtypes of disease. It shows high proportion of 
SA and multifocal sepsis diagnosed after a short 
duration of symptoms. AHO and locally contiguous  
infections remain undiagnosed for longer. 

Examining for statistical significance, children 
with multifocal sepsis typically presented within 
48 hours, or “early” (Table 3). Conversely, locally 
contiguous infections were more often diagnosed 
“late” (>1 week of symptoms) (p=0.02). For the 
entire cohort, surgical intervention rates appear 
higher for those who present during the first 48 
hours of symptoms (50–60%) or after 10 days of 
symptoms (64%) (p=0.09) (Figure 3). 

Surgical intervention, LOS and cost differed by 
disease subtype. In Table 4, these outcomes for 
children with “isolated” AHO have been compared  
to locally contiguous infections. This is for two 

reasons. Firstly, it is already established that 
patients with SA and multifocal sepsis generally 
are more likely to require surgery, which raises 
hospitalisation cost.22 Operative drainage of SA is 
deemed gold standard in the majority of cases.23,24 
Secondly, it is possible that earlier recognition and 
treatment of AHO could prevent progression to 
locally contiguous infection. Any additional costs  
and morbidity associated with contiguous infection  
may be avoidable.

Our results showed the surgical intervention 
rate for contiguous disease was higher than for 
isolated AHO (70% vs 14%, p=0.0001) (Table 4). 
Children with locally contiguous infection spend 
longer in hospital (8.42 vs 5.14 days, p=<0.0001). 
Hospitalisation cost appeared higher but did 
not reach statistical significance (NZ$14,102 vs 
NZ$8,587, p=0.26). A large standard deviation in 
cost averages is due to high additional costs asso-
ciated with paediatric intensive care admission.

Discussion
Overall, in this study almost half of children 

with BJI were given an alternative diagnosis first. 
Alternatively diagnosed children were more likely 
to have attended primary or urgent care centres 
and report a recent viral illness. An alternative  
diagnosis delayed treatment by an average of 3.8 
days. 

Greater duration of symptoms is associated with 
locally contiguous forms of BJI. The consequences  
of this can be seen clinically as increased need 
for surgical intervention and longer hospital stay. 
Hospitalisation for locally contiguous infections 
was on average 3 days longer, with direct hospital-
isation costs almost twice as high as for “isolated” 
AHO. Although this difference in hospitalisation 
cost did not reach statistical significance, it is 
likely clinically meaningful; longer hospitalisation  
also confers additional treatment expense to 
patients and families. 

Delay in making a diagnosis may reflect outdated  
understanding of disease aetiology. Transient 
synovitis, unlike bacterial infection, is commonly  
associated with a pre-existing respiratory illness.14,25  
Traditional teaching emphasises the relationship 
between viral illnesses and transient synovitis, 
without acknowledging a potential relationship 
between viral infections and bacterial BJI.26 A  
viral infection may be concomitant with  
Staphylococcus aureus (S. aureus) or S. pyogenes 
(Streptococcus pyogenes) mediated AHO or SA, 
whereby initial viral infection lowers immunity to 
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allow bacterial invasion.26 This is supported by the 
lower rates of bacterial bone infections during the 
COVID-19 pandemic, as well as the high incidence 
of pre-existing viral infection in our cohort.27 For 
clinicians, recognising the association between 
viral infections and childhood BJI may improve 
diagnostic rate. A recent virus may in fact be asso-
ciated with BJI, rather than pointing to a diagnosis 
of transient synovitis. 

This study suggests less clinical awareness for 
disease presentation associated with low virulence  
organisms and, in particular, culture-negative 
and K. kingae–mediated infections. Our results 
confirmed the proportion of culture-negative and 
K. kingae–mediated disease is higher in our region 
compared to previous years.6,28 Emergence of K. 
kingae has been attributed to widespread vaccina-
tion for Haemophilus influenzae since the 1980s.17 
In addition, daycare use has increased, which is 
associated with spread of K. kingae.29,30 These  
children often appear clinically well, increasing reli-
ance on laboratory and radiographic information  
for diagnosis. Those with culture-negative or K. 
kingae infections were more likely to experience 
diagnostic delay in our cohort, perhaps in associa-
tion with subtle disease presentation.

In contrast, S. aureus–mediated BJI is classically  
associated with febrile illness, has increased  
representation in lower socio-economic groups 
and is over-represented in Māori and Pacific  
children.31 In our study delayed diagnosis was less 
common for these ethnic groups; although, it is 
important to note that Māori and Pacific children  
in our region experience reduced primary health-
care access.32 Māori and Pacific children with BJI 
are also more likely to have severe illness and 
receive treatment in the paediatric intensive care 
unit (PICU).33 To improve diagnostic success across 
a range of disease presentations, contemporary 
teaching for identification and management of BJI 
needs to reflect changes in clinical epidemiology.

The consequence of diagnostic delay in  
childhood BJI is delayed treatment initiation, 
specifically intravenous antibiotics and surgical  
source control. Importantly, diagnostic delay was 
equally likely among children who presented  
with fever and pain at site of infection in this 
cohort. Furthermore, children who received an 
alternative diagnosis first went on to receive  
equivalent rates of surgical intervention, suggesting  
delays were not limited to mild forms of disease. 

Although management guidelines vary between 
institutions, evidence supports urgent antibi-
otic administration in cases of musculoskeletal  
sepsis.34 If osteomyelitis or SA are part of the  
disease differential, timely referral to a tertiary 
centre with radiographic and laboratory analysis 
may support earlier treatment initiation.

A limitation of this research is the quality of 
documentation. In electronic case records, a 
recent viral illness or trauma could be deemed 
irrelevant by clinicians and not documented. 
As a consequence, prevalence of these may be 
under-reported in this retrospective case series. 
However, we have sought to reduce the potential for 
this bias by careful analysis of primary care referral  
documentation and community laboratory and  
dispensing records where available. It is possible 
that this does not capture all consultation data, 
particularly where a prescription is not filled. 

There are several findings from this study 
that can inform ongoing clinical practice. Firstly,  
models of teaching and diagnosis for BJI should 
reflect current clinical and molecular epidemiology  
of disease. This means that ongoing collection of 
data around presentation and causative pathogens  
is essential to inform surgeons and the wider 
medical community. Knowledge of how disease 
presents in the current environment is crucial to 
minimise delays to diagnosis and misdiagnosis. 

Secondly, without accessible imaging and  
laboratory testing it is very difficult to diagnose 
childhood BJI. This is reflected in the greater delay 
to treatment and diagnosis after presentation  
to primary care. With any clinical suspicion of 
AHO or SA, referral to a facility with imaging 
and laboratory capability is essential. Healthcare  
professionals need to understand that the goal is 
to prevent contiguous infection, which develops  
over time and is associated with greater surgical 
intervention and morbidity. For patients and fam-
ilies, the accumulation of direct medical costs and 
productivity loss is greater with delayed diagnosis. 

Conclusion
Childhood AHO and SA are frequently given 

an alternative diagnosis at presentation, leading 
to delayed treatment initiation. Delays of >1 week 
are associated with contiguous infection, which 
more frequently requires surgery, with prolonged 
morbidity and cost.
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Figure 1: Prehospital duration of symptoms for children with and without alternative first diagnosis.

Figure 2: Kaplan–Meier analysis of time to diagnosis by disease subtype.

Mean duration of symptoms in days

Groups Mean Std dev LCL (95%) UCL (95%)

All 4.28 0.15 3.99 4.57

Status = isolated AHO 4.37 0.22 3.93 4.8

Status = locally disseminated disease 5.3 0.35 4.6 5.99

Status = multifocal sepsis 3.25 0.23 2.8 3.69

Status = septic arthritis 3.75 0.33 3.1 4.39

Figure legend: Log of survival function denotes the probability of a patient remaining in the community at each specified  
time point. 
Std dev = standard deviation; LCL = lower confidence limit; UCL = upper confidence limit; AHO = acute haematogenous  
osteomyelitis.
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Figure 3: Proportion of children receiving surgical intervention by duration of symptoms prior to diagnosis.

Table 1: Demographic information.

Auckland cases of childhood BJI 2018–2023 (n=563)

Basic demographics

 N %/Standard deviation

Male 351 62%

Female 212 38%

Mean age (interquartile range) 6 (9.7) 4.6

NZ European 175 32%

Pacific 152 28%

Māori 106 19%

Indian 32 6%

Asian 57 10%

Other 39 5%

Average NZDep (interquartile range) 7 (5) 3

Disease type

Isolated AHO 222 39%

AHO with contiguous local disease 139 25%

Multifocal sepsis 90 16%

SA 112 20%
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Severe or complicated disease course (N=328)

Intensive care admission 39 7%

>1 surgery to control infection 85 15%

Multifocal sepsis 90 16%

Chronic infection 30 5%

Readmission for treatment failure or further surgery 106 19%

Causative pathogen (from 503 cases with microbiological samples)

Staphylococcus aureus 236 42%

Streptococcus pyogenes 30 5%

Kingella kingae 23 4%

Culture-negative 214 38%

BJI = bone and joint infection; NZ = New Zealand; NZDep = New Zealand Index of Deprivation; AHO = acute haematogenous 
osteomyelitis; SA = septic arthritis.

Table 2: Characteristics of children with and without alternative first diagnosis.

 Full cohort 
Children who 
receive alternative 
diagnosis first 

Children who do not 
receive alternative 
diagnosis first

P value

N %/SD[IQR] N %/SD[IQR] N %/SD[IQR]

Number of cases 512  218 43% 294 57%

Demographics

Median age (IQR) 5 4.5 [9] 4 4.4 [8] 6 4.4 [9] 0.0003

Māori 94 18% 40 43% 54 57% 0.04

Pacific 130 25% 42 28% 88 68% <0.0001

NZ European 169 33% 83 47% 86 54% 0.04

Other ethnic groups 114 22% 52 46% 62 54% 0.2

Median NZDep (IQR) 7 3 [5] 6 3 [6] 7 3[6] 0.0003

Illness presentation

Attended primary care 290 57% 178 82% 112 38% <0.0001

Recent viral illness 202 39% 101 46% 101 34% 0.008

History of trauma 116 23% 55 25% 61 21% 0.23

Febrile 336 66% 147 67% 189 64% 0.51

Table 1 (continued): Demographic information.
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Fever + pain at site of  
infection

232 45% 102 47% 130 44% 0.62

Duration of symptoms in days 4 5.9 [5] 7.8 6.7 [6] 4 4.2 [2] <0.0001

Disease characteristics

AHO 392 77% 172 83% 220 75% 0.81

SA 120 23% 45 21% 74 25% 0.81

Multifocal sepsis 78 15% 22 10% 56 19% 0.005

AHO with locally  
disseminated infection 

139 25% 80 37% 59 20% 0.00002

Spine 23 4% 14 6% 9 3% 0.51

Pelvis 53 10% 25 11% 28 10% 0.47

Surgical intervention 267 52% 110 50% 157 53% 0.56

>1 surgery 111 22% 42 19% 69 23% 0.36

Culture positive S. aureus or  
S. pyogenes

229 45% 84 39% 145 49% 0.005

Culture-negative or K. kingae 263 51% 126 58% 137 47% 0.004

SD = standard deviation; IQR = interquartile range; NZ = New Zealand; NZDep = New Zealand Index of Deprivation; AHO = acute 
haematogenous osteomyelitis; SA = septic arthritis; S. aureus = Staphylococcus aureus; S. pyogenes = Streptococcus pyogenes; K. 
kingae = Kingella kingae.
*512 cases with prehospital information available were included in this analysis out of 563 children with BJI.

Table 2 (continued): Characteristics of children with and without alternative first diagnosis.

Table 3: Disease subtypes by duration of symptoms prior to diagnosis.

Duration of symptoms

Multifocal 
sepsis 

Septic 
arthritis 

Acute hae-
matogenous 
osteomyelitis

Contiguous 
disease 

N % N % N % N %

Symptoms for </= 48 hours (“early” presentation) 38 20% 50 26% 74 38% 34 17%

Symptoms >48hrs <1 week 28 15% 33 18% 82 44% 50 25%

>1 week symptoms (“late” presentation) 14 10% 22 15% 63 43% 85 34%

P value: early vs late <0.00001 0.03 0.34 0.002
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Table 4: Rates of surgical intervention, length of stay and hospitalisation cost by subtype of disease.

 
Surgical 
intervention 

%
Median LOS 
(days)

Mean ± SD IQR
Median  
hospitalisation 
cost (NZ$)

Mean ± SD IQR

Isolated SA 100 89% 5.93 6.95±8.52 4.56 14,230.50 17,535.56±20,278.26 5,940.1

Isolated AHO 32 14% 5.14  6±4.8 4.2 8,587.9 27,402.16±229,346.62 4,217.2

Multifocal sepsis 71 89% 19.64 27±22.1 22.5 27,505.85 190,350 ± 566,998 71,502

Contiguous disease 97 70% 8.42 10.3±7.21 6.2 14,102.4 48,452.8±229,365.83 10,488.28

P value (isolated AHO vs contiguous 
disease)

0.0001* <0.0001† 0.26†

LOS = length of stay; SD = standard deviation; IQR = interquartile range; NZ = New Zealand; SA = septic arthritis; AHO = acute haematogenous osteomyelitis.
* Chi-squared test.
† Mann–Whitney U test.
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Anticoagulation management and 
poor clinical outcomes in tamariki 
and rangatahi with rheumatic heart 
disease following mechanical valve 
replacement surgery in Counties 
Manukau
Prathyusha Tangirala, Bridget Farrant, Rachel Webb

abstract
aim: Rheumatic heart disease (RHD) causes significant cardiovascular morbidity and mortality, with persisting inequitably high rates 
in Māori and Pacific tamariki and rangatahi. Mechanical valve replacement surgery is required for people with severe RHD and requires 
lifetime anticoagulation. Contemporary data regarding anticoagulation management and outcomes for tamariki and rangatahi following 
mechanical valve replacement surgery for RHD are lacking. We aimed to describe patient characteristics, anticoagulation management 
practices and complications in a cohort of tamariki and rangatahi ≤25 years of age. 
methods: A retrospective observational study of patients aged ≤25 years with RHD and mechanical valves, living in Counties Manukau, 
South Auckland, 2016–2021, was conducted. 
results: A total of 53 patients were identified. The median age at time of first mechanical valve surgery was 15 years (range 4–23 
years). Nineteen percent of the cohort were Māori and 81% were Pacific peoples. The median duration of anticoagulation was 4 years 
(range 0.5–18 years). The most common method of monitoring was via the community laboratory service and general practitioner. 
There were 38 individuals who had ≥1 anticoagulation-related hospitalisation. There were 80 anticoagulation-related hospitalisations: 
52% were due to a subtherapeutic international normalised ratio (INR) without clinical complication; 15% had a supratherapeutic INR 
without clinical complication; 14% haemorrhage; 9% stroke; 6% other thromboembolic events; and 4% prosthetic valve thrombosis. 
Five deaths occurred between 2016 and 2021.
conclusion: The majority of the cohort had serious anticoagulation-related hospitalisation events, and 10% died. Urgent efforts 
are required to improve services for anticoagulation monitoring and management and clinical outcomes in young adults following 
mechanical valve surgery for RHD. 

Rheumatic heart disease (RHD) is the chronic 
sequela of acute rheumatic fever (ARF), a 
multisystem inflammatory condition that 

develops in a susceptible host due to Group A 
Streptococcus pharyngeal infection.1 In 2019, the 
global burden of RHD was estimated to be 40.5 
million cases, mostly in low- and middle-income 
countries.2,3 Despite Aotearoa New Zealand being 
a developed country, RHD is a significant cause 
of cardiovascular morbidity and premature mor-
tality among Māori and Pacific peoples.4,5 Serious 
consequences of RHD include infective endocarditis, 
atrial fibrillation, thromboembolism, stroke and 
premature death.6

In Aotearoa, RHD prevalence is estimated to be 
around 2% among Pacific tamariki and rangatahi, 

and 1% among Māori.7–10 The New Zealand  
Rheumatic Heart Disease Registry estimates there 
are around 3,600 individuals with moderate or 
severe RHD.5 ARF and RHD hospitalisation costs 
in Aotearoa peak between the ages of 5 and 19 
years.11 The most recent analysis of direct hospi-
talisation costs for ARF/RHD in young people was 
published in 2012 and found an average annual 
hospitalisation cost of NZ$12 million, with heart 
valve surgery accounting for 71% of hospitalisa-
tion costs for those between 5 and 14 years of 
age.12 Around 160 deaths in Aotearoa annually 
can be attributed to RHD.12

A proportion of tamariki and rangatahi with 
severe RHD require heart valve surgery. In those 
<16 years, surgery is performed at Starship  
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Hospital, whereas older patients usually undergo 
surgery in adult cardiosurgical centres. Where 
possible, valve repair procedures are favoured 
over mechanical valve replacement in order to 
avoid the need for lifelong anticoagulation.13,14 
Valve repair surgery in Aotearoa has excellent 
outcomes with 90% survival and 75% freedom 
from reoperation at 10 years.14 However, in some 
situations mechanical valve replacement surgery 
is required due to the unrepairable state of the 
native valve.

Mechanical valve surgery necessitates lifelong 
oral anticoagulation therapy with the vitamin K 
antagonist warfarin to prevent thromboembolic 
events.15 Tamariki and rangatahi face significant 
challenges with long-term warfarin therapy due 
to the complexity of international normalised 
ratio (INR) monitoring, the need for frequent 
warfarin dose adjustments and the effect of diet, 
medication interactions, illness and missed doses 
on INR levels.16 Furthermore, for women in child-
bearing years, warfarin is teratogenic and can lead 
to bleeding complications during pregnancy, along 
with increased risk of major thromboembolic 
events.17,18 The challenges are particularly  
profound for rangatahi during the transition 
from paediatric to adult health services. In the  
Auckland Region, patients are typically transi-
tioned from the Starship service to primary care 
providers around the age of 16 years. Coagu-
Chek® machines and test strips are not routinely 
available or funded for adult patients in Aotearoa. 
Currently there are two main methods for  
primary care INR management: firstly, via  
general practitioner (GP) and community labora-
tory, and secondly, via the community pharmacy 
anticoagulation monitoring service (CPAMS).19 
Further challenges in the journey towards  
independence and self-management can include 
frequently changing addresses and busy work 
and study schedules. There are little published 
data about anticoagulation-related outcomes in 
young people with RHD. To date, there have been 
no Aotearoa studies on this subject. 

Aims
The primary objective of this study was to 

describe the patient characteristics of all tamariki 
and rangatahi with RHD on anticoagulation after 
mechanical valve surgery in Counties Manukau 
and to review anticoagulation management and 
complications. Secondary objectives included 
describing ARF recurrences in this population, 

and describing deaths in those ≤25 years following 
RHD mechanical valve surgery occurring between 
January 2016 and January 2021. 

Methods
This study was undertaken in Counties Manukau, 

the district with the highest prevalence of RHD in 
Aotearoa. 

We undertook a retrospective review of all  
tamariki and rangatahi aged ≤25 years on anti- 
coagulation after metal mechanical valve replace-
ment for RHD, domiciled in Counties Manukau 
between 1 January 2016 and 1 January 2021. 
Patients with RHD and on anticoagulation for 
other reasons, such as heart failure or atrial 
fibrillation, and patients with valve repairs were 
excluded. Those with only bioprosthetic valves 
were excluded. Data census was conducted on 1 
January 2021, or at the time of last documentation 
in clinical records for those who had died.

The following variables were investigated: age 
as of 31 January 2021, gender, ethnicity and age at 
RHD diagnosis. Clinical variables included mechan-
ical valve surgery details, anticoagulation monitor-
ing and hospitalisations due to subtherapeutic INR 
without clinical complication, supratherapeutic 
INR without clinical complication, haemorrhage, 
stroke, other thromboembolic events and mechan-
ical valve thrombosis. Cardiology and rheumatic 
fever clinic attendance, medication dispens-
ing records, transition process, age of transfer 
to adult services and clinical details of deaths 
were also examined. Hospitalisation events were 
defined as events where the patient was admit-
ted to an inpatient service and stayed overnight. 
Emergency department visits were excluded. 

Multiple data sources were interrogated to 
optimise case ascertainment, including the New  
Zealand Rheumatic Heart Disease Registry Project,5 
Counties Manukau rheumatic fever secondary 
prophylaxis database, Starship Hospital anticoag-
ulation database and clinician records. Electronic 
records and primary care prescribing records 
were evaluated.

Continuous variables are presented as median 
and range. Categorical data are presented as  
frequencies and percentages. Statistical analyses 
were performed using Microsoft Excel.

Ethics approval was granted by the Auckland 
Health Research Ethics Committee (AH22290). 
Locality approval was obtained from the Counties 
Manukau Health Research Office. 
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Results
There were 53 patients in Counties Manukau 

with a mechanical metal valve on anticoagulation 
secondary to RHD between 1 January 2016 and 1 
January 2021. Review of clinical records identi-
fied that five of these individuals died sometime 
between 1 January 2016 and 1 January 2021. 

Patient demographics are presented in Table 1. 
Of the 48 patients alive in 2021, the majority were 
aged ≥16 years (42/48, 88%). There was a male 
predominance (58%). The highest represented 
ethnicities were Samoan (39%), Cook Island Māori 
(21%), Māori (19%) and Tongan (17%).

The median age at time of first mechanical 
valve surgery was 15 years (range 4–23).

A description of the valves in surgical manage-
ment of affected valves is presented in Table 2. 
The aortic valve was the most commonly operated 
on valve (35%), and the sole mitral valve was the 
least common (10%). The majority of the cohort 
had one or two valves operated on (44% and 

41%, respectively). On-X was the most frequently  
chosen type of mechanical valve (62%). 

There were 43 patients under the care of adult 
services and 10 patients under the care of paedi-
atric services. The median age of transition from 
paediatric to adult services was 16 years (range 
15–19). Of the 43 patients under adult services, 
33 patients (62%) had been transferred to adult 
services via formal referral from paediatrics, 
and seven patients (13%) underwent surgery and 
commenced warfarin under adult services. Five 
patients in the cohort had become lost to follow-up 
during or after transition and were re-referred 
to adult cardiology services either following an 
acute hospital presentation or by primary care. 

The median duration of anticoagulation was 4 
years (range 0.5–18 years). The most common mode 
of anticoagulation monitoring in the past year was 
via the community laboratory service and GP (28, 
53%), followed by CPAMS point-of-care testing (11, 
21%), self-testing with CoaguChek® machines and 
paediatric cardiac nurse specialist input (8, 14%) 

Table 1: Cohort demographics (n=53). 

Variable n %

Sex

Male 31 58

Female 22 42

Ethnicity

Samoan 21 39

NZ Māori 10 19

Cook Island Māori 11 21

Tongan 9 17

Niuean 1 2

Other Pacific 1 2

Age group (as of January 2021)*

6–10 1 2

11–15 5 10

16–20 20 42

21–25 22 46

*Deaths (n=5) excluded from age range calculations. 
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Table 2: Summary of surgical management of the cohort.

Total RHD surgeries per  
person (includes repairs  
and replacements)

n %

1 28 53

2 21 40

3 4 7

Total valves operated on including repairs and replacements

1 24 44

2 21 41

3 8 15

Valve operated on

AV 18 35

MV and AV 14 25

MV, AV and TV 8 16

MV and TV 7 14

MV 6 10

Mechanical valve type

On-X 33 62

St. Jude 13 25

ATS 7 13

RHD = rheumatic heart disease; AV = aortic valve; MV = mitral valve; TV = tricuspid valve.

Table 3: Anticoagulation-related hospitalisation events.  

Type of anticoagulation-related complication leading 
to hospitalisation event 

Hospitalisation events, N=80 (%) 

Subtherapeutic INR without clinical complication 42 (52)

Supratherapeutic INR without clinical complication 12 (15)

Haemorrhage 11 (14)

Stroke 7 (9)

Other thromboembolic events 5 (6)

Prosthetic valve thrombosis 3 (4)

INR = international normalised ratio.
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and monitoring at Middlemore Hospital (5, 10%). 
One patient had point-of-care testing at a GP 
practice. Of the five patients who monitored INR 
at the hospital, two were on renal dialysis, two 
had prolonged hospitalisations and one infre-
quently monitored INR intermittently during  
hospital admissions. 

During the 5-year study period, there were 80 
anticoagulation-related hospitalisations, occurring 
in 38 individuals (72% of the cohort). 

Causes for hospitalisation included subthera-
peutic INR without clinical complication (42,52%), 
INR without clinical complication (12, 15%),  
haemorrhage (11, 14%), stroke (7, 9%), other 
thromboembolic events (5, 6%) and prosthetic 
valve thrombosis (3, 4%). One pregnant patient 
experienced foetal demise. Among the 53 indi-
viduals, 38 (72%) had ≥1 hospitalisation, and 20 
individuals had two or more hospitalisations. 
Thirty-three percent of hospitalisations were due 
to significant complications such as haemorrhage, 
stroke, other thromboembolic events and pros-
thetic valve thrombosis. Of the 26 hospitalisations 
for a major clinical complication, 15 individuals 
(58%) had a prior admission with supratherapeutic 
or subtherapeutic INR. 

Eleven hospitalisations secondary to hae-
morrhage included three patients with severe  
menorrhagia, four patients with epistaxis and 
one patient each with adnexal bleeding, per rectal 
bleeding and knee haemarthrosis. Other throm-
boembolic events were limb ischaemia, splenic 
infarction, renal pole infarction, cardioembolic 
myocardial infarction and multiple small emboli. 
All three cases of prosthetic valve thrombosis 
required prolonged hospital admissions. All the 
subtherapeutic and supratherapeutic INR admis-
sions without clinical complications required 
bridging anticoagulation or administering vitamin 
K with observation. 

Treatment adherence was challenging to 
determine from the available records. Medical  
dispensing records were used as a surrogate 
marker. Around half the cohort (21/45 individu-
als where dispensing records were available) had 
medication dispensed <5 times in the preceding 
12 months. 

The majority of patients (37/53 [70%]) presented 
with ARF, and the median age at ARF diagnosis 
was 10 years (range 3–21 years). The remaining 
16 patients presented with established RHD. Six 
patients (11%) had a documented ARF recurrence 
during the 5-year study period. All six cases with 
recurrent ARF had a history of benzathine penicillin 

non-adherence. Three ARF recurrences occurred 
post-mechanical valve replacement. 

Five deaths occurred between January 2016 
and January 2021: two in the community and 
three in hospital. The age at death for both  
community cases was 17 years. The cause of 
death was reported as “direct complications of 
RHD”, and warfarin non-adherence was men-
tioned in clinic letters. One had a sudden collapse, 
severe aortic regurgitation and long QT interval; 
the other had an enlarged heart. Of note, post- 
mortem computed tomography scans of both 
brains did not reveal intracranial bleeding. Three 
deaths occurred in hospital. All three patients 
who died in hospital had prolonged intensive care 
unit admissions, difficult anticoagulation control 
and poor cardiac function. 

Discussion
To our knowledge, this is the first published 

report to describe anticoagulation management 
practices and anticoagulation-related morbidity 
and mortality in tamariki and rangatahi following 
mechanical valve surgery for RHD in Aotearoa. 
Our study highlights the high rates of serious 
thromboembolic complications such as stroke, 
bleeding and valve thrombosis and premature 
deaths in this cohort. 

 Among the 53 tamariki and rangatahi in this 
study, almost three-quarters had at least one hos-
pitalisation. Over half of those who experienced  
significant complications had a prior hospitalisation  
for subtherapeutic or supratherapeutic INR, indi-
cating that current services are failing to optimise 
management and avert future complications. 
These findings are likely to be a conservative 
assessment of overall morbidity, as a small num-
ber of complications may have been managed 
in the emergency department without hospi-
talisation, particularly among older patients in 
the cohort. There were five RHD-related deaths 
in rangatahi between 2016 and 2021 in Counties 
Manukau. These deaths may well have been  
prevented if accessible, culturally responsive  
clinical services and enhanced patient support 
were available. 

We found that RHD patients used a vari-
ety of anticoagulation services. The most  
common method of anticoagulation monitoring 
was via the GP and community laboratory service,  
followed by CPAMS. While CPAMS has been 
previously found to provide a high standard 
of anticoagulation management in the general 
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population on warfarin,19 only 21% of this RHD 
cohort utilised CPAMS. This may be due stringent  
referral criteria, which require the person to 
have three in-range INR recordings from the GP, 
prior to referral to the CPAMS service. A small  
number of younger patients were under the care 
of the national paediatric and congenital cardiac  
service (PCCS) at Starship Children’s Hospital. 
Under PCCS, patients are provided with a free  
CoaguChek® machine and test strips. They are 
closely supported by nurse specialists to con-
duct home-based INR testing, with dosing advice 
provided by the nurse specialist team. Previ-
ous systematic reviews demonstrate that self- 
monitoring in this way is safe and results in 
reduced thromboembolic events and more time 
in the therapeutic range of INR compared to other 
monitoring modes.20,21 

It is notable that none of the available ser-
vices are integrated with the Counties Manukau 
rheumatic fever benzathine penicillin secondary 
prophylaxis service. In future, flexible referral 
pathways and widened access to point-of-care 
INR testing devices for GP clinics and community 
nurses who deliver benzathine penicillin may 
improve anticoagulation management options for 
rangatahi. 

 It is well recognised that patient experience 
of ARF and RHD clinical services in many parts 
of Aotearoa is poor, with service access and 
both interpersonal and systemic racism contrib-
uting to their poor experience.22 Future antico-
agulation services need to be designed taking 
rangatahi perspectives into consideration, and 
there is a need for qualitative research and  
quality of life measures to inform service design. 

Further work is needed to determine what  
tamariki and rangatahi would find useful to help 
support them with anticoagulation management. 
Culturally responsive frameworks, such as those 
developed in the recently completed Ministry of 
Health co-design initiative, should be used when 
developing anticoagulation services for this group 
of patients.23 Tamariki and rangatahi with RHD 
have numerous contacts with healthcare services 
and there are opportunities for future models to 
better integrate with other aspects of primary 
healthcare and ARF/RHD healthcare.24 

The high rate of complications in this cohort 
also highlights the importance of careful pre- 
operative planning for RHD valve surgery.  
Wherever technically possible, valve repair 
techniques should be used. This is particularly 
important for young women of childbearing 
potential and may also be important for young 
people who play high-level contact sports. Ideally, 
a multidisciplinary team experience in RHD man-
agement, and where possible patient preference, 
should inform surgical planning.13,14 

This was a single-centre study, and as such 
findings may not be widely generalisable beyond 
South Auckland. However, poor outcomes in this 
cohort highlight the need to understand anticoag-
ulation service models and outcomes around the 
country for other RHD patients following valve 
replacement surgery. A national stocktake of ARF/
RHF tertiary services would identify regional 
variation in services, and it is likely that patients 
living in rural areas and under-served urban  
centres experience the greatest barriers to  
accessing anticoagulation services. 
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Electric scooter–related orthopaedic 
injuries in Wellington
Wing Yung Agnes Chu, Michael T Lee, Ilia Elkinson

abstract 
aim: Commercially operated electric scooters (e-scooters) were introduced to Wellington City in June 2019. This study aims to compare 
e-scooter–related orthopaedic injuries presenting to Wellington Hospital from June 2017 to June 2021, with data from other regions 
of New Zealand.
methods: The Wellington Hospital Accident Compensation Corporation Department provided a list of e-scooter–related claims  
presenting to Wellington Hospital over the 48-month period. A retrospective review was performed. Data were collected for patient 
demographics, circumstances of injury, management and follow-up. A single investigator reviewed all relevant imaging. 
results: Between June 2017 and 2019, there were 14 e-scooter–related presentations with a total of two orthopaedic fractures in 
a single patient. Over the 2 years following June 2019, there were 295 e-scooter–related presentations. One hundred and seventeen 
patients sustained a total of 145 orthopaedic fractures. Twenty-nine percent of orthopaedic fractures required operative management. 
Intoxicated riders had a higher rate of open long bone fractures (p=0.003).
conclusion: Orthopaedic injuries are common with e-scooter use. Higher rates of orthopaedic fractures in Wellington City require 
operative management compared with Auckland. The establishment of regulations and education around use of personal protective 
equipment, use while intoxicated and speed limits would also be beneficial.

E lectric scooters (e-scooters) have emerged 
as a novel and accessible mode of transport. 
Worldwide, patterns of e-scooter–associated 

injuries are emerging, where minor contusions, 
abrasions and lacerations are the most common. 
This is followed by fractures or other orthopaedic 
injuries, particularly among young male riders.1–4 
Drug and alcohol use, in conjunction with lack 
of helmet use, has also been shown to increase 
injury severity, hospital length of stay and need 
for surgical intervention.5

In New Zealand, e-scooters are classified 
as low-powered vehicles.6 E-scooter riders do 
not require a driver’s licence and helmets are 
not legally required.6 Commercially operated 
e-scooters can travel up to 25 kilometres per 
hour.7 Since their introduction in New Zealand, 
Brownson et al. investigated the epidemiology 
of these injuries in the Auckland Region, with 
41.7% of their cohort sustaining fractures.1 Of 
those requiring orthopaedic operative manage-
ment, the total economic cost was estimated to be 
NZ$19,282 per person.8

On 18 June 2019, 800 commercial e-scooters 
were introduced to Wellington City as part of an 
18-month trial.9 Not only known for its wind, Wel-
lington City also has a unique geography. Being 
surrounded by hills, this densely populated city is 
filled with narrow and tortuous roads. By design 

of its small wheels, e-scooters may be suscepti-
ble to instability in such an environment.8,10 The 
primary aim of this study is to compare e-scooter–
related orthopaedic injuries presenting to  
Wellington Regional Hospital with known data 
from other regions of New Zealand. Secondary 
aims are to compare presentations in the 2 years 
preceding and following the introduction of 
commercial e-scooters, and to assess resources 
required for investigation and management.

Method
A retrospective chart review of all e-scooter–

related injuries presenting to the Wellington Emer-
gency Department over a 48-month period (June 
2017 to June 2021) was performed. This period 
included 24 months prior to the introduction of 
commercial e-scooters (June 2017 to June 2019) 
and the 24 months after its introduction. Ethics 
approval was granted by the New Zealand Health 
and Disability Ethics Committees (Reference 2024 
EXP 20944).

The Wellington Hospital Accident Compensa-
tion Corporation (ACC) Department provided a 
list of presentations to the Wellington Emergency 
Department with claims related to “scooter”. 
The list was then screened manually to confirm  
relevance to e-scooters. E-scooters were defined 
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as scooters with a foot board, steering handle, two 
to three wheels and an electric motor. Mopeds or 
non-motorised scooters were excluded.

Using the screened list, we generated a list of 
National Health Indexes (NHIs) appropriate for 
review. These NHIs were then searched on the 
local electronic patient record system, known as 
the Medical App Portal (MAP). MAP allows access 
to patient data across the Wellington Region  
hospitals, which includes the Wellington Regional, 
Hutt and Wairarapa hospitals. Information was 
collected on patient demographics, including age, 
gender and ethnicity. Data on time and method of 
presentation, as well as circumstances of injury, 
considering mechanism, presence of personal 
protective equipment and intoxication were also 
collected. Alcohol involvement is a compulsory 
question prior to discharge from the electronic 
system of the Wellington Emergency Department. 
In instances where details were not documented, 
due to acuity or other reasons, these were noted 
as “no record”.

Injuries were classified as non-orthopaedic frac-
tures, orthopaedic fractures and orthopaedic soft 
tissue injuries. Fractures involving the skull, facial 
bones, ribs and teeth were not considered ortho-
paedic fractures for the purpose of this review. 
To note, a fracture diagnosis could only be made  
following physical examination and imaging.  
Relevant imaging of all modalities was retro- 

spectively reviewed by a single investigator. Data 
on acute admission, type of operative manage-
ment, clinic appointments, readmission and com-
plications were also collected.

Statistical analysis was performed using  
frequency and percentage for categorical  
variables and mean with standard deviation for 
continuous variables.

Results 
Between 17 June 2017 and 17 June 2019, 14 

e-scooter–related presentations were identified. 
There was a total of two orthopaedic fractures 
in a single patient. These were managed non- 
operatively and the patient was discharged from  
fracture clinic with no complications.

Between 18 June 2019 and 18 June 2021, there 
were 295 e-scooter related presentations. The 
monthly number of presentations is presented 
in Figure 1. As shown in Table 1, 177 of these 
patients identified as male. The most common age 
group was 20–29 years of age. The first quarter of 
the day had a significantly lower number of pre-
sentations compared with the remaining quarters  
(Chi-squared test, p=0.006). Alcohol was involved 
in 30.5% of male presentations and 15.3% of female 
presentations. Falling from the e-scooter was the 
most common mechanism of injury. No deaths 
were observed at 90 days post-presentation.

Figure 1: Trend of electric scooter presentations to Wellington Emergency Department 18 June 2017–2021.
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Table 1: Characteristics of the study cohort June 2019–2021.

Entire cohort (n=295) Male (n=177) Female (n=118)

Age (years) 33.00±14.60 33.68±14.99 31.98±13.92

<19 40 (13.6%) 23 (13.0%) 17 (14.4%)

20–29 107 (36.3%) 64 (36.2%) 43 (36.4%)

30–39 68 (23.1%) 39 (22.0%) 29 (24.6%)

40–49 38 (12.9%) 24 (13.6%) 14 (11.9%)

50–59 23 (7.8%) 15 (8.5%) 8 (6.8%)

>60 19 (6.4%) 12 (6.8%) 7 (5.9%)

Ethnicity

NZ European 164 (55.6%)

NZ Māori 23 (7.8%)

Pacific peoples 7 (2.4%)

Other European 55 (18.6%)

Asian 37 (12.5%)

Other 9 (3.1%)

Presentation

Ambulance 79 (26.8%) 49 (27.7%) 30 (25.4%)

Self/other non-ambulance 216 (73.2%) 128 (72.3%) 88 (74.6%)

Triage time

0000–0559 41 (13.9%) 29 (16.4%) 12 (10.2%)

0600–1159 75 (25.4%) 39 (22.0%) 36 (30.5%)

1200–1759 91 (30.8%) 57 (32.2%) 34 (28.8%)

1800–2359 88 (29.8%) 52 (29.4%) 36 (30.5%)

Personal protective equipment

Yes 24 (8.1%) 14 (7.9%) 10 (8.5%)

No 16 (5.4%) 8 (4.5%) 8 (6.8%)

No record 255 (86.4%) 155 (87.6%) 100 (84.7%)

Alcohol

Yes 72 (24.4%) 54 (30.5%) 18 (15.3%)

No 194 (65.8%) 108 (61.0%) 86 (72.9%)

No record 29 (9.8%) 15 (8.5%) 14 (11.9%)
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Entire cohort (n=295) Male (n=177) Female (n=118)

Mechanism

Rider

Fall from e-scooter 238 (80.7%) 140 (79.1%) 98 (83.1%)

Stop/start 13 (4.4%) 8 (4.5%) 5 (4.2%)

Hit object 19 (6.4%) 16 (9.0%) 3 (2.5%)

Hit by moving object 11 (3.7%) 7 (4.0%) 4 (3.4%)

Non-rider

Hit by e-scooter 8 (2.7%) 3 (1.7%) 5 (4.2%)

Tripped over e-scooter 2 (0.7%) 1 (0.6%) 1 (0.8%)

Other 4 (1.4%) 2 (1.1%) 2 (1.7%)

Table 1 (continued): Characteristics of the study cohort June 2019–2021.

Table 2: Orthopaedic fractures and management.

Number of fractures Non-operative‡ Operative‡

Upper limb n=107 n=88 n=19

Clavicle 8 8 (100%) 0

Scapula 2 2 (100%) 0

Humerus 12 8 (66.7%) 4 (33.3%)

Proximal radius/ulna 33 31 (93.9%) 2 (6.1%)

Both bone forearm|| 4 (2)† 2 (50%) 2 (50%)

Distal radius/ulna 23 16 (69.6%) 7 (30.4%)

Scaphoid 7 7 (100%) 0

Other carpal bones 5 5 (100%) 0

Metacarpals 11 8 (72.7%) 3 (27.3%)

Phalanges 2 1 (50%) 1 (50%)

Lower limb n=36 n=15 n=23

Femur 2 0 2 (100%)

Patella 1 1 (100%) 0

Tibia§ 9 (2)† 0 11 (100%)

Fibula 3 (2)† 3 (100%) 0

Malleolar 10 4 (40%) 6 (60%)
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Of the 295 presentations since 18 June 2019, 
54 patients sustained minor contusions, abra-
sions and lacerations. Forty-seven patients were 
diagnosed with a head injury and 28 patients  
sustained dental trauma. There were 11 patients 
with fractures of the skull or facial bones, and 
seven patients with rib fractures. 

Regarding orthopaedic injuries, 13 patients  
sustained soft tissue injuries, such as patella  
tendon rupture. Two of these patients required 
surgery. A total of 145 orthopaedic fractures were 
diagnosed in 117 patients. Nine patients had pure 
joint dislocations without fracture.

Of the 107 upper limb fractures, fractures of 
the proximal radius/ulna were the most common 
(30.8%), followed by distal radius/ulna fractures 
(21.5%). Fifty-four point eight percent of radial 
head/neck fractures and 58.8% of distal radius 
fractures were intra-articular. Eighty-two point 
two percent of upper limb fractures were managed 
non-operatively, as demonstrated in Table 2. One 
patient had planned removal of metalware, and 
three patients had surgical complications. One 
readmitted for pain, one readmitted for wound 
infection and one referred to private orthopaedic 
surgeons with avascular necrosis. Further details 
on patients requiring readmission are included in 
the Appendix.

Of the 36 lower limb fractures, malleolar frac-
tures were the most common (27.8%), followed 
by fractures of the tibia (25%). Fifty-eight point 
three percent of lower limb fractures required 
operative management. All femur and tibia  
fractures resulted in operative management, with 

two tibia fractures requiring an external fixator 
prior to open reduction internal fixation. Two 
patients had planned removal of metalware in the 
public hospital and two patients were referred to 
private orthopaedic surgeons for the same. One 
patient developed septic arthritis following open 
reduction internal fixation of their tibial plateau 
fracture, resulting in two reoperations followed 
by a stitch abscess.

Assessing the effect of alcohol on the severity 
of long bone fractures, there were 14 long bone 
fractures sustained while intoxicated and 81  
fractures sustained with no/unknown alcohol 
intake. Of the fractures sustained while intoxicated,  
50% of these were intra-articular and 28.5% were 
open fractures. In the no/unknown alcohol group, 
55.6% of fractures were intra-articular and 2.5% 
were open. The difference in open fractures 
between the two groups were statistically signif-
icant (Fisher’s exact test, p=0.003).

Of the 61 advanced imagings performed 
acutely within the Wellington Region hospitals, 
38 were performed to evaluate orthopaedic inju-
ries. Of these, 37 were computerised tomography 
(CT) scans and one was an magnetic resonance  
imaging (MRI) scan to evaluate for soft tissue 
knee injury. In the follow-up period, five scans 
were performed to assess for complications, e.g.,  
ultrasound for deep vein thrombosis to CT to 
assess for union.

There were 40 admissions to Wellington 
Regional Hospital, with one to neurosurgery, 
one to general surgery and two to urology. The 
remaining 36 presentations resulted in acute 

Number of fractures Non-operative‡ Operative‡

Tarsal bones 2 1 (50%) 1 (50%)

Metatarsals 7 4 (57.1%) 3 (42.9%)

Phalanges 2 2 (100%) 0

Spine

Transverse/spinous 
process

2 2 (100%) 0

‡ Percentage of particular fracture included in parentheses.
||Two cases of both bone forearm fractures.
†Number of open fractures included in parentheses. 
§External fixators prior to open reduction internal fixation in two cases. 

Table 2 (continued): Orthopaedic fractures and management.
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(72.2%) or planned-acute (27.8%) admissions 
under the orthopaedic service. For this group, 
range of stay was 0–27 days, with a median of 
2.5 days. Eight patients required readmission. The 
total acute surgical time at Wellington Hospital  
was 3,393 minutes from surgical incision to  
closure, with a further 126 surgical minutes 
for planned removal of metalware or further 
surgeries related to complications. Ninety-three 
patients were seen at the Wellington Fracture 
Clinic with a total of 253 clinic appointments.

Discussion 
E-scooters are an accessible and convenient 

mode of transport. However, as illustrated by our 
study, orthopaedic injuries are common. In our 
cohort, 39.7% were diagnosed with orthopaedic  
fractures. While this is similar to the 37.2% 
described in the 2019 Auckland study by Brownson 
et al., 29.0% of orthopaedic fractures in our study 
required operative management, compared to the 
15.0% found in the Auckland study.1 Our study, 
as well as identifying 4.1% of total fractures as 
open fractures, also assessed further markers of 
high-energy trauma, such as fracture–dislocations 
and intra-articular involvement. 

While blood alcohol level is not routinely  
measured, the Wellington Hospital Emergency 
Department electronic documentation system 
requires the discharging clinician to comment on 
alcohol involvement for every patient, whether 
trauma-related or not. In our cohort, alcohol 
was involved in approximately one quarter of  
presentations. This is again comparable to Brown-
son’s study in Auckland.1 Across Australasia, 
intoxication rates as high as 46% have also been 
observed.11 With our study showing a higher rate 
of open long bone fractures in intoxicated riders, 
this calls for further regulations or education to 
prevent e-scooter use while intoxicated.

Our study observed radial head/neck fractures 
to be the most common upper limb fracture. A 
fall onto an outstretched hand can produce such 
an injury, and this is in keeping with our cohort’s 
young mean age and most common mechanism 
of injury of rider fall. Only 8.1% of our cohort 
was wearing personal protective equipment at 
the time of injury. The low numbers are similar 
to that observed in other trauma centres, and 
are unsurprising given helmet use is not legally 
enforced in New Zealand.12 

Our study found a stark difference in the  
number of e-scooter–related injuries since the intro-

duction of commercially operated e-scooters in  
Wellington City. For fractures alone, there were 
two prior to their introduction, compared with 
the 145 noted in the 2 years following their intro-
duction. This difference is likely dulled by the 
social effects of COVID-19 between 2020 and 2021, 
as supported by the low number of presentations 
around the lockdown periods. In our study, rid-
ers presenting in the post-introduction period 
were not classified into private and commercial 
e-scooter groups. While this is a limitation due 
the study’s retrospective nature, it is known that 
private and commercial e-scooter riders have 
different user profiles, with an Australian study 
demonstrating a higher prevalence of illegal  
riding in commercial e-scooter users.13 The large 
increase in the number of injuries seen is there-
fore likely from users of commercial e-scooters.

In the 2018 Census, 74.1% of the Wellington City 
population identified as European, 8.6% as Māori, 
5.1% as Pacific peoples and 18.3% as Asian.14 Our 
study reflects a similar proportion of European and 
Māori patients (74.2% and 7.8% respectively), but 
found a lower percentage of patients identifying as 
Pacific peoples or Asian. While this may represent 
a true difference in the number of injuries, this 
may also indicate differences in injury severity 
or preference for accessing primary care. A 2020 
study in Auckland found 68.1% of patients with 
e-scooter injuries presented to primary care.15 
This indicates that the total number of e-scooter 
injuries and associated socio-economic cost are 
much higher than shown by our study.

Our study has redemonstrated the resource- 
intensive nature of e-scooter injury management. 
In our cohort, 36 patients required hospital admis-
sion and 42 fractures were managed operatively. 
With the average study participant being 33 years 
of age, such injuries often result in time off work 
or reduced duties, both of which have financial 
and productivity implications as demonstrated 
by Campbell et al.8 While our study focussed 
on orthopaedic injuries alone, it is important to 
acknowledge that head and facial injuries, as well 
as minor contusions, abrasions and lacerations are 
also common in e-scooter–related presentations, 
and can be a source of morbidity.2,16–18 

This study has a number of limitations. It is 
a retrospective review, whereby accuracy of 
our data is dependent upon the quality of prior  
documentation. In addition, data collection was 
carried out by a single unblinded investigator. 
While this promotes consistent data interpretation,  
it is also a source for potential bias. Furthermore, 
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ACC data on mechanism of injury are reliant on 
details recorded by the patient and clinician. 
This, together with the high number of e-scooter  
injuries presenting to primary care, suggests the 
true burden of these injuries is much higher than 
that found in our study.

E-scooters are an increasingly popular  
transport option. Their unique user profile and  
accessibility create a new mechanism and pat-
tern of orthopaedic injuries. The mountainous  
landscape of Wellington City poses new challenges 
in maintaining rider safety, where orthopaedic  

fractures in Wellington are almost twice as 
likely to require operative management as those 
in Auckland. Orthopaedic soft tissue injuries  
further add to the burden. Assessment and 
management of these injuries are also resource 
intensive. Future studies can further assess the 
economic cost of e-scooter injuries in Wellington, 
as well as the relationship between e-scooter 
models and risk of fall. The establishment of  
regulations and education around use of personal 
protective equipment, use while intoxicated and 
speed limits would also be beneficial.
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Appendix

Appendix Table 1: Table of patients requiring readmission.

Patient No. admissions LOS LOS total
Readmission 
reason

A 2 0+3 3
Post-operative 
wound infection

B 2 2+1 3 Nil

C 3 2+2+1 5 Post-operative pain

D 2 4+12 16
Post-operative 
knee septic arthritis 
(closed initial injury)

E 2 1+2 3 Nil

F 3 1+1+0 2
Removal of 
metalware

G 2 2+0 2 Removal of k-wires

H^ 2 1+0 1
Removal of de- 
functioning wire

NO. = number; LOS = length of stay.
Admission with operation highlighted in bold. 
^Soft tissue knee injury.

Appendix Figure 1: Age of patients presenting with electric scooter injuries 18 June 2019–2021.
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Proton pump inhibitors in cirrhosis: 
a retrospective five-year analysis 
of increased risks of hepatic 
decompensation and infections
Abhimati Ravikulan, Natalie Russell, Christin Coomarasamy, Ashok Raj

abstract
aim: Proton pump inhibitors (PPIs) are widely used in cirrhotic patients, often without a clear indication. Evidence links PPI use to 
adverse outcomes such as hepatic encephalopathy and spontaneous bacterial peritonitis. This study analyses outcomes associated 
with PPI use in cirrhosis over 5 years at a New Zealand tertiary centre.
methods: This retrospective study included all patients diagnosed with liver cirrhosis at Counties Manukau Health in 2014. Patients 
were divided into two groups: those taking PPIs and those not taking PPIs. Demographic data, relevant blood tests and cumulative 
PPI doses were recorded. Outcomes such as mortality, liver-related events (hepatic encephalopathy, spontaneous bacterial peritonitis,  
variceal bleeding and ascites) and infections were monitored over 5 years. Logistic regression analyses calculated odds ratios (ORs) 
for the association of PPI usage with outcomes, adjusting for age, comorbidities, medications, aetiology of cirrhosis and liver disease 
severity.
results: Of 392 patients, 304 (77%) received PPIs and 88 (23%) did not. Only 31% had a clear indication for PPI use. PPI users had 
higher comorbidity and liver disease severity. Adjusted analysis showed no significant difference in all-cause mortality (29.9% vs 
19.3%, p=0.67) or liver-related mortality (35.2% vs 17.6%, p=0.37). However, there were higher liver-related events (30.9% vs 10%, OR 
2.9, p=0.046) and all-cause infections (30.9% vs 11.2%, OR 2.4, p=0.024).
conclusion: PPI use in cirrhosis is linked to hepatic decompensation and higher infection risk. Judicious PPI use with clear indications 
is essential.

P roton pump inhibitors (PPIs) are among 
the most commonly prescribed medica-
tions worldwide, valued for their efficacy in 

managing symptoms from acid-related diseases. 
They are particularly effective in controlling  
conditions such as gastro-oesophageal reflux  
disease, peptic ulcer disease and for the treatment 
of Helicobacter pylori infections when used in 
combination with antibiotics.1

In patients with chronic liver disease, PPIs 
are often prescribed, albeit frequently with-
out a definitive indication. A review conducted 
in 2017 suggests that up to 60% of chronic liver  
disease patients receiving PPIs do so without clear  
clinical justification.1 The commonly approved 
indications for PPI use in this demographic 
include peptic ulcer disease, variceal bleeding 
and reflux disease.1,2

Emerging evidence has highlighted potential 
adverse outcomes associated with PPI use in 
patients with cirrhosis, a severe form of chronic 
liver disease. Notably, studies have indicated 

an elevated risk of hepatic encephalopathy and 
spontaneous bacterial peritonitis in this patient 
group.3,4 These findings suggest that while PPIs are 
effective for their intended uses, their application 
in cirrhotic patients may necessitate cautious  
consideration due to these potential risks.

Additionally, there is a broader concern among 
clinicians regarding the association of PPI use 
with an increased risk of all-cause infections.2 This 
is particularly relevant in the context of chronic 
liver disease, where patients are already at height-
ened risk of infections due to compromised liver  
function and other comorbidities.

Despite the global insights into the risks of PPI 
use in chronic liver disease, there is a notable  
paucity of data specific to New Zealand. This 
lack of localised data is significant given the high  
prevalence of chronic liver disease within the 
New Zealand population. Understanding the 
implications of PPI use in this setting is critical  
for optimising patient outcomes and guiding  
clinical practice.
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This study aims to fill this gap by analysing 
the outcomes associated with PPI use in patients 
with cirrhosis over a 5-year period at a major  
tertiary centre in New Zealand. By examining  
mortality rates, the incidence of liver-related  
events and infection rates, this research seeks to 
provide valuable insights into the safe and effective 
use of PPIs in the management of chronic liver  
disease within the New Zealand healthcare 
context.

Methods
This retrospective observational study  

analysed data from patients presenting with 
chronic liver disease at Middlemore Hospital in 
Auckland, either as inpatients or outpatients, 
in the year 2014. Ethical approval was obtained 
from the Health and Disability Ethics Committee.

Patients diagnosed with liver cirrhosis were 
identified using the International Classification 
of Diseases 10th Revision (ICD-10) coding for a 
diagnosis of “cirrhosis” or “chronic liver disease” 
from electronic patient records for the year 2014. 
The cohort was divided into two groups: those 
who received PPI therapy and those who did not. 
Both groups were followed over a 5-year period 
to monitor primary and secondary outcomes. The 
primary outcome was mortality, while secondary 
outcomes included incidences of hospitalisations 
due to hepatic decompensation (such as hepatic 
encephalopathy, ascites, variceal bleeds) and  
all-cause infections (including spontaneous bacte-
rial peritonitis).

Inclusion criteria required patients to have a 
clear ICD-defined diagnosis of cirrhosis. Exclusion 
criteria were not specifically outlined; however, 
only patients meeting the diagnostic criteria were 
included. Data already collected as part of patient 
management at Middlemore Hospital were 
utilised.

Baseline data extracted for both groups included 
demographics (age, gender, ethnicity), causes of 
cirrhosis, comorbidities (including ischemic heart 
disease, heart failure, renal disease, chronic 
obstructive pulmonary disease, asthma, hepatocel-
lular carcinoma [HCC] and non-HCC malignancy), 
relevant blood test results (liver function tests, full 
blood count, renal function) and concurrent medi-
cations. The severity of liver disease in both groups 
was assessed using the Child–Pugh and MELD 
scores. This was used in analysis to correct for liver 
disease severity. The Charlson Comorbidity Index 
was employed to evaluate the systemic health 

of patients with cirrhosis. Indications for PPIs  
prescribed were also collected. 

Patients in the PPI group had their PPI therapy 
classified by dose, duration and type of PPI. In 
New Zealand, only three types of PPIs are avail-
able (omeprazole, pantoprazole and lansopra-
zole). Medication exposure was quantified using 
the defined daily dose (DDD) recommended by the 
World Health Organization, which represents the 
assumed average maintenance dose per day for 
a drug used for its main indication in adults. For 
the purpose of this study, the maintenance dose 
was defined as omeprazole 20mg. Consequently, 
20mg of omeprazole taken once daily for 3 months 
equated to a cumulative defined daily dose (cDDD) 
of 3 months. Potency equivalence among the three 
PPIs was standardised as omeprazole 20mg = pan-
toprazole 40mg = lansoprazole 30mg.

Primary outcomes recorded for this study were 
mortality in the PPI group vs non-PPI group. This 
was split into all-cause mortality and liver-related 
mortality (as identified by the primary cause of 
death recorded on patient file pertaining to their 
chronic liver disease). 

Secondary outcomes recorded included  
incidence of liver-related events such as sponta-
neous bacterial peritonitis, hepatic encephalop-
athy, variceal bleeding and ascites that required 
hospital admission in the PPI group vs non-PPI 
group.

Furthermore, primary and secondary  
outcomes were analysed in the PPI group with 
respect to cDDD and whether increased cumula-
tive exposure to PPIs increased risk of mortality 
of liver-related events. 

Statistical analysis
Demographic and clinical characteristics were 

presented as counts and proportions for categorical 
variables and as means with standard deviations 
or medians with interquartile ranges for continu-
ous variables. For comparisons between groups, 
analysis of variance (ANOVA) or Kruskal–Wallis 
tests were utilised for continuous variables, and 
Chi-squared or Fisher’s exact tests were employed 
for categorical variables, as deemed appropriate. 
Logistic regression analyses were conducted to 
calculate the odds ratio (OR) with a 95% confi-
dence interval (CI) of the association between PPI 
use and the outcomes. The model was adjusted 
for demographic characteristics, causes of liver  
disease, comorbidities, liver function tests and 
medications to determine if the difference in PPI 
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use and any risk factors remained significantly 
associated with the outcomes. Model selection 
was performed using forward and backward 
selection methods, retaining those risk factors 
with a p-value of less than 0.15 in the model. A 
two-tailed p-value of less than 0.05 was consid-
ered statistically significant. 

Association between PPI dose and 
mortality

A multivariable logistic regression model was 
employed to assess the relationship between cumu-
lative PPI dose (cDDD) and liver-related mortality. 
The dependent variable was mortality (binary: 1 
= death, 0 = survival), while the independent vari-
ables included cDDD and covariates such as age, 
Charlson Comorbidity Index, aetiology of cirrhosis, 
cirrhosis severity, antiviral use and beta-blocker 
use. A constant term was added to the model, and 
ORs with 95% CIs were calculated for each covariate. 
Statistical significance was determined using a 
p-value threshold of <0.05.

Association between PPI dose and liver-
related events

To evaluate the association between cDDD and 
liver-related events (ascites, hepatic encephalop-
athy, spontaneous bacterial peritonitis, variceal 
bleeding and other infections) Poisson regression 
models were used. Each event was treated as a count 
outcome (e.g., number of occurrences per patient). 
The predictor variables included cDDD, age, Charl-
son Comorbidity Index, cirrhosis severity, aetiology 

of cirrhosis, antiviral use and beta-blocker use. A 
log link function was used to model the relation-
ships, and the coefficients were exponentiated to 
produce incidence rate ratios. The statistical signif-
icance of the association between cDDD and each 
outcome was evaluated using a p-value threshold 
of <0.05.

All statistical analyses were carried out using 
the Statistical Analysis Software version 9.4 (SAS 
Institute, Cary, North Carolina).

Results
Overall results

A total of 392 patients diagnosed with  
cirrhosis were included in this study. Of these, 304 
patients (78%) were administered PPIs, while 88 
patients (22%) were not. The mean duration of PPI 
usage was approximately 71 months (standard 
deviation 88), encompassing use for up to a year 
prior to the commencement of the study.

Within the PPI group, only 32% (n=60; pep-
tic ulcer disease n=23; variceal bleeding n=8;  
gastro-oesophageal reflux disease n=29) of patients 
were prescribed PPIs for an evidence-based 
indication. Seventy percent of patients (n=216)  
were prescribed PPI therapy for unspecified  
indications. The remaining patients were  
prescribed PPI therapy for non-evidence-based 
indications, including non-ulcer-related gastro-
intestinal bleeding, dyspepsia and oesophagitis 
unrelated to reflux disease (Figure 1).

Figure 1: Indications for proton pump inhibitor (PPI) use.
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Table 1: Baseline demographics.

PPI (N=304) Non-PPI (N=88) p-value

Age (mean) 60 58 0.06

Sex (%) 65 (M); 35 (F) 68 (M); 32 (F) 0.635

Biochemistry 

(Median [range]):

ALT (U/L)

Bilirubin (µmol/L)

Albumin (g/L)

Prothrombin ratio 

Platelet count (x109)

34 (8–555)

14 (4–401)

40 (14–51)

1 (0.8–3.7

156 (23–472)

30 (10–165)

11 (4–70)

42 (27–48)

1 (0.9–2.3)

178 (77–468)

0.049

0.015

0.013

0.001

0.007

MELD score (Median [range]) 7 (6–37) 6 (6–24) 0.000

Child–Pugh Score (N [%]):

A

B

C

229 (75.3)

64 (21.1)

11 (3.0)

79 (89.8)

9 (10.2)

0 (0)

0.010

Aetiology (N [%]):

Hepatitis B

Hepatitis C

Alcohol

NASH

Autoimmune

Other

101 (33.2)

60 (19.7)

77 (25.3)

58 (19.1)

12 (4)

30 (10)

43 (48.9)

24 (27.3)

11 (12.5)

9 (10.2)

1 (1.1)

6 (6.8)

0.007

0.129

0.011

0.052

0.313

0.383

Comorbidities (N [%]):

IHD

CCF

COPD

Renal

Malignancy

Charlson Comorbidity Index 
(Median [IQR])

HCC 

20 (6.6)

14 (4.6)

16 (5.2)

40 (13.2)

29 (9.5)

5 (3.5–7) 

28 (9.2)

1 (1.1)

3 (3.4)

2 (2.3)

6 (6.8)

3 (3.4)

4 (3–5.5)

10 (11.36)

0.057

0.773

0.385

0.104

0.064

0.002

0.548
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Baseline characteristics
The average age of patients across both cohorts 

was 59 years and was comparable between the 
groups. At baseline, patients in the PPI group 
had more severe liver disease as seen by the 
liver function markers, MELD score (p=0.000) and 
Child–Pugh score (p=0.010) for the patients in this 
group. 

Hepatitis B was the most common cause of  
cirrhosis in both groups, followed by alco-
holic liver disease. There was a marginally 
higher prevalence of hepatitis B in patients not 
exposed to PPIs (p=0.007), while alcoholic liver  
disease was more prevalent in those exposed to 
PPIs (p=0.011).

More patients in the PPI group were also on a 
non-selective beta blocker agent (p=0.034) com-
pared to the non-PPI group. This is likely to reflect 
the more severe nature of liver disease in these 
patients with complications such as portal hyper-
tension and variceal bleeding.

Regarding comorbidities, the overall Charlson 
Comorbidity Index score indicated a higher 
comorbidity burden in the PPI group (p=0.002) 
compared to the non-PPI group (Table 1).

Outcomes
The primary outcome assessed was mortality. 

Ninety-one patients (30%) in the PPI group died 
during the 5-year follow-up period, compared 
with 17 patients (19%) in the non-PPI group. After 
adjusting for confounding factors significantly 
different at baseline and factors significant on 
univariate analysis (age, aetiology of cirrhosis, 

Charlson Comorbidity Index, medications), the 
final multivariate adjusted ORs indicated no sig-
nificant difference in mortality between the two 
groups (OR 0.85, p=0.668) (Figure 2).

The primary outcome was further analysed 
looking specifically at liver-related deaths. Of the 
patients who had died during observation period, 
32 deaths (35.2%) were attributed to liver-related 
causes in the PPI group and three deaths (17.6%) 
were attributed to liver-related causes in the non-
PPI group. After adjusting again for confounding 
variables, the final OR and p-value indicated no 
statistical difference in liver-related mortality 
between both groups (OR 1.79; p=0.365) (Figure 3).

The secondary outcome evaluated was the 
number of hospitalisations due to hepatic 
decompensation and all-cause infections over 
the 5-year follow-up period. There were 94 
(31%) hospital admissions in the PPI group and 
nine (10%) admissions in the non-PPI group. 
The multivariate adjusted analysis revealed a 
significant difference in hospital admissions 
between the groups (OR 2.95, p=0.046). Further-
more, the incidence of infections was statistically  
significant between the groups, with 94 (30%)  
hospital admissions for infections in the PPI group 
and 10 (11%) admissions in the non-PPI group (OR 
2.42, p=0.025) (Figure 4, Figure 5).

Outcomes with cDDD
Primary and secondary outcomes were further 

analysed in the PPI group with respect to cumulative 
dose exposure to PPIs using the cDDD.

When mortality in the PPI group was analysed 

Medications (N [%]):

H2 receptor blocker

Hepatitis B antiviral

Hepatitis C antiviral

Metformin

Statins

Antiplatelets

Non-selective beta-blocker

Antihypertensive

1 (0.3)

84 (27.6)

2 (0.7)

52 (17.1)

82 (27.0)

58 (19.1)

38 (12.5)

113 (37.2)

0 (0)

39 (44.3)

0 (0)

11 (12.5)

17 (19.3)

14 (15.9)

4 (4.6)

31 (35.2)

0.950

0.003

0.950

0.300

0.146

0.499

0.034

0.739

PPI = proton pump inhibitors; ALT = alanine transaminase; NASH = non-alcoholic steatohepatitis; IHD = ischaemic heart disease; 
CCF = congestive cardiac failure; COPD = chronic obstructive pulmonary disease; IQR = interquartile range; HCC = hepatocellular 
carcinoma.

Table 1 (continued): Baseline demographics.
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Figure 2: All-cause mortality PPI vs non-PPI.

Figure 3: Liver-related mortality PPI vs non-PPI.



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2025 May 2; 138(1614). ISSN 1175-8716
https://www.nzmj.org.nz/ ©PMA 

article 76

Figure 4: Hepatic decompensation events PPI vs non-PPI.

Figure 5: All-cause infections PPI vs non-PPI.
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using logistic regression, with other factors cor-
rected for, there was a small statistically significant 
decrease in mortality in the PPI group (OR 0.0044, 
p=0.037). 

When liver-related events were analysed using 
Poisson regression in the PPI group with other 
factors corrected for, it was found that cumulative 
PPI use is significantly associated with increased 
risk of all liver-related events and other infections 
(Table 2).

Discussion
In this study conducted in a tertiary centre, 

we observed a significant association between 
the use of PPIs and the incidence of infections 
in patients with liver cirrhosis. Specifically, the 
literature supports a link between PPI use and 
spontaneous bacterial peritonitis, which may 
be attributed to bacterial dysbiosis caused by  
alterations in the gut microbiome.5–8 PPIs disrupt 
the normal gut flora by altering gastric pH, lead-
ing to bacterial overgrowth and changes in the  
microbiome composition.5–8 These changes can 
compromise the intestinal barrier, facilitating  
bacterial translocation into the bloodstream.5–8 
This mechanism might explain the higher  
incidence of infections, such as spontaneous 
bacterial peritonitis, and an increased risk of 
hepatic encephalopathy observed in PPI users 
with cirrhosis.8,9 It is worth noting that our study 
demonstrates an increased risk of infections and 
liver-related events with cumulative increase 
in PPI dose, further supporting this hypothesis. 
One study carried out in Singapore also looked 
at cDDD of PPI in cirrhosis and found increased 

events of hepatic decompensation.10 Our study is 
in accordance with these findings. 

Our study does not reflect a significant increase 
in mortality associated with PPI use, and in fact 
our study suggests a slight decrease in mortality  
associated with increasing cumulative dose of 
PPIs. Previous studies have suggested that PPI 
use may be associated with increased mortality 
in patients with cirrhosis. Dultz et al.11 reported 
PPI use to be an independent predictor of  
mortality in cirrhosis. The study carried out in 
Singapore also showed an increase in mortal-
ity with increased cumulative dose exposure to 
PPI.10 However, this was within an observation 
period of 1 year. Another retrospective study 
performed in Scotland showed no difference in 
mortality between PPI users and non-PPI users.12 
A further retrospective study carried out in Tai-
wan looked specifically at mortality in patients 
admitted with hepatic encephalopathy on PPIs and 
reported an increased short-term and long-term 
mortality risk.13 It is difficult to make confident con-
clusions on the association between PPI use and 
mortality in chronic liver disease patients. Some 
studies have demonstrated an increased risk while 
others have not. A vast majority of these studies 
are retrospective in nature and as such correcting 
for confounding factors will be challenging to 
establish clear association. This was explored by 
China et al.14 in a post hoc analysis of a large multi- 
centre randomised trial (the ATTIRE trial) of patients 
with cirrhosis. The outcomes of this analysis  
were that there was no significant increase in 
infections, renal disease or mortality in patients 
taking PPI therapy, but the study acknowledged 
the large real-world difference in baseline  

Table 2: Cumulative dose association with liver-related outcomes in the proton pump inhibitor group.

Outcome
Cumulative defined 
daily dose coefficient

Odds ratio p-value

Ascites 0.0046 1.005 <0.001

Hepatic encephalopathy 0.0053 1.005 <0.001

Spontaneous bacterial 
peritonitis

0.0024 1.002 0.029

Variceal bleeding 0.0042 1.004 0.008

Other infections 0.0027 1.003 0.020
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characteristics between cirrhosis patients that 
contributed significantly to confounding factors 
in analysis, and this should be considered in any 
further recommendations made with regards to 
PPI use in these patients.14 Given these conflicting  
findings in the literature, this topic remains 
debated and it is difficult to say with certainty 
whether PPIs increase mortality in patients with 
cirrhosis. This will ideally need to be further 
explored with prospective studies in future. 

Our study stands out due to its reasonable  
sample size of 394 patients with liver cirrhosis 
and an extensive follow-up period of 5 years. This 
allows for a robust assessment of the relationship 
between PPI use and clinical outcomes in liver 
disease. Both groups were comparable at baseline 
in terms of demographics such as age, ethnicity 
and aetiology of cirrhosis, thereby minimising 
selection bias. However, it is noteworthy that the 
severity of liver disease was significantly greater 
in the PPI group compared with the non-PPI 
group, which could have contributed to the poorer  
morbidity outcomes observed in that cohort.

Additionally, our study revealed a high  
prevalence of hepatitis B among the participants, 
which contrasts with other studies carried out inter-
nationally.1–4,10–15 This discrepancy highlights the 
unique demographic and clinical characteristics 
of our study population, emphasising the need for 
region-specific research to understand the diverse 
impacts of PPI use in different populations.

Despite these strengths, our study is not  
without limitations. As a retrospective cohort 
study, it inherently possesses certain constraints 
that may impact the validity and generalisability 
of its findings. Retrospective designs are partic-
ularly susceptible to confounding variables, and 
although efforts were made to adjust for known 
confounders, it is acknowledged that not all  
confounding factors can be accounted for in 
such a design. In this study, while we were able 
to establish exposure to PPIs using cDDD, we 
acknowledge that we were unable to accurately 
explore the effect of the different PPIs avail-
able in New Zealand on outcomes individually. 
Additionally, retrospective studies rely on the  
accuracy and completeness of existing records. 
In our study, we did not have access to commu-
nity/general practitioner (GP) records for patients 
and as such were unable to accurately ascertain 
the indication for initiating PPIs and indication 
for dose changes that occurred in the community. 
We also were unable to capture any decompensa-
tion events that may have been managed in the  

community not requiring hospital admission.  
Furthermore, the retrospective nature of the 
study limits our ability to establish causality. 
While associations between PPI use and adverse 
outcomes can be identified, definitive clinical  
conclusions regarding the causative effects of 
PPIs cannot be drawn from this type of study. 
Prospective, randomised controlled trials are  
necessary to further elucidate these relation-
ships and provide more conclusive evidence 
on the impact of PPI therapy in patients with  
liver cirrhosis.

PPIs are commonly prescribed for cirrhotic 
patients to manage complications such as  
gastro-oesophageal reflux disease and peptic 
ulcers, and to prevent gastrointestinal bleeding. 
However, in our study, a significant number of 
patients were prescribed PPIs for unspecified  
indications. This raises questions about the 
appropriateness of PPI use in this population 
and suggests a potential over-prescription issue. 
It is important to note that the majority of PPIs 
were initiated in the community by the patient’s 
GP rather than in a hospital setting. This find-
ing underscores the need for education and 
awareness among all practitioners and careful  
evaluation of PPI indications in cirrhotic patients 
to avoid unnecessary exposure to potential 
adverse effects.

Moreover, while we stated that patients who 
were prescribed PPIs had more severe liver  
disease, this aspect was not explored in depth. The 
greater severity of liver disease in the PPI group 
could be a confounding factor contributing to the 
higher incidence of adverse outcomes observed. 
Patients with advanced liver disease are more 
susceptible to infections and other complica-
tions, which might explain the increased risks  
associated with PPI use in this cohort. Future 
studies should aim to stratify patients based on 
the severity of liver disease to better understand 
the impact of PPIs in different sub-groups of  
cirrhotic patients.

Conclusions
In conclusion, our study showed that over 

5 years in a large tertiary centre, PPI use in  
cirrhosis was associated with a significantly 
higher risk of hepatic decompensation and an 
increased risk of infection without a significant 
increase in mortality.

Given that only 32% of the PPI prescriptions 
met the recommended indications, there is a 
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strong case for more judicious use of PPIs in 
patients with cirrhosis. Emphasising the indica-
tion, duration of therapy and close monitoring for 
adverse effects are crucial steps. Further studies 
should focus on establishing clearer guidelines 

and investigating the pathological processes by 
which PPIs influence disease progression and 
infection risks in liver cirrhosis. These studies 
should also aim to delineate the safe use of PPIs in 
this vulnerable patient population.
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Applying Indigenous identity 
definitions in official health statistics: 
a case study using linked cancer 
registry data on stomach cancer
Nicole Satherley, Brandon de Graaf, Gabrielle Davie, Sheree Gibb, Andrea Teng,  
Andrew Sporle

abstract 
aim: Ethnicity and descent are two different officially recognised identity definitions for the Indigenous Māori population of New  
Zealand. Official health statistics are usually reported by Māori ethnicity but not descent, as health collections such as the New Zealand 
Cancer Registry (NZCR) do not record Māori descent information. We explored the potential of linked administrative data to describe 
health outcomes by Māori descent using gastric (stomach) cancer as an example.
methods: The Integrated Data Infrastructure (IDI) was used to source information on Māori descent from the 2013 and 2018 censuses 
as well as birth and death records linked to the NZCR for gastric cancer registrations for the years 1995–2021 (N=10,575).
results: Māori descent information could be sourced for 81.8% of gastric cancer registrations. Descent information was available for 
65.2% of gastric cancer registrations in death records, 39.5% in the 2013 or 2018 census, 6.1% from a child’s birth record and ≤0.3% 
from personal birth records. Of the registrations for whom Māori descent information could be obtained, 18.6% were identified as 
being of Māori descent vs 17.3% identified as Māori by ethnicity. Missing Māori descent data was lower (around 5%) in more recent  
gastric cancer registrations (2012 onwards).
conclusion: Based on our case study, classifying cancer registrations by Māori descent for health outcome reporting, in addition 
to Māori ethnicity, may be feasible for recent years of data. Use of death records for Māori descent information should be carefully  
considered, as this may introduce bias to analyses such as survival analysis.

There are two conceptual approaches to 
defining Indigeneity in the New Zealand 
official statistics system—ethnic affiliation 

and Māori descent. Ethnicity and descent are 
two different concepts, with different theoretical 
foundations and legislative frameworks, as well 
as different applications by researchers, policy-
makers and Māori organisations. The concepts 
define closely related yet distinct populations 
in New Zealand, who may experience different 
health outcomes.

Ethnicity is a measure of self-reported cultural 
affiliation with an ethnic group and is widely 
used in research to define populations. In New  
Zealand, the official ethnicity classification standard  
defines ethnic groups as consisting of people  
with some or all of a) a proper name, b) one or 
more elements of common culture, c) unique 
community interests, feelings and actions, d) a 
shared sense of common origins or ancestry, and 
e) a common geographic origin.1 

Māori descent is based on biological ancestry 

and genealogy using definitions that are defined in 
legislation, including those that attribute specific 
constitutional or legal relationships. Numerous 
legislative acts, including the Electoral Act 1993 
and the Māori Land Act 1993 (Te Ture Whenua 
Māori Act 1993), state “‘Māori’ means a person of 
the Māori race of New Zealand; and includes any 
descendant of such a person.”  2,3 Māori descent 
is the concept that the Māori population use to  
construct identity, with the cultural concept of 
whakapapa (genealogy or descent) being foun-
dational to individual and collective identities.4 
Providing information by descent in addition 
to ethnicity is also consistent with the United 
Nations’ Declaration on the Rights of Indigenous 
Peoples, which outlines Indigenous peoples’ right 
to determine their identity and that their cultures,  
traditions, histories and aspirations “shall be 
appropriately reflected in education and public  
information.” 5 In New Zealand, the census is 
a key data source for Māori descent informa-
tion, and census questions on iwi (tribal nation)  
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affiliation follow for those who indicate they are 
of Māori descent. Methods enabling analysis of 
outcomes by Māori descent may therefore also 
provide a precursor to examining outcomes by 
iwi affiliation.

The Māori descent population (19.6% of the 
total 2023 census usually resident New Zealand 
population) is larger than the Māori ethnicity  
population (17.8% of the total 2023 census usually  
resident population) in New Zealand, as not  
everyone of Māori descent identifies as Māori  
ethnically and vice versa. In the 2018 census 
(used as a data source alongside the 2013 census  
in the present study), 96% of the Māori population  
by ethnicity (775,836) also identified as being of 
Māori descent. However, a smaller percentage 
(86%) of the Māori descent population (869,850) 
also identified as being of Māori ethnicity.6 In 
other words, about 14% of the total Māori descent 
population who do not identify as Māori ethnically  
is excluded when analysing outcomes by Māori 
ethnicity.

Although Māori ethnicity is very widely  
collected in New Zealand’s official statistics, Māori 
descent is only collected in a few official statistical  
sources, namely the census, birth and death 
records and the Electoral Commission.7 For this 
reason, social and health outcomes for Māori 
are routinely reported using the Māori ethnicity  
variable, and it is largely unknown how they might 
differ if reported on using Māori descent. However, 
there has been increasing use of Māori descent to 
define populations, especially in surveys focussed 
on or designed by Māori such as Te Kupenga 
and the Māori Disability Survey.8,9 Defining  
the Māori population by descent, which is based 
on ancestry, is also relevant when studying health 
outcomes associated with genetic causes, as 
the concept of descent is more aligned (but still 
imperfectly) with genotype than the social affilia-
tion-based concept of ethnicity. 

This paper looks at how health outcomes can 
be reported by Māori descent using existing  
information within the official statistics system 
in New Zealand. We examine the feasibility of  
reporting on cancer by Māori descent, using 
gastric cancer as an example. In New Zealand 
approximately 400 people are diagnosed with 
gastric cancer per year.10 There are large and 
persistent ethnic disparities in gastric cancer  
statistics in New Zealand,11 with gastric cancer 
incidence and mortality rates being more than 
three times higher in Māori compared to non-
Māori.10 Helicobacter pylori (H. pylori) infection 

is the largest contributor of high gastric cancer  
prevalence among Māori, and is estimated to  
contribute to up to 61% of the excess cases among 
Māori compared to NZ European men.12 However, 
CDH1 gene mutation is also a significant contributor  
to advanced disease in the Māori population, being 
associated with an estimated 6% of advanced  
gastric cancers, and 13% of advanced diffuse-type 
gastric cancers among Māori.13 There is also  
evidence of H. pylori infection being strongly 
associated with the expression of CDH1 mutations 
in diffuse gastric cancer.14 

We construct a Māori descent variable for 
gastric cancer registrations using linked admin-
istrative records in the Stats NZ Integrated Data 
Infrastructure (IDI). While Māori descent infor-
mation is not recorded in the New Zealand Cancer  
Registry (NZCR), it is recorded in several linked 
administrative datasets available in the IDI; 
namely, the 2013 and 2018 census and Department  
of Internal Affairs (DIA) birth and death records. 
We document the percentage of the 1995–2021 
gastric cancer registrations that can be linked to 
Māori descent information in the IDI, and where 
that information is located. We then compare the  
number of Māori descent gastric cancer registrations 
and the degree of overlap with the Māori ethnicity  
cancer registrations and consider the quality 
of the Māori descent information for potential 
future reporting on gastric cancer outcomes.

Method
Stats NZ’s IDI

Stats NZ’s IDI is a large database containing 
linked then de-identified individual-level micro-
data about people and households in New Zealand.14  
The IDI consists of a range of government and 
non-government administrative and survey data 
sources connected to a central “spine”, including  
people who have ever been a resident in New 
Zealand. This enables analysis of populations of 
interest across government sectors (e.g., health, 
social services, housing, justice, education and 
training).14 Data in the IDI is periodically updated 
throughout the year in distinct “refreshes”. This 
study analysed data available in the June 2023 IDI 
refresh, using SAS Enterprise Guide version 7.1. 
Data was output from the IDI according to Stats 
NZ’s confidentiality rules, which means random 
rounding to base 3 has been applied to all count 
data in this study and counts of less than 6 have 
been suppressed.
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Gastric cancer registrations and Māori 
ethnicity in the NZCR

The NZCR is a population-based register of all  
primary malignant diseases diagnosed. The register  
collates details about patients and their cancer 
diagnosis, including sex, ethnicity, address, date of 
diagnosis and type of cancer, as well as information  
about cancer staging and grading.15 

For this study, records on all gastric cancer  
registrations (i.e., ICD-10 codes C160 to C169) 
from 1 January 1995 to 31 December 2021 were 
available. 

Māori ethnicity was sourced from the NZCR, 
which records up to three ethnicities per person. 
An ethnic identification is allocated by an algorithm  
process if it is present on at least 20% of a person’s  
records across the National Health Index ([NHI] 
person-level health identifier) database, the 
Mortality Collection and the National Minimum 
Dataset of hospital discharges. The algorithm is 
periodically re-run to account for any new records 
across these sources.16

Māori descent in the IDI
Information on Māori descent in the IDI can 

be obtained from the 2013 and 2018 censuses 
and in New Zealand birth and death records (see 
Table 1).7 Māori descent data held by the Electoral  
Commission and iwi organisations are not available  
within the IDI.7 Māori descent information is 
taken from September 1995 onwards (with much 

improved coverage from 1998 when the collection  
of birth and death data was digitised) due to  
significant definitional issues of Māori descent 
and resulting missing records prior to 1995.17

Information about Māori descent for the  
individual, as well as their parents, was present on 
birth records. Where the descent information was 
missing for the individual’s birth registration  
but was present for either one of the parents,  
the parental information was used. Descent 
information could also be sourced from the birth 
registrations of children of those with a cancer 
registration, based on an individual’s record as 
parent 1 or parent 2 on the child’s birth record.

Information on Māori descent from the different  
data sources was combined into one Māori 
descent variable. If a person had identified as 
being of Māori descent in at least one of the 
2013 census, the 2018 census, New Zealand birth 
records or death records, they were classified as 
being of Māori descent. 

Results
A total of 10,575 people were diagnosed with 

gastric cancer between 1995 and 2021 in New  
Zealand. Of these, 1,833 (17.3%) had Māori 
recorded as one of their ethnic group affiliations 
in the NZCR.

Figure 1 summarises the data obtained on 
Māori descent from IDI sources for the gastric  

Table 1: Data sources in the IDI with Māori descent information, the specific questions and response categories.

Data source Māori descent question Response categories

New Zealand Census of Population 
and Dwellings (2013, 2018)

“Are you descended from a Māori 
(that is, did you have a Māori birth 
parent, grandparent or great-
grandparent, etc.)?”

“He tūpuna Māori ōu?”

Yes, No, Don’t know

Ae, Kaore, Aua

New Zealand birth registrations 
(from September 1995)

“Is this child/person the descendant 
of a New Zealand Māori?”

“Is the mother/father the 
descendant of a New Zealand 
Māori?”

Yes, No, Not sure

Yes, No, Not sure

NZ death registrations (from 
September 1995)

“Was the deceased descended from 
a New Zealand Māori?”

Yes, No, Don’t know

For the 2018 census, 8.3% of Māori descent data was obtained from 2013 census responses and 2.2% from DIA birth records 
through admin enumeration, and a further 6.2% through imputation.18
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cancer registrations. New Zealand death records 
contained information on Māori descent for  
65.2% (6,900) of the gastric cancer registrations, 
representing the highest coverage among IDI 
sources. The 2013 census and 2018 census contained  
Māori descent information for 34.3% (3,630) and 
26.0% (2,745) of the gastric cancer registrations 
respectively (and 4,179 or 39.5% of registrations 
combined). Only 0.3% (30) of the registrations 
had Māori descent information from their own 
birth record. However, 6.1% (648) had descent  
information from their child/children’s birth 

registration (i.e., they were listed as parent 1 or 
parent 2 to a child). In total, combining informa-
tion across these sources provided Māori descent 
information for 8,655 (81.8%) of gastric cancer  
registrations, of which 1,614 (18.6%) were recorded  
as being of Māori descent in at least one of New 
Zealand death records, 2013 or 2018 census,  
or New Zealand birth records.

Although the extent to which information 
on Māori descent for gastric cancer registra-
tions was recorded in multiple sources was low, 
when it was recorded in two sources the level of  

Figure 1: Summary of data obtained on Māori descent information in the IDI for the gastric cancer registrations to 
construct a Māori descent variable. Note that S = suppressed count below 6.

Table 2: Consistency in Māori descent information recorded in the 2013/2018 census and New Zealand death and 
birth records for gastric cancer registrations.

New Zealand death records New Zealand birth records

Census 2013 
or 2018

No Māori 
descent

Māori  
descent

Total
No Māori 
descent

Māori  
descent

Total

No Māori 
descent

1,983 24 2,007 261 S 264

Māori descent 60 405 465 (87.1%) 9 180 189 (95.2%)

Total 2,043 429 (94.4%) 2,472 267 186 (96.8%) 453

Row/column total percentages indicate the percent of row/column Māori descent gastric cases recorded as Māori descent in the 
comparison source.
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Table 3: Consistency in Māori descent information recorded in New Zealand birth and death records for gastric 
cancer registrations.

New Zealand death records

New Zealand birth 
records

No Māori descent Māori descent Total

No Māori descent 210 9 219

Māori descent 18 144 162 (88.9%)

Total 228 153 (94.1%) 381

Row/column total percentages indicate the percent of row/column Māori descent gastric cases recorded as Māori descent in the 
comparison source.

Table 4: Consistency in Māori descent information recorded in the 2013 census and 2018 census (with and without 
2013 census enumerations included) for gastric cancer registrations.

2018 census
2018 census (without 2013 census 
enumerations)

2013 census
No Māori 
descent

Māori 
descent

Total
No Māori 
descent

Māori 
descent

Total

No Māori 
descent

1,743 9 1,752 1,557 9 1,566

Māori descent 15 426 441 (96.6%) 15 345 360 (95.8%)

Total 1,761 435 (97.9%) 2,196 1,572 354 (97.5%) 1,926

Row/column total percentages indicate the percent of row/column Māori descent gastric cases recorded as Māori descent in the 
comparison source.

Table 5: Cross tabulation of Māori ethnicity and Māori descent in the 1995–2021 gastric cancer registrations.

No Māori descent Māori descent
Unknown/missing 
descent

Ethnicity  
Total

Non-Māori ethnicity 6,915 (65.4%) 138 (1.3%) 1,617 (15.3%)
8,670  
(82.1%)

Māori ethnicity 96 (1.0%) 1,476 (14.0%) 264 (2.5%)
1,833  
(17.3%)

Unknown/missing 
ethnicity

30 (0.3%) S (S%) 39 (0.4%)
69  
(0.7%)

Descent  
Total

7,041  
(66.6%)

1,614  
(15.3%)

1,920  
(18.2%)

10,566

Cell percentages calculated from the total number of gastric cancer registrations.
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agreement of the information recorded was high. 
As shown in Table 2 and Table 3, the percentage 
of gastric cancer registrations identified as being 
of Māori descent in a given source (New Zealand 
death records, New Zealand birth records, or the 
2013/2018 census) who were also recorded as 
being of Māori descent in a corresponding source 
was between 87–98%. Consistency was generally 

highest with and between the 2013 and 2018 cen-
suses, and lowest for New Zealand death records. 
Specifically, a lower percentage of individuals 
with gastric cancer registrations recorded as 
being of Māori descent in the 2013/2018 census 
(87%; Table 2) or New Zealand birth records (89%; 
Table 3) were also recorded as being of Māori 
descent in New Zealand death records.

Figure 2: Percentage of total gastric cancer cases and those of Māori and non-Māori ethnicity missing Māori descent 
information for different diagnosis periods.

Figure 3: Percentage of total gastric cancer cases with recorded Māori ethnicity or Māori descent for different  
diagnosis periods.
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For the 2018 census, missing descent records 
were obtained where necessary and possible 
from the 2013 census, which may increase the 
degree of alignment between these sources. We 
therefore also looked at alignment between the 
2013 and 2018 censuses when excluding adminis-
trative data–sourced enumerations from the 2013 
census for Māori descent in the 2018 census (but 
retained enumerations from other administrative 
data sources). As shown in Table 4, this made little 
difference to the consistency in descent informa-
tion between the 2013 and 2018 censuses.

Comparing Māori descent and Māori ethnicity 
among those with complete data for both measures  
(see Table 5), a high proportion of cases (93.9%) of 
those with Māori ethnicity recorded in the cancer  
registry were also of Māori descent. A slightly 
lower percentage (91.4%) of the Māori descent 
gastric cancer cases were also of Māori ethnicity.

As shown in Figure 2, the percentage of missing 
Māori descent information among gastric cancer 
cases decreased in more recent diagnosis periods. 
Missing descent information was highest among 
those diagnosed from 1995–2001 (43.6%), but lower 
among those of Māori ethnicity, and noticeably  
lower among those diagnosed during 2012– 
2016 (5.4% of total cases) or 2017–2021 (4.6% of 
total cases). During these years, the number of 
cancer registrations of Māori descent was larger  
than the number of registrations by Māori ethnicity  
(see Figure 3).

Discussion
In total, information on Māori descent was 

found for 81.8% of the gastric cancer registrations  
(N=8,655). For registrations with available Māori 
descent information, 18.6% were recorded as 
being of Māori descent in one or more of New 
Zealand death records, 2013 or 2018 census, or 
New Zealand birth records. This is in line with 
what was found for the general population in the 
2013 census (i.e., 17.5%) and the 2018 census (i.e., 
18.5%).6,19 However, because of missing descent 
data, only 15.3% of the total population gastric 
cancer registrations were identified as being of 
Māori descent, less than the percentage of Māori 
ethnicity (17.3%), and in contrast to the relatively  
smaller size of the Māori ethnic population  
compared with the Māori descent population. 

Most of the information on Māori descent 
was retrieved from New Zealand death records, 
whereas comparatively less information about 
Māori descent was found in the 2013 or 2018  

census and New Zealand birth records. There 
are several explanations for this finding. Gastric 
cancer is predominantly a disease affecting older 
ages,10 meaning the vast majority of individuals 
with cancer registrations were born well before 
1995 (when information on Māori descent was 
not routinely collected in a standardised format 
in New Zealand birth records). A major factor is 
the poor survival rate of gastric cancer in New 
Zealand,20 meaning many cancer cases died prior 
to the 2013 and/or 2018 census. Even for those for 
whom census records were found, Māori descent 
was “not stated” or answered with “don’t know” 
for 9.2% of the cases in the 2013 census and 22.9% 
of cases in the 2018 census. Furthermore, the 2013 
and 2018 censuses both undercounted the Māori 
population (with a 4.2% net undercount of the 
descent population in 2018).21,22 This means some 
individuals with cancer registrations may have 
simply been missed by the censuses. 

The results indicate it would be problematic 
to explore gastric cancer rates and outcomes by 
Māori descent for all cancer registrations due to 
the amount of missing Māori descent data (18.2%). 
However, examining outcomes by descent is  
feasible among cases diagnosed from around 2012 
onwards due to significant reductions in missing 
data from this point in time to around 5%. This 
is likely due to a combination of a) a higher pro-
portion of the population being born after 1995 
meaning greater coverage of descent information 
on birth records, and b) more cancer cases having  
census records (i.e., the 2013 and 2018 censuses).  
The proportion of the gastric cancer cases that 
could be identified as of Māori descent also 
exceeds the proportion identified as of Māori  
ethnicity from 2012, matching the relative sizes of 
these Indigenous groups in the total New Zealand 
population. However, a reliance on death records 
for Māori descent information poses issues. It may 
introduce bias in survival outcomes among cases 
of Māori descent, as surviving cases of Māori 
descent would be more likely to have missing 
Māori descent information, potentially resulting 
in inflated mortality rates. Death records could 
be removed as a source of Māori descent infor-
mation for analyses where this would be an issue, 
although this will reduce the number of cases 
with Māori descent information.

There are other limitations with the methods  
used here to source Māori descent informa-
tion. For example, Māori descent identification 
can vary between sources and over time based 
on factors such as knowledge of ancestry and  
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willingness to report one’s descent in a particular  
context. However, information was combined 
here across sources regardless of the time the data 
was collected, relative to diagnosis date. Descent 
information can also be self-reported in some 
sources (e.g., censuses) but not others (e.g., birth 
and death records). Finally, it is also important  
to note that changes in methods for collecting 
descent information in some sources could lead 
to changes in incidence rates reported by Māori 
descent. For example, the 2023 census uses  
additional sources of data for administrative  
enumerations of Māori descent information 
(including electoral roll data),23 which could lead 
to increases in the size of the Māori descent due 
to a combination of both improved population  
coverage and population growth.

This research demonstrates the utility of the IDI 
for applying different Indigenous identity defini-
tions in official health statistics. As we made use 
of all available Māori descent data sources in the 
IDI at the June 2023 refresh, the methods could be 
applied to other administrative datasets to examine  
other outcomes by Māori descent as an additional  
method of reporting alongside ethnicity. Routinely 
collected Māori descent information in healthcare 
data itself, such as through NHI numbers, could 
reduce potential issues and sources of bias when 
joining descent information across different data 
collections (e.g., mortality records). The issues 
identified here may apply to other outcomes and 
should be considered when designing or assessing  
any research focussed on health or social outcomes  
for the Māori descent population. 
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Cancers potentially attributable to 
excess body weight in Aotearoa New 
Zealand from 2019 to 2023
Michael Walsh, Jennifer Brenton-Peters, Olivia Perelini, Karen Bartholomew 

abstract 
aim: This study quantifies the incidence of cancers attributable to excess body weight (EBW) in Aotearoa New Zealand adults aged 30+ 
from 2019 to 2023 and assesses public health implications.
methods: Relative risk estimates from an existing review and EBW prevalence from the New Zealand Health Survey were used to  
calculate population attributable fractions (PAFs) for 12 cancer types. PAFs were applied to Cancer Registry data to estimate EBW- 
attributable cases. Confidence intervals were calculated using bootstrap techniques. Two scenarios explored the potential impact of 
reducing EBW prevalence.
results: An estimated 6,962 cancers (5.1% of all cases) were potentially attributable to EBW, averaging 1,390 cases annually. The 
impact was greater for females (PAF 6.3%) than males (PAF 4.1%). Among Māori, 6.9% of cancers (221 per year) were attributed to 
EBW, while Pacific peoples had a higher PAF of 11.8% (145 cases per year). PAFs were highest for Pacific females (16.1%, 110 per year).  
Modelling suggests halving EBW prevalence could potentially prevent 600 cases annually.
conclusion: EBW contributes to a large number of cancers in New Zealand, compounding health inequities, particularly for Māori 
and Pacific peoples. These inequities highlight the urgent need for multisectoral, collaborative interventions that address the  
complex, inequitable drivers of EBW. Public health must strengthen its pro-equity, anti-stigmatising approach to prevention, manage-
ment and treatment. However, sustained reductions in EBW-related cancers will ultimately depend on preventing EBW rather than 
relying on treatment-based interventions.

P eople can be healthy across a spectrum  
of diverse body sizes, emphasising the  
complex and multifaceted nature of body 

size beyond Western-defined norms.1,2 The  
language, framing and terminology around body 
weight are important due to the known impacts 
of weight bias and stigma on healthcare access 
and quality, and professional interactions.3,4  
Recognising that excess body weight (EBW) is a 
risk factor for several diseases, and that weight 
stigma influences health outcomes, is an important  
consideration for public health practitioners that 
underscores the need for a nuanced understanding 
of the interplay between body size and health.5

EBW is defined using body mass index (BMI) 
categories. While widely employed, BMI has 
well-documented limitations, as it is based solely 
on height and weight and does not account for 
individual variations in health risk. Its appli-
cability across different ethnic groups has also 
been critiqued.6 Despite these limitations, BMI 
is a useful population-level measure for assess-
ing health risk attribution.7 BMI is calculated 
as weight in kilograms divided by the square of 

height in meters (kg/m2), with the World Health 
Organization classifying adult BMI as follows:  
normal weight (18.50–24.99kg/m2), overweight 
(25.00–29.99kg/m2) and obese (≥30kg/m2).7 In this 
paper, we use the World Health Organization BMI 
classifications to define EBW.

When attributing health risks to EBW, it is 
essential to consider the whole person, including 
their broader wellbeing, lifestyle, whānau, social 
and cultural context and disabilities. As BMI does 
not capture these complexities, acknowledging 
the multifactorial drivers of EBW is crucial. Never-
theless, BMI remains a practical and cost-effective 
tool for tracking population-level weight trends, 
facilitating comparisons across groups and time 
periods, and informing public health monitoring 
and policy development.8

For this paper, we have adopted the term 
“excess body weight” over “obesity”, informed 
by critical public health perspectives, equity- 
focussed frameworks, Indigenous lived experi-
ences and fat studies literature, which challenge 
the medicalisation and stigma attached to body 
weight.9–11 This approach reflects a commitment 
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to destigmatisation and equity, recognising inter-
secting biases and health inequities experienced 
by people with EBW related to gender, ethnicity, 
socio-economic status, geography and other social 
determinants.11–13 Our approach is also aligned to 
Indigenous and collective perspectives recognising 
that numerical or clinical criteria do not solely 
define health—rather, health is deeply rooted in 
cultural, historical and social contexts. We draw on 
multiple perspectives to support a balance between 
achieving public health objectives and mitigating 
weight-related stigma, thereby promoting a more 
inclusive and respectful dialogue around health 
outcomes. Striking this balance remains a chal-
lenging yet necessary consideration.

Aotearoa New Zealand has one of the  
highest rates of people living with EBW in  
the Organisation for Economic Co-operation 
and Development (OECD),14 disproportionately 
impacting Māori and Pacific peoples, with 48% 
of Māori and 65% of Pacific adults living with 
EBW.15 New Zealand has high rates of children  
living with EBW, at one point ranking as the third 
highest among OECD countries.16 This trend raises 
concerns about subsequent cancer risk, as high 
childhood EBW rates would likely contribute to 
increased EBW prevalence in adulthood.17 

Numerous complex and interacting factors are 
related to body weight, such as a person’s genetics, 
biology and socio-ecological factors.7 Other key 
drivers include health-disrupting environments that 
provide easy availability of cheap, energy-dense 
foods, combined with persuasive and pervasive 
food marketing and reduced opportunities for 
physical activity.18,19 This has led to what is often 
termed an “obesogenic” environment, whereby 
making a healthy choice has become increasingly 
difficult and expensive, especially for vulnerable  
populations living in lower socio-economic areas.20 
These factors contribute to a socio-economic  
gradient, with those in lower socio-economic 
groups being more likely to experience EBW.12

From a public health perspective, EBW is  
categorised as both a potentially modifiable and 
socially mediated risk factor and is associated with 
various non-communicable diseases, including type 
2 diabetes and cardiovascular disease. There is  
sufficient evidence for a causal association with at 
least 12 types of cancer.21–23 These cancers include 
breast (postmenopausal), colorectal, uterine, ovary, 
pancreas, kidney, gallbladder, stomach (cardia), 
liver, oesophagus (adenocarcinoma), thyroid 
and multiple myeloma. More recently, probable  
evidence of a causal association has emerged for 

advanced prostate cancer.24 The causal link of 
EBW to cancer risk is supported by evidence from 
numerous epidemiological studies demonstrating 
a robust dose–response relationship in the associ-
ation, as well as experimental studies proposing 
multiple biological mechanisms.21

Systemic challenges that contribute to  
ethnic-specific inequities in cancer outcomes in 
New Zealand are well reported.25–27 Factors such 
as barriers to primary care, diagnostic delay and 
the lack of culturally responsive care, alongside 
the need for systemic improvements in health-
care delivery, have been recognised.28 Māori face 
excess mortality rates, influenced by comorbidities 
and systemic barriers, including inequities within 
the health system.29–31 The recent rise in endo-
metrial cancer incidence, with a 59% increase 
in cases over the past decade, calls for focussed 
attention, especially as Pacific communities expe-
rience substantial impacts. This trend also affects 
other ethnic groups, with an increase in younger 
age groups, underscoring the importance of  
comprehensive strategies to address these health 
challenges effectively.32

In this paper we firstly aim to assess the  
cancer burden associated with EBW in New  
Zealand adults aged 30 years and older from 2019 
to 2023. Second, we seek to draw attention to  
language and approach in public health with 
respect to EBW and how health organisations 
should be prioritising the creation of safe, acces-
sible healthcare and supportive environments. 
This includes enhancing healthcare accessibility 
and quality for all, particularly for minoritised 
communities, and ensuring that interventions are 
inclusive and respectful of all body types.

Method 
Ethnicity

Ethnicity data used were as recorded in the 
New Zealand Cancer Registry, following the  
Ethnicity Data Protocols set out in Health  
Information Standards Organisation 10001:2017.33 
These protocols ensure standardised collection 
and reporting of ethnicity across the health system, 
with prioritised ethnicity applied—where indi-
viduals with multiple ethnic affiliations are assigned 
to a single group based on a set hierarchy, typically 
prioritising Māori and Pacific peoples. While  
this method aids in focussed analysis of specific 
ethnic groups, it carries certain limitations, includ-
ing the potential for ethnicity misclassification  
and undercounting.34 Misclassification can occur 
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when individuals’ self-identified ethnicities are  
inaccurately recorded, leading to potential biases 
in health outcome analyses. Additionally, the use 
of prioritised ethnicity may mask the presence of 
smaller ethnic groups and undercount individuals 
with multiple ethnic affiliations. These limitations 
can affect the accuracy of ethnic health equity 
assessments, particularly when examining out-
comes for Māori and Pacific populations.

Sex
Sex classification was based on data recorded 

in the New Zealand Cancer Registry, which  
follows the sex recorded in the patient’s National 
Health Index at the time of assignment or regis-
tration. This method ensures consistency across 
health datasets and facilitates comparison with 
other health outcomes. However, the reliance 
on sex assigned at birth may not capture gender 
identity or the experiences of individuals whose 
gender does not align with their assigned sex. 
While this approach is necessary for ensuring 
data comparability, it presents limitations when 
considering broader aspects of gender diversity 
in health outcomes.

Age
The analysis was limited to cancers among 

those aged 30 years or older as the evidence 
for cancers associated with EBW in those aged 
younger than 30 years is limited.21 An exception 
was postmenopausal breast cancer, where an age 
cutoff of 50 was used. 

Relative risk estimates
The estimates of relative risk associated 

with EBW relative to normal weight for the 12  
cancers (Table 1 and Table 2) were obtained from 
Brown et al.,35 a systematic analysis of modifiable  
cancer risk factors using meta-analyses and 
cohort studies. While the study provides  
estimates for the United Kingdom, the fundamental 
biological mechanisms linking EBW to cancer are 
well established and likely applicable across pop-
ulations. Given New Zealand’s high prevalence 
of EBW and the lack of large-scale New Zealand- 
specific relative risk estimates, these findings 
offer a robust evidence base for assessing EBW- 
related cancers in New Zealand. Where available, 
sex specific estimates by cancer type were used.

Table 1: Cancer types associated with EBW and corresponding relative risk (male).

Relative risk

Cancer type ICD-10 codes 25.00–29.99kg/m2 ≥30kg/m2

Colorectal C18–C20, C26.0 1.17 1.38

Oesophageal
C15 (adenocarcinoma 
only)a 1.87 2.73

Stomach C16.0 (cardia only) 1.22 1.61

Liver
C22.0, C22.2–C22.4, C22.7, 
C22.9

1.18 1.83

Gallbladder C23 1.00 1.54

Pancreas C25 1.15 1.20

Kidney and renal C64–C65 1.22 1.63

Thyroid C73 1.10 1.27

Multiple myeloma C90.0, C90.2b 1.17 1.23

a Morphology codes for oesophageal adenocarcinoma includes codes 8140–8147, 8160–8162, 8180–8221, 8250–8507, 8514, 
8520–8551, 8560, 8570–8574, 8576 and 8940–8941. 
b Morphology codes for multiple myeloma are 9731–9732 and 9734.
EBW = excess body weight. 
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Exposure prevalence estimates
Annual sex- and ethnic-specific crude prevalence 

data from the New Zealand Health Survey from 
2006/2007 were used as our estimate of EBW.36 
This provided a greater-than-10-year lag period 
between risk exposure and cancer incidence. Two 
classifications of EBW were used that aligned with 
different estimates of risk: a BMI of 25.00–29.99kg/
m2 and a BMI of ≥30kg/m2.7

Cancer data
We used anonymised data from the New Zea-

land Cancer Registry for the period 2019–2023. 
It is a population-based register of all primary 
malignant diseases diagnosed in New Zealand, 
excluding squamous and basal cell skin cancers.

Statistical analysis
The population attributable fraction (PAF) for 

each sex- and ethnic-specific group utilising two 
levels of EBW was calculated for each cancer 
using the standard formula:

PAF is the attributable proportion for each  
cancer attributable to EBW.

Pw is the proportion of the population who 
have a BMI between 25.00 and 29.99kg/m2.

Po is the proportion of the population who 

Table 2: Cancer types associated with EBW and corresponding relative risk (female).

Cancer type ICD-10 codes
Relative risk

25.00–29.99kg/m2 ≥30kg/m2

Colorectal C18–C20, C26.0 1.07 1.17

Oesophageal
C15 (adenocarcinoma 
only)a 1.87 2.73

Stomach C16.0 (cardia only) 1.22 1.61

Liver
C22.0, C22.2–C22.4, C22.7, 
C22.9

1.18 1.83

Gallbladder C23 1.22 1.75

Pancreas C25 1.12 1.15

Breast (female 
postmenopausal)

C50 (postmenopausal 
only)b 1.13 1.20

Uterine C54–C55 1.34 2.54

Ovarian C56 1.08 1.11

Kidney and renal C64–C65 1.38 1.95

Thyroid C73 1.10 1.27

Multiple myeloma C90.0, C90.2c 1.12 1.15

a Morphology codes for oesophageal adenocarcinoma includes codes 8140–8147, 8160–8162, 8180–8221, 8250–8507, 8514, 
8520–8551, 8560, 8570–8574, 8576 and 8940–8941. 
b Fifty years and over was used as a menopausal cutoff.
c Morphology codes for multiple myeloma are 9731–9732 and 9734.
EBW = excess body weight. 
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have a BMI ≥30kg/m2.
Rw is the cancer-specific relative risk for a BMI 

between 25.00 and 29.99kg/m2.
Ro is the cancer-specific relative risk for a BMI 

≥30kg/m2.
The sex- and ethnic-specific PAF for each  

cancer were multiplied by the number of primary 
cancer registrations in the population from each 
respective cancer to obtain cancer-specific EBW 
attributable estimates. For each cancer, EBW- 
attributable estimates were calculated separately 
for males and females and for each of the Māori, 
Pacific, Asian and European/Other ethnic groups. 
The proportion of EBW-attributable cancers was 
summed to generate the total number of cancers 
attributable to EBW. 

Recognising the uncertainties in both relative 
risk and EBW prevalence estimates, we applied 
a parametric bootstrap technique, incorporating  
the 95% confidence intervals (CIs) of these param-
eters, to generate robust CIs for each cancer- 
specific PAF as well as the aggregated PAFs. We  
executed 10,000 bootstrap iterations, in which each 
iteration involved random selection of relative 
risk and EBW prevalence estimates within their 
respective CIs. This selection informed the recalcu-
lation of PAFs for each cancer type. The PAFs were 
then weighted by the incidence of each cancer to  
estimate the total number of cases attributable to 
EBW for that iteration. The 95% CI for the over-
all EBW-related cancer burden was derived from 
the 2.5th and 97.5th percentiles of the aggregated 
PAFs across all bootstrap samples.

Estimating cancers with a reduction in 
EBW

Two scenarios are modelled to assess the 
potential impact of reducing the prevalence of 
EBW on EBW-attributable cancers. This modelling 
can be thought of as the number of cancers that 
could potentially be prevented in a single year at 
the given prevalence of EBW. Scenario one pro-
poses a reduction in the population prevalence 
with a BMI of 30kg/m2 or more by 50%, with the 
assumption that individuals from this category 
move into the BMI range of 25.00–29.99kg/m2. 
Scenario two envisions a more comprehensive 
reduction, halving the prevalence of EBW across 
both BMI categories (BMI ≥30kg/m2 and BMI 
25.00–29.99kg/m2).

Ethical approval
The study was considered low risk as it only 

used deidentified data and received locality 

authorisation approval from the Health New  
Zealand – Waitematā District, Research &  
Knowledge Centre (Approval Code: WAI20249).

Results
Total number of cancers attributable to 
EBW

Between 2019 and 2023, 5.1% (95% CI 4.7–5.5) 
of all cancers in New Zealand among those aged 30 
and above were attributed to EBW, amounting to 
6,962 cancers (Table 3) or around 1,390 per year on 
average. The proportion of EBW-related cancers 
was higher in females at 6.3% (95% CI 5.7–6.9) 
with 4,010 cancers (802 per year) compared with 
males at 4.1% (95% CI 3.6–4.6) with 2,952 cancers 
(590 per year). The cancer types with the highest 
totals attributable to EBW (Table 5) were colorec-
tal, with 1,801 cases (360 per year) and a PAF of 
10.5% (95% CI 8.0–13.1), uterine cancer with 1,331 
cases and a PAF of 36.7% (95% CI 34.3–39.2) and 
breast (in females 50+ only) with 1,231 cases (266 
per year) and a PAF of 8.8% (95% CI 6.8–10.7). 
Oesophageal adenocarcinoma, although less  
frequent, had the highest PAF (Table 4) at 44.2% 
(95% CI 41.6–46.9), leading to 454 cases (91  
per year). 

Among Māori, the overall PAF was 6.9% (95% 
CI 6.3–7.5), translating to 1,103 cancers (221 per 
year) attributable to EBW. The PAF for Māori 
females was 8.2% (95% CI 7.2–9.2), accounting 
for 705 cancers (141 per year), while Māori males 
had a PAF of 5.4% (95% CI 4.8–6.0), translating to 
398 cancers (79 per year). Among specific cancers, 
the highest PAF was observed in oesophageal  
adenocarcinoma, which had a PAF of 50.0% (95% 
CI 46.7–53.2), followed by uterine cancer with a 
PAF of 42.7% (95% CI 38.5–47.0). High PAFs were 
also observed for kidney and renal pelvis cancer 
(28.3%, 95% CI 25.1–31.6) and liver cancer (28.6%, 
95% CI 24.9–32.4). 

In the Pacific population, the total PAF was 
11.8% (95% CI 10.9–12.7), accounting for 723  
cancers (145 per year) attributable to EBW. 
Females showed a higher PAF of 16.1% (95% CI 
14.6–17.6), translating to 550 cancers (110 per 
year), compared with males at 6.4% (95% CI 
5.7–7.1), with 172 cancers (34 per year). Uterine  
cancer had the most substantial attributable  
burden with a PAF of 51.5% (95% CI 47.0–56.1) and 
329 cancers (66 per year), accounting for more than 
half of the overall EBW cancer burden in Pacific 
females. Breast cancer in Pacific females over 
50 had a PAF of 13.6% (95% CI 8.6–18.6), leading  
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to 103 cancers, while colorectal cancer had a PAF 
of 17.0% (95% CI 12.9–21.3), with 89 cancers.

Among the Asian population, the total PAF was 
3.7% (95% CI 3.2–4.1), accounting for 277 cancers 
(55 per year) attributable to EBW. Female cancers 
were more prevalent with a PAF of 4.2% (95% CI 
3.6–4.7), accounting for 177 cancers (35 per year), 
compared with males at 3.0% (95% CI 2.4–3.7), 
with 100 cancers (20 per year). Uterine cancer had 
the highest number of EBW-attributable cancers 
with 67 (13 per year) and a PAF of 21.4% (95% CI 
17.6–25.3). 

For the European and Other populations, the 
total PAF was 4.5% (95% CI 4.0–5.0), corresponding  
to 4,859 cancers (972 per year) attributable to 
EBW. Females had a PAF of 5.4% (95% CI 4.6–6.2), 
leading to 2,577 cancers (515 per year), while 
males had a lower PAF of 3.8% (95% CI 3.2–
4.4), contributing to 2,282 cases (456 per year).  
Colorectal cancer had the highest number of 
EBW-attributable cancers with 1,464 (293 per 
year) and a PAF of 10.3% (95% CI 7.2–13.3),  
followed by breast cancer in females over 50 with 
865 cancers (173 per year) and a PAF of 8.3% (95% 

Table 3: Proportion and count of cancers attributable to EBW by cancer type and ethnic group (2019–2023).

Ethnic group and sex PAF % (95% CI)
Number of cancers 
attributable to EBW— 
5-year (95% CI)

Average per year (95% 
CI)

Māori 

Male 5.4 (4.8–6.0) 398 (355–442) 80 (75–84)

Female 8.2 (7.2–9.2) 705 (623–789) 141 (131–151)

Total 6.9 (6.3–7.5) 1,103 (1,010–1,199) 221 (207–234)

Pacific 

Male 6.4 (5.7–7.1) 172 (153–191) 34 (32–37)

Female 16.1 (14.6–17.6) 550 (500–601) 110 (100–12)

Total 11.8 (10.9–12.7) 723 (669–777) 145 (132–157)

European/Other

Male 3.8 (3.2–4.4) 2,282 (1,926–2,643) 456 (446–467)

Female 5.4 (4.6–6.3) 2,577 (2,184–2,974) 515 (503–528)

Total 4.5 (4.0–5.0) 4,859 (4,326–5,390) 972 (957–986)

Asian

Male 3.0 (2.4–3.7) 100 (79–122) 20 (18–22)

Female 4.2 (3.6–4.7) 177 (153–202) 35 (30–41)

Total 3.7 (3.2–4.1) 277 (245–310) 55 (49–62)

Overall

Male 4.1 (3.6–4.6) 2,952 (2,591–3,318) 590 (573–608)

Female 6.3 (5.6–6.9) 4,010 (3,601–4,419) 802 (770–834)

Total 5.1 (4.1–5.5) 6,962 (6,422–7,508) 1,392 (1351–1433)

EBW = excess body weight; PAF = population attributable fraction; 95% CI = 95% confidence interval. 
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CI 5.9–10.9) and uterine cancer with a PAF of 
32.8% (95% CI 28.9–36.7), resulting in 684 cancers 
(137 per year).

Impact of reduction in EBW on cancer
The estimated annual reduction in various 

types of cancers attributable to EBW under each 
EBW reduction scenario is presented in Table 6. 

In scenario one, focussing on halving the  
prevalence of individuals with a BMI of ≥30kg/m2, 
just over 210 cancers could be prevented annually 
with the largest decrease in cancer cases seen in 
uterine cancer, with an annual reduction of 59 
cases. This is followed by colorectal cancer, which 
shows a decrease of 55 cases, and kidney and 
renal cancers with a reduction of 26 cases.

Examining the impact by ethnicity under  
scenario one, the European/Other group exhibits  
the most significant decrease in these cancer 

types, with a total reduction of 136 cases. For 
Māori there is a reduction of 39 cases, for Pacific 
28 cases, and for Asian eight cases.

By sex, females show a total reduction of 129 
cases, largely attributed to decreases in breast 
and uterine cancers, while males, predominantly 
affected by colorectal cancer, see a reduction of 
82 cases.

Under scenario two, where there is a halving of 
the EBW prevalence across both BMI categories, 
the reductions are more substantial, with a reduc-
tion of just over 610 cancers annually. Colorectal  
cancer shows the largest decrease with 168 cases, 
followed by breast cancer in females over 50 with 
a reduction of 117 cases and uterine cancer, which 
sees a decrease of 101 cases.

In terms of the ethnic-specific impact under 
scenario two, European/Other again leads with 
the largest reduction, totalling 435 cases. This is 

Table 4: Fraction of cancers attributable to EBW between 2019 and 2023 by cancer type and ethnic group.

Cancer type

PAF % (95% CI)

Māori Pacific Asian
European and 
Other

Total

Breasta 10.9 (7.3–14.4) 13.6 (8.6–18.4) 5.3 (3.6–6.9) 8.3 (5.8–10.9) 8.8 (6.8–10.7)

Colorectal 13.3 (9.9–16.8) 17.0 (12.7–21.3) 6.5 (4.0–9.0) 10.3 (7.3–13.3) 10.5 (8.0–13.1)

Oesophagealb 50.0 (46.8–53.2) 57.0 (53.5–60.5) 32.9 (28.3–37.5) 43.7 (40.8–46.7) 44.2 (41.7–46.9)

Gallbladder 24.7 (21.4–28.2) 31.2 (27.3–35.2) 9.8 (7.7–11.9) 17.6 (14.8–20.4) 20.2 (18.3–22.1)

Kidney and renal 
pelvis

28.3 (25.0–31.6) 35.0 (31.3–38.7) 14.1 (11.2–17.0) 21.8 (18.6–25) 22.8 (20.4–25.3)

Liver 28.6 (25.0–32.3) 36.4 (32.4–40.4) 12.7 (9.6–15.9) 21.4 (18.0–24.8) 23.6 (21.5–25.8)

Multiple 
myeloma

11.2 (7.7–14.6) 13.6 (9.3–18.0) 6.4 (3.9–9.0) 9.7 (6.4–12.8) 9.9 (7.4–12.5)

Ovary 6.5 (1.7–11.3) 8.1 (1.7–14.5) 3.2 (0.3–6.0) 5.0 (0.8–9) 5.3 (2.2–8.2)

Pancreas 10.3 (7.2–13.5) 12.6 (8.5–16.7) 5.8 (3.5–8.1) 8.7 (5.9–11.4) 8.9 (6.7–11.0)

Stomachc 24.4 (20.9–27.9) 30.7 (26.8–34.4) 12.1 (8.8–15.3) 19.1 (15.7–22.5) 19.6 (16.7–22.5)

Thyroid 12.5 (8.8–16.2) 16.4 (11.8–20.9) 5.5 (3.2–7.9) 9.2 (6.2–12.3) 9.8 (7.9–11.7)

Uterine 42.7 (38.5–47.0) 51.5 (47.0–56.1) 21.4 (17.6–25.3) 32.8 (29.0–36.6) 36.7 (34.2–39.2)

a Female 50+ only.
b Adenocarcinoma only.
c Cardia only.
EBW = excess body weight; PAF = population attributable fraction; 95% CI = 95% confidence interval. 
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Table 5: Number of cancers attributable to EBW by cancer type and ethnic group.

Cancer type

Number of cancers attributable to EBW—average per year (95% CI) Number of cancers attributable to EBW—5-year (95% CI)

Māori Pacific Asian
European 
and Other

Total Māori Pacific Asian
European 
and Other

Total

Breasta 43 (29–57) 21 (13–28) 10 (7–13)
173 
(122–224)

246 
(192–300)

215 
(145–286)

103 (65–140) 49 (34–64)
865 
(604–1,120)

1,231 
(961–1,500)

Colorectal 38 (28–47) 18 (13–22) 12 (7–17)
293 
(206–379)

360 
(272–447)

188 
(139–236)

89 (67–112) 60 (37–83)
1,464 
(1,038–1,897)

1,801 
(1,367–2,231)

Oesophagealb 8 (8–9) 2 (2–2) 1 (1–1) 80 (75–86) 91 (85–96) 41 (38–44) 9 (8–9) 4 (4–5)
401 
(374–428)

454 
(428–482)

Gallbladder 4 (3–4) 3 (3–4) 1 (0–1) 9 (7–10) 16 (15–18) 18 (15–20) 17 (15–19) 3 (2–3) 44 (37–51) 81 (73–89)

Kidney and 
renal pelvis

28 (24–31) 10 (9–11) 6 (4–7) 114 (98–131)
158 
(141–175)

138 
(122–154)

50 (45–55) 28 (22–34)
572 
(490–655)

789 
(704–873)

Liver 20 (18–23) 10 (9–11) 4 (3–5) 33 (28–39) 67 (61–73) 101 (88–114) 48 (43–53) 21 (15–26)
166 
(140–192)

336 
(306–366)

Multiple 
myeloma

6 (4–8) 4 (3–5) 1 (1–2) 33 (22–45) 44 (33–56) 30 (20–39) 18 (12–24) 7 (4–10)
167 
(111–222)

222 
(165–278)

Ovary 2 (1–4) 2 (0–3) 1 (0–1) 9 (2–16) 13 (6–21) 11 (2–20) 8 (2–14) 4 (0–7) 44 (8–79) 67 (30–103)

Pancreas 11 (7–14) 4 (3–5) 3 (2–4) 47 (32–62) 64 (48–79) 53 (37–69) 19 (13–26) 13 (8–18)
234 
(158–308)

319 
(242–395)

Stomachc 4 (3–4) 1 (1–2) 1 (1–1) 26 (22–31) 32 (28–37) 18 (15–21) 7 (6–8) 4 (3–5)
131 
(107–154)

161 
(137–184)

Thyroid 8 (5–10) 5 (4–6) 4 (2–5) 18 (12–23) 34 (27–40) 39 (28–51) 25 (18–32) 18 (10–25) 88 (59–117)
170 
(137–203)
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Cancer type

Number of cancers attributable to EBW—average per year (95% CI) Number of cancers attributable to EBW—5-year (95% CI)

Māori Pacific Asian
European 
and Other

Total Māori Pacific Asian
European 
and Other

Total

Uterine 50 (45–55) 66 (60–71) 13 (11–16)
137 
(121–153)

266 
(248–284)

251 
(226–276)

329 
(300–358)

67 (55–79)
684 
(603–765)

1,331 
(1,242–1,421)

a Female 50+ only.
b Adenocarcinoma only.
c Cardia only.
EBW = excess body weight; 95% CI = 95% confidence interval.

Table 5 (continued): Number of cancers attributable to EBW by cancer type and ethnic group.
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Table 6: Number of cancers potentially prevented each year under different EBW scenarios.

Cancer type, ethnic group and sex Scenario 1* (95% CI) Scenario 2** (95% CI)

Cancer type

Breast (female 50+ only) 23 (11–36) 117 (108–127)

Colorectal 55 (40–70) 168 156–180)

Oesophageal (adenocarcinoma 
only)

7 (1–14) 32 (27–38)

Gallbladder 4 (2–7) 7 (5–10)

Kidney and renal pelvis 26 (17–35) 68 (60–76)

Liver 17 (11–22) 29 (24–34)

Multiple myeloma 2 (0–8) 21 (17–25)

Ovary 1 (0–4) 6 (4–9)

Pancreas 3 (0–10) 30 (25–35)

Stomach (cardia only) 6 (1–10) 14 (11–18)

Thyroid 7 (2 to 11) 16 (12–20)

Uterine 59 (49–70) 101 (91–111)

Ethnic group

Māori 39 (28–51) 94 (84–104)

Pacific 28 (19–37) 56 (48–64)

Asian 8 (2–14) 26 (21–31)

European/Other 136 (111–161) 435 (415–455)

Sex

Male 82 (63–102) 261 (245–276)

Female 129 (107–151) 350 (331–368)

Total 211 (182–241) 611 (586–634)

* Scenario 1: a reduction in the population prevalence with a BMI of 30kg/m2 or more by 50%, with the assumption that  
individuals from this category move into the BMI range of 25.00–29.99kg/m2.
** Scenario 2: halving the prevalence of EBW across both BMI categories (BMI ≥30kg/m2 and BMI 25.00–29.99kg/m2).
EBW = excess body weight; 95% CI = 95% confidence interval.
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followed by Māori with a decrease of 94 cases, 
Pacific with 56 cases and Asian with 26 cases.

In scenario two, the sex-specific impact shows 
a more significant reduction in cancer cases 
among females, with a total decrease of 350 cases. 
This substantial reduction is largely attributed 
to decreases in breast and uterine cancers.  
Conversely, males exhibit a reduction of 261 cases, 
predominantly in colorectal cancer.

Discussion
We estimate that between 2019 and 2023 there 

were 6,962 cancer cases among New Zealand 
adults aged over 30 years that could be poten-
tially attributed to EBW (5.1% of all cancers in 
this group). The overall PAF was higher in females 
(6.3%) than in males (4.1%), largely reflecting the 
associations of EBW with female-specific cancer 
risk. The overall PAF was highest for oesopha-
geal cancer (44.2%) and uterine cancer (36.7%). 
In absolute terms, the greatest number of cancers  
attributable to EBW were colorectal (1,801),  
followed by uterine (1,331) and breast among post-
menopausal females (1,231). Inequities are evi-
dent with higher proportions of EBW-attributable  
cancers within the Māori and Pacific populations. 
Pacific peoples had the highest PAF (11.8%), and 
this was highest among Pacific females (16.1%). 
Māori also had a higher PAF (6.9%) than European/
Other (4.5%).

The estimates of PAF of the New Zealand  
population can be compared with other  
published reports. However, there are differences 
in PAF estimates across studies, reflecting popu-
lation differences in the prevalence of EBW and 
the choice of relative risk estimates. Our estimates 
of PAF are slightly higher than those previously  
published for New Zealand.37 Blakely et al. 
reported a PAF for all cancers of 5.0% for males 
and 4.0% for females. For Māori, the PAF was a 
slightly less at 4.0% for males and slightly higher 
for Māori females at 5.0%. This difference is  
primarily a result of the different source used for 
estimates of relative risk and different estimates 
of EBW. 

In Australia, estimates of PAF are lower at 3.4% 
overall and for both males (2.5%) and females 
(4.6%). In the United States of America, 4.7% of 
cancers in males and 9.6% of cancers in females 
have been shown to be attributable to EBW.38 Our 
estimate for the PAF for colorectal cancer was 
slightly higher than that published by Richardson  
et al. (9%); however, this difference could be 

accounted for as our study looked at only those in 
the 30+ age group.39 

Our PAF modelling shows there is potential  
to impact cancer incidence by addressing the prev-
alence of EBW. In our first modelled scenario, 
reducing the BMI ≥30kg/m2 prevalence by half 
could prevent over 200 cancer cases annually, 
particularly in types such as uterine, colorectal 
and breast cancers. Differences were observed by 
ethnicity and sex, with the largest decreases seen 
in the European/Other group and in females. Our 
second scenario, which targets reductions in EBW 
across all BMI categories, suggests even greater 
potential reductions in colorectal and breast  
cancer incidences. 

The potential reductions in cancer burden 
under different scenarios are based on observed 
associations between EBW and cancer incidence 
at a population level. While these associations are 
well documented, our approach does not estab-
lish direct causality and does not account for 
potential mediating factors that may influence the 
relationship between weight loss and cancer risk. 
Furthermore, the timeframe over which weight 
reduction might lead to measurable changes in 
cancer incidence remains uncertain. As such, 
these projections should be interpreted as explor-
atory estimates rather than definitive predictions 
of causal impact. 

EBW increases cancer risk through a series of 
biological changes that promote tumour growth. 
In people with EBW, higher levels of insulin,  
insulin-like growth factor 1 (IGF-1) and leptin, 
combined with lower levels of protective  
adiponectin, create a pro-tumour environment. 
Leptin stimulates cancer cell growth and survival, 
while reduced adiponectin removes a natural 
defence against tumours.40 Specifically, gastro- 
intestinal cancers like gastric and colorectal 
cancer are linked to EBW through altered lipid 
metabolism and chronic inflammation. Visceral 
adipose tissue secretes pro-inflammatory cyto-
kines and promotes insulin resistance, fuel-
ling tumour progression in the gastrointestinal 
tract.41 In postmenopausal women, EBW raises 
oestrogen levels, increasing the risk of hormone- 
sensitive cancers such as breast and endometrial 
cancers.40 Additionally, EBW-related increases in 
insulin and IGF-1 not only drive cell growth but 
also inhibit apoptosis, thereby contributing to can-
cer development in multiple organs, particularly  
gastrointestinal sites.41,42 Type 2 diabetes mellitus 
also independently increases the risk of endome-
trial cancer, even when EBW is accounted for, and 
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the combination of both conditions further elevates 
the risk. This heightened risk is driven by chronic 
hyperinsulinaemia, insulin resistance and systemic 
inflammation, which together promote cellular  
proliferation and inhibit apoptosis. In women with 
EBW and diabetes, these processes are compounded, 
significantly contributing to tumour development.43 

New Zealand’s recent funding of advanced  
cancer medications represents an important step 
forward in the treatment of EBW-related cancers.44 
Immunotherapies—like pembrolizumab, now 
funded for advanced breast and colorectal cancer, 
nivolumab for kidney cancer and cetuximab for  
specific colorectal cancers—offer targeted treat-
ment approaches. These treatments are especially  
relevant as EBW is a known risk factor for cancers 
such as breast, kidney and colorectal. By making 
these advanced therapies accessible, New Zealand 
has strengthened its cancer control strategy, address-
ing both the burden of EBW and the pressing need 
for effective treatment options in populations at 
higher risk due to EBW.

While evidence on intentional weight loss 
reducing cancer risk remains limited,45 evidence 
supports bariatric surgery as an effective inter-
vention for lowering the risk of at least seven 
EBW-associated cancers, with the largest risk 
reductions seen in gynaecological cancers.46  
Specifically for endometrial cancer, post-surgery 
reductions in key inflammatory markers, such as 
interleukin-6 and tumour necrosis factor alpha, 
contribute to reversing cancer-promoting condi-
tions in the endometrium. Additionally, for women 
with precursor lesions like atypical endometrial 
hyperplasia, bariatric surgery has been effective 
in resolving these abnormalities, highlighting 
its potential in both cancer prevention and risk 
reduction for endometrial cancer in individuals  
with EBW.47 Furthermore, recent advances in 
pharmacotherapy are transforming the landscape 
for the treatment and management of EBW with 
clinical trials indicating marked weight reductions 
and health improvements.48 However, while  
bariatric surgery and pharmacotherapy show 
effectiveness in treatment, ensuring equitable 
access to these treatments is essential to achieving 
the benefits across populations.49 Integrated treat-
ment pathways, linked with non-medical, com-
munity-centred and compassionate ongoing care, 
are vital to optimising long-term health outcomes,  
particularly for those with higher health needs.50

Sustained reductions in the burden of EBW- 
related cancers will largely depend on preventing 
EBW rather than relying solely on treatment-based 

interventions. At a broader population health level, 
New Zealand has implemented multifactorial,  
multilevel interventions aimed at reducing the 
burden of disease associated with EBW. These  
initiatives include the Healthy Eating: Healthy 
Action Plan, the Food and Beverage Classification  
System and the Childhood Obesity Plan. While 
these plans demonstrate a commitment to 
addressing EBW, progress has been uneven,  
particularly among vulnerable populations, and 
addressing the high prevalence of EBW remains 
challenging, indicating that continued innovative 
action is required. The obesogenic/health- 
disrupting environment, heavily influenced by 
commercial determinants, continues to play a sig-
nificant role in shaping health behaviours. It has 
been argued that stronger, mandatory regulations, 
such as stricter advertising controls, taxation on 
unhealthy food components and improved food 
labelling, should be considered to complement 
existing voluntary measures.18,51 However, refining  
approaches and definitions is essential to enabling 
more equitable, non-stigmatising interventions 
that improve health outcomes related to EBW 
and enhance access to care for the most at-risk  
populations in New Zealand.5,52,53

Traditionally, the treatment, management and 
prevention of EBW focus on lifestyle. While per-
sonal choices in diet and exercise are essential, there 
is often an overemphasis on these factors, which 
tends to overlook the significant role that socio- 
economic disadvantage and systemic barriers play 
in shaping health outcomes. To effectively combat 
the root causes of EBW, it is essential to confront 
the underlying societal systems that contribute 
to weight gain. These systems include political, 
commercial, economic and socio-cultural dimen-
sions. Action to support people, whānau and  
communities living with or at risk of EBW needs 
to be multidimensional, including focussing on 
tackling the obesogenic environment through  
policy and implementation at a system level, 
alongside community-driven programmes.54,55

Individuals with EBW report experiencing bias 
and stigma when seeking healthcare, including 
differential treatment and weight-related stigma 
from healthcare providers.56–58 Large-bodied 
females have been shown to have lower screening  
participation due to experiences of negative 
weight bias from their healthcare providers.58 
In addition, treatments such as bariatric surgery 
demonstrate significant inequities in access.49 
Pacific individuals have been shown to receive 
these interventions at half the rate of Europeans  
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and Māori.59 This underscores the necessity of 
integrating strategies to eliminate bias and stigma 
in the development and implementation of  
programmes, services and policies aimed at  
preventing and treating EBW. Services looking  
to eliminate bias and stigma and to enhance equity 
might include incorporating Kaupapa Māori  
principles throughout their care pathway and  
introducing mentors who provide support and 
guidance to individuals undergoing the proce-
dures.50 Such measures are essential to ensure 
equitable healthcare access for all population 
groups. 

While this paper focusses on EBW and cancer, 
the considerations around language and destig-
matisation extend to broader discussions of body 
size and health. Stigmatisation affects individuals 
across the weight spectrum, including those with 
very low body weight, who may face assumptions 
related to disordered eating or aesthetic motiva-
tions. Acknowledging these dynamics reinforces 
the need for nuanced, respectful language in  
public health discourse to avoid reinforcing 
harmful stereotypes and to support equitable, 
person-centred health approaches. Language and 
compassionate messaging are critical components 
in shaping public perceptions and stigma around 
body weight in healthcare settings.1 The concept 
of an “ideal body weight”, frequently highlighted 
by the media and emphasised in the medical  
community as both achievable and necessary, may 
not only misrepresent the complexities of individ-
ual health but also contribute to undue pressure 
on individuals to attain an ideal weight standard. 
Such ideals often reinforce stigmatising attitudes 
and overlook the diversity of healthy body types. 
It is vital for healthcare providers, patients and the 
public recognise that even slowing weight gain and 
moderate or small sustained weight loss (5–10%) 
can lead to significant health improvements,  
especially in managing comorbidities associ-
ated with EBW like hypertension, elevated blood 
glucose and abnormal plasma lipid levels.52,60 
Thus, the focus of weight management strategies 
should shift from striving for an “ideal weight” to  
supporting realistic and health-centric goals, 
advocating for body diversity and challenging the 
stigma associated with varying body sizes.1,5

Moving forward, applying learnings from the 
destigmatising efforts in tobacco,61,62 infectious  
diseases,63 fat studies11 and Indigenous lived expe-
riences,10 health practitioners need to recognise 
the value of adopting a more pro-equity, non- 
deficit approach to not only addressing EBW but 

the barriers individuals face in accessing and  
navigating healthcare services. The discipline 
of fat studies offers insight into approaches that 
destigmatise and aim to dismantle the societal 
stigma tied to weight, which will go some way 
to breaking down service access barriers and 
stigma associated with weight.11 However, these 
approaches must ensure to continue to be carefully 
aligned with broader public health objectives and 
messaging.

The findings of this study highlight the impor-
tance of investing in programmes, services and  
policy initiatives that prevent and manage EBW in 
New Zealand, particularly with respect to improving  
cancer outcomes. Improved access to healthcare 
can be achieved by ensuring services adopt a 
non-stigmatising and more holistic approach to 
care, which will assist in breaking down barriers 
to access and ensure we are in a better position 
to respond to the needs of patients with EBW and 
prevent associated cancers.

Strengths
A strength of this current study was the use of 

cancer registry data, which is considered a full list 
of all primary cancers registered in New Zealand. 
In addition, we used relative risk estimates from 
meta-analysis of high-quality cohort studies of 
cancers where a causal link of EBW to cancer risk 
has been shown to have a robust dose–response 
relationship and a biological mechanism has 
been described. Our estimates of BMI came from 
a national representative survey and were not 
self-reported measures of BMI. 

Limitations
The reliance on relative risk estimates 

from overseas studies necessitates caution, as 
their applicability to the New Zealand context 
may be limited. This limitation is particularly  
relevant given the potential for differences in 
associations of EBW in certain ethnic groups 
within New Zealand, such as Māori or Pacific  
peoples, due to unique genetic, lifestyle or  
environmental factors.64 

An important limitation of this study is the 
broad categorisation of participants as “Asian”, 
which may mask considerable heterogeneity 
within this group. Differences in dietary practices 
and disease profiles between New Zealand-born 
Asians and recent immigrants may affect EBW- 
related outcomes. However, due to limitations 
of the data relating to EBW, we were unable to  
further subdivide the Asian category. Future  
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studies with more detailed subgroup data are 
needed to address these potential differences.

A further limitation is using BMI in calculating 
the PAF for EBW-related cancers. A critique of 
BMI is its inability to differentiate between fat 
mass and lean muscle, potentially leading to mis-
classification of an individuals’ EBW.65 While BMI 
is commonly employed as the primary indicator for 
assessing trends in body weight at the population 
level, it is important to recognise that it does not 
directly measure body fat but rather estimates it 
based on height and weight.21 

The medicalisation of EBW, particularly 
through the use of BMI, has also been critiqued for  
framing body weight as a medical condition 
requiring intervention, often neglecting the 
broader social, economic and behavioural factors 
that contribute to it. BMI, as a simplified measure, 
tends to focus on weight as the primary indicator 
of health, which can reduce complex health issues 
to a single metric without considering the full  
context of an individual’s health.66

The issues relating to BMI underscore the 
potential usefulness of other measures, such as 
waist circumference or waist-to-hip ratio, which 
may provide more specific insights into fat distri-
bution. These measures are especially relevant in 
assessing health risks associated with EBW, such 
as cancers where central or visceral fatness plays 
a crucial role.67,68 However, the scarcity of relative 
risk estimates based on alternate measures, coupled 
with the lack of population-level data using them, 
poses a challenge. Nonetheless, studies of disease 
burden indicate that the excess risk of disease asso-
ciated with EBW is evident, whether defined via 
BMI or waist circumference.69,70 It is also important 
to note the possibility of overestimation of EBW in 
some ethnic groups, particularly Pacific peoples, 
when using current cutoffs, given the previous 
findings of higher lean mass compared with  
Europeans.71 The absence of ethnic-specific cut-
offs for EBW highlights an area for future research 
and development of more culturally sensitive 
and accurate measures to address EBW’s health 
implications.

When assessing the impact of changes in EBW 
prevalence on the PAF for cancer, several limita-
tions must be acknowledged. First, the relation-
ship between EBW and cancer is complex and 
influenced by additional factors such as physical  
activity, diet and genetic predisposition, which 
may act as confounders. Our estimates assume 
that the effect of EBW is independent of these  
factors, but in reality, these influences overlap 

and collectively shape cancer risk at a population 
level. Second, EBW prevalence is not static and 
can change over time due to shifts in population 
health trends, lifestyle behaviours and environ-
mental influences. These broader changes not 
only affect the burden of EBW-related cancers but 
also contribute to fluctuations in overall cancer 
incidence across the population. Third, the impact 
of population-level changes in EBW prevalence 
on cancer incidence is not immediate or uniform 
across all cancer types. While some cancers may 
respond to long-term shifts in EBW prevalence, 
others may be less sensitive to these changes,  
making it difficult to estimate the exact timeline 
and magnitude of cancer reductions. Finally,  
population heterogeneity means that cancer 
risk varies across different demographic and 
socio-economic groups, making it difficult to  
generalise a single PAF estimate across the entire 
population.

While our estimates of cancer burden attrib-
utable to EBW are based on well-documented 
associations, they do not demonstrate direct  
causality. The PAF methodology relies on an 
assumed causal relationship between EBW and 
cancer incidence, grounded in observational 
data that may be subject to residual confounding 
and unmeasured variables. Nonetheless, strong 
biological mechanisms support this association. 
Despite the inherent challenges of establishing 
causality in cancer development, our findings 
highlight the considerable contribution of EBW  
as a modifiable risk factor and reinforce the 
importance of prevention strategies to reduce 
the future burden of EBW-related cancers. The 
PAF remains a valuable tool for estimating the 
relative significance of EBW and the potential 
impact of primary prevention efforts, and for 
contextualising global epidemiological evidence 
within the New Zealand population.

Conclusion
Between 2019 and 2023, we estimate that EBW 

contributed to over 6,900 cancers in New Zealand, 
representing a significant and preventable bur-
den on individuals, communities and the health-
care system. This study reveals clear inequities,  
particularly among Pacific women, whose PAF is 
nearly double that of the next closest group, Māori 
women. These differences underscore the need 
for tailored interventions that address the distinct 
socio-cultural, economic and environmental fac-
tors faced by these populations.
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Addressing the cancer burden associated 
with EBW requires a sustained and coordinated 
approach that prioritises the integration of EBW 
management within cancer control strategies.  
This includes focussing on prevention through 
culturally appropriate and community-driven 
programmes, particularly for Māori and Pacific 
populations. Equally important is reducing  
stigma and bias in healthcare settings to 
ensure equitable access to care, particularly for 
large-bodied individuals who may face barriers 
to receiving appropriate treatment. By adopting  
holistic, non-stigmatising approaches and improv-
ing access to services like bariatric surgery and  
weight management, we can significantly improve 
cancer outcomes for high-risk groups.

In conclusion, reducing the incidence of  

cancers associated with excess EBW and  
improving health equity in New Zealand will 
require a long-term, sustained commitment. 
This includes investing in culturally appropriate  
prevention programmes, ensuring equitable 
access to clinical services, such as bariatric surgery  
and weight management, and implementing  
initiatives that address stigma and bias in health-
care. These efforts must be integrated into  
accessible health pathways across communities, 
and within both primary and secondary care. 
By prioritising equity, eliminating weight-related 
stigma and addressing the broader determinants 
of EBW, we can reduce cancer rates and improve 
overall health outcomes, especially for those 
disproportionately affected, such as Māori and 
Pacific communities.
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Asian health trends in New Zealand 
from 2002 to 2021, and the case for 
dedicated research funding
Robert Scragg, Zhenqiang Wu, Sally F Wong

abstract
The proportion of the Aotearoa New Zealand population with Asian ancestry is growing, from 17% in the 2023 census to an expected 
26% by 2043. Thus, the health of the Asian community in New Zealand is increasing in importance. We have recently completed a 
major report on the health status of Asian people living in New Zealand since 2002 using data from the New Zealand Health Survey. 
While there have been some improvements, levels of most risk factors—such as fruit and vegetable intake, physical activity, alcohol 
intake and obesity—have worsened or not improved over the last 20 years. These have resulted in elevated risk of cardiometabolic  
disease, particularly among South Asians, at levels similar to those for Māori and Pacific. We have reviewed the funding of Asian 
health research by the Health Research Council of New Zealand since 2010 by searching the lay summaries of grants. We have found a  
mismatch between the number of funded grants and the size of the Asian population in New Zealand (respectively, 2.3% and 17% 
in 2023). The Health Research Council needs to ring-fence funding for Asian researchers so that Asian researchers have increased 
resources to research the major health issues that are adversely affecting their communities.

A otearoa New Zealand is currently in the 
middle of a profound change in the demo-
graphic composition of its people. The 

main change over the last 20 years has been in its 
ethnic composition. Data from the New Zealand 
census (Table 1) show that while the total popula-
tion increased from 2006 by 24% to nearly 5 million 
in 2023, larger increases have occurred in non- 
European ethnic groups. For Māori, the increase 
over this period has been 57%, and for Pacific 66%. 
However, the largest increase has been in the Asian 
community, which has increased from being 9% 
of the total population in 2006 to 17% in 2023—a  
relative increase of 143% from 2006. This increase 
is expected to continue so that 26% of the New  
Zealand population by 2043 will be Asian.1

Because of its increasing size, the health of the 
Asian community is of great importance for New 
Zealand, not only for individual Asian people but 
also for funding health services at the population 
level. Evidence has emerged over the last decade 
showing that some diseases remain elevated in 
the Asian community.4 Failure to address the 
causes of these diseases will impact adversely on 
the New Zealand health budget in the long term. 
In this paper, we describe key findings from a 
major report we have co-authored on the health 
of the Asian community in New Zealand, and the 
trends in health research funding by ethnicity. 
Together, these document a mismatch between 
the level of Asian health research funding and the 
disease burden affecting the Asian community.

Table 1: New Zealand population census: trends by ethnicity since 2006.2,3

Ethnicity
2006

N (% of total)

2013

N (% of total)

2018

N (% of total)

2023

N (% of total)
Increase from 
2006

Asian 354,552 (9%) 471,708 (11%) 707,598 (15%) 861,576 (17%) 143%

Māori 565,329 (14%) 598,602 (14%) 775,836 (17%) 887,493 (18%) 57%

Pacific 265,974 (7%) 295,941 (7%) 381,642 (8%) 442,632 (9%) 66%

Total 4,027,947 4,242,048 4,699,755 4,993,923 24%
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1. Asian health report
We have recently prepared a major report 

on the health of the Asian community in New  
Zealand.5 It is based on data collected in the New 
Zealand Health Survey from 2002/2003 up to the 
recent data release for 2020/2021. Briefly, the 
method used in the New Zealand Health Survey 
is as follows. 

Methods
All New Zealand Health Surveys have used a 

three-stage, stratified complex sampling method to 
over-sample Māori, Pacific and Asian participants 
to allow for ethnic-specific analyses of all three 
ethnicities, along with European and Other par-
ticipants.6,7 Face-to-face interviews were carried 
out in the homes of participants. Information was 
collected on the following topics: demographic 
status, health behaviours, health conditions 
and health service utilisation.8 This was done  
separately for children aged 0–14 years and adults 
aged ≥15 years, although only results for adults 
are reported in this paper.

Ethnicity was self-defined, and participants 
were allowed to choose their affiliation with more 
than one ethnic group, in which case the following 
priority for categorising ethnicity was applied: 
Asian, followed by Māori, then Pacific, and lastly 
European and Other. The Asian sample was  
further categorised, based on the coding available 
from the Ministry of Health – Manatū Hauora, into 
three groupings, with the following order of pri-
ority: South Asian (Indian, Fiji-Indian, Pakistani, 
Sri Lankan, Bengali, Nepali and Afghani), Chinese, 
and Other Asian.4 The ethnic-specific sample sizes 
for the two recent survey periods (2019–2021) 
for adults were: South Asian 805, Chinese 573, 
Other Asian 708, Māori 3,790, Pacific 1,000 and  
European and Other 12,532. 

Participants are weighted by the inverse of 
their sampling probability so that collectively 
those surveyed represent the total resident New 
Zealand population.5 For the difference across 
all ethnic groupings, the combined data from 
the 2019 to 2020 and 2020 to 2021 surveys were  
analysed to compare: All Asian (as reference,  
combined South Asian, Chinese, Other Asian), 
Māori, Pacific and European and Other, after 
controlling for age and gender (as appropri-
ate). Mantel–Haenszel common relative risks 
(RRs) for binary disease and prevention service 
variables were also calculated for selected two- 
ethnic grouping comparisons (European and 

Other as reference), adjusting for age and gender 
(as appropriate).

For trend analyses, comparisons among Asian 
were made using available data between the 
2002 to 2003 and 2019 to 2021 (as reference)  
surveys for adults aged 15 years and older. All 
p-values have been adjusted for age and gender as 
appropriate. Data were analysed using SUDAAN 
(version 11.0.4, Research Triangle Park, North  
Carolina, United States of America) and SAS 9.4 (SAS  
Institute Inc, Cary, North Carolina, United States 
of America). 

Results
Table 2 summarises selected adult data from 

the main report. It compares the four main  
ethnic groups (Asian, Māori, Pacific and European 
and Other) in the 2019–2020 and 2020–2021 sur-
veys combined, using Asian as the reference, and 
changes over time among Asian only since their 
first inclusion in the 2002–2003 New Zealand 
Health Survey.

Demographic variables
The Asian community in New Zealand has aged 

over the last two decades, with the proportion of 
Asian people aged ≥65 years increasing between 
2002 to 2003 and 2019 to 2021 (p=0.01), and is 
now similar to that for Pacific (p=0.13), but below 
that for Māori and European and Other (p<0.01). 
The length of time lived in New Zealand by Asian 
people has increased, with the proportion who 
have lived in New Zealand for ≥10 years, or who 
were born here, nearly doubling between 2002 
to 2003 and 2019 to 2021. The Asian community 
is very highly educated, with the proportion of 
Asian people with a university degree increas-
ing between 2002 to 2003 and 2019 to 2021, and 
it is currently much higher than in the other 
main ethnic groups. Over the same period, the  
proportion of Asian people on government  
support (e.g., unemployment benefit) has 
decreased such that it is a much lower propor-
tion than the other main ethnic groups, indicating 
that Asian people overall are net contributors to 
the government purse. Of concern, the propor-
tion of Asian people who report being a victim of 
an ethnically motivated verbal or physical attack 
has increased during the period from 2011 to 
2012 (the first year this was measured in the New  
Zealand Health Survey) to 2020 to 2021, and is 
now similar to that for Māori (but higher than 
that for Pacific and European and Other). 
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Health behaviours
The trends in health behaviours since 2002–

2003 are mixed, with some improving and others 
worsening. Pleasingly, the proportion of current 
smokers among Asian people has decreased 
during this period and currently is the lowest of 
the main ethnic groups. The pattern for physical 
activity itself is mixed, with no significant change 
between 2002 to 2003 and 2019 to 2021 in the  
proportion of Asian people who are active, 
although the proportion who are sedentary 
declined over this period. 

Of concern, the proportion of Asian people  
consuming the recommended five+ serves of fruit 
and vegetables each day has decreased between 
2002 to 2003 and 2019 to 2021, and currently is 
much lower than for Māori and European and 
Other groups. Alcohol consumption has also 
increased among the Asian community between 
2002 to 2003 and 2019 to 2021, based both  
on the proportion who drank alcohol in the last  
12 months and also the proportion reporting  
hazardous drinking (Alcohol Use Disorders  
Identification Test [AUDIT] score ≥89): however, 
their current percents for these are both lower 
than those of other ethnic groups. In addition, the 
proportion of Asian people with obesity (based 
on internationally accepted ethnic-specific defi-
nitions10,11) has doubled between 2002 to 2003 
and 2019 to 2021, so that it is only slightly lower  
currently than for Pacific but higher than for 
Māori (and European and Other).

Diseases
The above adverse behaviour profiles among 

Asian people for fruit and vegetable intake,  
physical activity and obesity are being manifested 
by increased risk of some chronic diseases. Table 
3 shows RR of disease separately for three Asian 
groupings (South Asian, Chinese and Other Asian) 
because of their different patterns, and for Māori 
and Pacific, in comparison with European and 
Other, adjusted for age and gender to remove 
confounding effects from these variables. The  
adjusted RRs of hypertension and high blood  
cholesterol are elevated by a similar amount in 
South Asian, Māori and Pacific, as is diabetes in 
South Asian and Other Asian (RR >3.0). In contrast, 
the risks of all of the above diseases are similar in  
Chinese to those for European and Other. In  
addition, the risk of cardiovascular disease is also 
lower in Chinese, as are asthma, arthritis and 
depression in all three Asian groupings. 

Prevention services
The level of prevention services provided in the 

last 12 months is a measure of the degree to which 
clinical services are responding to the adverse 
cardiometabolic disease profile of Asian people. 
Table 3 shows that South Asian people, along 
with Māori and Pacific, were more likely to be 
offered weight/height measurements, cholesterol 
testing and advice regarding exercise and physi-
cal health, compared with European and Other. 
Appropriately, increased testing for diabetes was 
also offered to South Asian, Other Asian, Māori 
and Pacific. Of concern, South Asian people were 
not more likely to be offered a blood pressure test 
in the last 12 months than European and Other, 
despite having a higher risk of hypertension. Also, 
all three Asian groupings were no more likely to 
be offered green prescriptions (advice to be physi-
cally active and eat healthily) or advice on weight 
than European and Other, in contrast to the  
situation for Māori and Pacific, who were, despite 
all three Asian groupings having elevated levels of 
obesity.5 These latter findings point to gaps in the 
prevention services offered to Asian people. 

In summary, the data in Table 2–3 on trends 
in health behaviours among Asian adults since 
2002–2003—with a worsening in the situation for 
fruit and vegetable intake, obesity and alcohol 
and no improvement in activity levels, along with 
the current elevated risk of cardiometabolic dis-
ease, particularly for South Asian, at levels similar 
to those for Māori and Pacific—indicate a societal 
and health system failure to improve the health 
of the Asian community, a need that was iden-
tified nearly 20 years ago.12 These findings are  
consistent with the report on Asian health in New 
Zealand in 2011–2013,4 and many are supported 
by additional New Zealand13 and international 
studies.14,15 

2. Health research funding
One important area that has the potential to 

identify possible factors contributing to worse 
health outcomes or preventing improvements 
is research—particularly government-funded 
health research. The Ministry of Health – Manatū 
Hauora eventually recognised the need to collect 
separate data from Asian people in the 2002 New 
Zealand Health Survey, 10 years after the first 
survey conducted in collaboration with Stats NZ 
in 1992–1993. It is the monitoring of the health 
status of Asian people in the New Zealand Health 
Surveys that has provided the data for our report5 
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Table 2: Summary of results from the New Zealand Health Surveys: trends in Asian people over time, current comparison with other ethnicities (adults only)—weighted percents.

Variable

2002–2003 survey, weighted % (p value #)
2019–2020 and 2020–2021 surveys combined, weighted 
% (p value #)

Asian, n=1,217 (6.2%)

Asian  
(reference), 
n=2,086 
(15.0%)

Māori, 
n=3,790 
(14.1%)

Pacific, 
n=1,000 
(5.7%)

European 
and Other, 
n=12,532 
(65.3%)

Demographic

Aged ≥65 years 5.3 (0.01) 7.2 9.5 (0.005) 9.3 (0.13)
25.0 
(<0.001)

Lived in New Zealand ≥10 years or New Zealand–born 29.5 (<0.001) 57.1 99.7 (<0.001) 87.0 (<0.001)
93.1 
(<0.001)

Have a university degree 35.6 (<0.001) 51.0 13.4 (<0.001) 10.1 (<0.001)
28.3 
(<0.001)

Receive government support 24.9 (<0.001) 13.3 39.1 (<0.001) 29.2 (<0.001)
34.3 
(<0.001)

Victim of ethnically motivated attack 24.2 (0.12)** 29.1* 29.6 (0.65)*
16.7 
(<0.001)*

13.9 
(<0.001)*

Health behaviours

Fruit and vegetables: 5+ serves/day 40.8 (<0.001) 28.3 37.1 (<0.001) 33.3 (0.19)
45.2 
(<0.001)

Physical activity

Active 40.1 (0.14) 45.2 54.9 (<0.001) 45.9 (0.39)
55.7 
(<0.001)
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Variable

2002–2003 survey, weighted % (p value #)
2019–2020 and 2020–2021 surveys combined, weighted 
% (p value #)

Asian, n=1,217 (6.2%)

Asian  
(reference), 
n=2,086 
(15.0%)

Māori, 
n=3,790 
(14.1%)

Pacific, 
n=1,000 
(5.7%)

European 
and Other, 
n=12,532 
(65.3%)

Sedentary 21.4 (0.004) 14.9 13.5 (0.13) 18.2 (0.13)
11.5 
(<0.001)

Current smokers 11.9 (0.001) 7.9 29.5 (<0.001) 20.6 (<0.001) 9.6 (<0.001)

Alcohol

In the last 12 months 49.8 (0.001) 60.7 82.4 (<0.001) 60.6 (0.27)
85.6 
(<0.001)

Hazardous drinking 4.5 (0.03) 9.2 42.6 (<0.001) 39.8 (<0.001)
24.1 
(<0.001)

Obesity 25.7 (<0.001) 52.9 38.7 (<0.001) 58.0 (0.02)
29.5 
(<0.001)

#Comparing 2019–2021 data for Asian.
*2020–2021 data.
**2011–2012 data.

Table 2 (continued): Summary of results from the New Zealand Health Surveys: trends in Asian people over time, current comparison with other ethnicities (adults only)— 
weighted percents.
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Table 3: Age- and gender-adjusted relative risks (RR) (95% confidence interval [CI]) compared with European and Other, among adults aged ≥15 years in the 2019–2021 surveys.

Variable

2019–2020 and 2020–2021 surveys combined, RR (95% CI)

South Asian Chinese Other Asian Māori Pacific
European and Other 
(reference)

Diseases

Hypertension 1.37 (1.01–1.85) 0.68 (0.49–0.96) 0.93 (0.67–1.30) 1.37 (1.26–1.50) 1.45 (1.20–1.75) 1.00

High cholesterol 1.71 (1.28–2.30) 1.07 (0.74–1.55) 1.25 (0.88–1.78) 1.31 (1.13–1.52) 1.56 (1.31–1.86) 1.00

Cardiovascular disease 1.00 (0.67–1.49) 0.49 (0.31–0.77) 0.68 (0.42–1.11) 1.16 (1.02–1.32) 0.98 (0.76–1.27) 1.00

Diabetes 3.26 (2.22–4.78) 1.20 (0.62–2.31) 3.05 (2.20–4.21) 2.28 (1.92–2.72) 4.19 (3.30–5.32) 1.00

Asthma 0.37 (0.25–0.53) 0.34 (0.21–0.55) 0.45 (0.30–0.69) 1.55 (1.36–1.76) 1.20 (0.94–1.53) 1.00

Arthritis 0.57 (0.39–0.82) 0.57 (0.41–0.80) 0.58 (0.42–0.81) 1.23 (1.12–1.36) 0.99 (0.81–1.21) 1.00

Depression 0.36 (0.21–0.62) 0.33 (0.16–0.70) 0.20 (0.11–0.36) 0.92 (0.77–1.08) 0.41 (0.27–0.62) 1.00

Prevention services provided in the last 12 months

Weight/height measure 1.29 (1.15–1.43) 0.97 (0.81–1.15) 1.02 (0.88–1.19) 1.26 (1.18–1.34) 1.34 (1.23–1.45) 1.00

Blood pressure test 1.06 (0.99–1.14) 0.86 (0.78–0.95) 0.94 (0.86–1.03) 1.08 (1.04–1.12) 1.09 (1.02–1.15) 1.00

Cholesterol test 1.42 (1.26–1.60) 1.04 (0.90–1.21) 1.02 (0.87–1.19) 1.19 (1.12–1.27) 1.26 (1.15–1.38) 1.00

Diabetes test 1.58 (1.34–1.86) 1.18 (0.97–1.44) 1.21 (1.02–1.43) 1.39 (1.28–1.50) 1.59 (1.43–1.77) 1.00

Green prescription 0.88 (0.34–2.30) 1.13 (0.33–3.94) 0.70 (0.30–1.61) 2.35 (1.65–3.35) 1.41 (0.81–2.48) 1.00

Health food/nutrition 1.34 (1.05–1.72) 0.92 (0.64–1.32) 1.24 (0.96–1.59) 1.87 (1.65–2.12) 2.45 (2.08–2.88) 1.00

Weight 1.11 (0.88–1.40) 0.71 (0.48–1.04) 0.95 (0.68–1.35) 1.81 (1.60–2.05) 2.31 (2.00–2.66) 1.00

Exercise/physical health 1.36 (1.11–1.68) 0.87 (0.58–1.32) 1.14 (0.87–1.49) 1.59 (1.41–1.80) 1.77 (1.50–2.09) 1.00
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and this article.
However, the main government funder of 

health research in New Zealand is the Health 
Research Council of New Zealand (HRC). What 
have they done over the last 10 years or so, during 
a period when the Asian community has become 
a major part of the New Zealand population, and 
after the publication of our previous report in 
2016,4 which found very similar findings to our 
current report? 

Methods
In order to explore the allocation of health 

research funding by ethnicity and track their trends, 
we extracted information on funded health research 
projects from the HRC Research Repository16— 
the main government funder of health research—
for the period between 2010 and 2023. The extracted 
data included the study title, year, approved budget, 
lead investigator, host organisation, proposal type 
and lay summary. 

We then searched the study titles and lay  
summaries, and categorised all funded studies 
into Asian-, Māori- and Pacific-focussed studies 
using the following keywords: Asian = Asian, Asia,  
Chinese, India; Māori = Maori, Māori, Mäori, 
Rongoā, Hauora, Whakatōhea, Wahine, Tangata 
Whenua, Tāne, Ngāti Rangitihi; and Pacific = 

Pacific, Pasifika, Tonga, Samoa, Cook Island, Fiji, 
Niue, Niuean, Tokelau, Ni-Vanuatu. Trends in the 
number of funded studies, and approved budget, 
by ethnicity and year were analysed. If a study 
mentioned more than one ethnic group, it was 
allocated to each one.

Results
Over the 14-year period from 2010 to 2023, 

a total of 2,685 studies were funded with an 
approved budget of NZ$1.55 billion. Around 1.2% 
(n=32) of these studies were Asian-focussed (had 
Asian-related keywords in the title or abstract), 
accounting for 1.1% (NZ$16.9 million) of the total 
approved budget.

Figure 1 and Appendix Table 1 show the annual 
number of HRC-funded studies during 2010–2023, 
by ethnicity of the study participants, based on 
key words in the titles or lay summaries of these 
studies. Over this period the total number of  
studies increased by over 60% (from 183 to 300 
per year), as did the number of studies where 
Māori or Pacific ethnicity was mentioned in 
the title or lay summary. In contrast, there has 
been no discernible increase in the number of 
studies with “Asian” in the title or lay sum-
mary. Further, the number of such studies is 
very low—far lower than the proportion that 

Figure 1: Annual number of funded studies by ethnicity.
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Asian people contribute to the total New Zealand  
population (Table 1). A similar pattern is seen for 
the approved budgets of funded studies (Figure 
2, Appendix Table 2). We acknowledge there are 
limitations with the method we used to identify 
studies with Asian participants. By relying on 
titles and lay summaries, we may have missed 
some studies that did have an Asian focus. The 
HRC has much more extensive data about funded 
studies that could be used to confirm or refute our 
findings.

3. Discussion
Given the mismatch between health needs, pop-

ulation size and health research funding, in our 
view the time has come for the main government 
funder of health research (i.e., HRC) to ring-fence 
funding for Asian researchers who submit grant 
applications focussing on Asian health. The HRC 
has twice in its past ring-fenced ethnic-specific 
funding. The first was for Māori, with the creation 
by the Health Research Council Act 1990 of the 
Māori Research Committee, which was provided 
with money ring-fenced for Māori researchers. 
This resulted in a flowering of research by and 
for Māori, which up until then had been blocked 
by the relative inexperience of Māori researchers 

operating in an openly competitive environment. 
This experience was repeated in 2017 when the 
HRC finally implemented a policy to ring-fence 
project funding (up to NZ$1.2 million) for research 
by and for Pacific.17 Since then, the number and 
funding of Pacific research has increased (Figure  
1–2). The ring-fencing of funds for Māori and 
Pacific researchers are both excellent examples of 
the benefits from such a strategy. 

The same arrangement is now needed for Asian 
researchers, e.g., starting with summer student-
ships, master’s scholarships, PhD scholarships and 
postdoctoral fellowships, as a recent review has 
found that the evidence base on Asian health in 
New Zealand is weak.18 Increasing the number 
of and funding for research by and for Asians is 
more likely to identify factors that are preventing  
improvements in health outcomes than the current 
situation that has remained or worsened over 
the last 20 years. This is also highlighted in the 
recently submitted petition for a National Health 
and Well-Being Policy/Strategy for Asian and 
MELAA Communities.19 Over time, the continu-
ing increase in the size of the Asian population 
will require research on other subpopulations, 
such as Filipinos and those who are gender 
diverse. The earlier decision by the Ministry 
of Health – Manatū Hauora to recruit sufficient 

Figure 2: Annual approved budget by ethnicity.
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Asian participants in the 2002–2003 New Zealand 
Health Survey is an example of the benefits that 
flow from a policy that allows for the carrying out 
of ethnic-specific analyses.

4. Conclusion
The health of the Asian community has 

not improved over the last 20 years. Given its  
rapidly increasing size in New Zealand, and the 
limited funding currently awarded for Asian 
health research, funding agencies such as the  
HRC need to ring-fence and increase funding 
for Asian researchers so that they can identify  
solutions within their communities to rectify this 
situation. 
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Appendix

Appendix Table 1: Annual number of funded studies by ethnicity.

Year
Number 
of funded 
studies

Māori Pacific Asian

n Percent n Percent n Percent

2010 183 75 41.0% 23 12.6% 3 1.6%

2011 177 66 37.3% 25 14.1% 0 0.0%

2012 129 36 27.9% 31 24.0% 1 0.8%

2013 133 36 27.1% 28 21.1% 1 0.8%

2014 162 44 27.2% 22 13.6% 2 1.2%

2015 130 51 39.2% 22 16.9% 0 0.0%

2016 191 57 29.8% 45 23.6% 4 2.1%

2017 157 41 26.1% 39 24.8% 4 2.5%

2018 170 49 28.8% 37 21.8% 0 0.0%

2019 163 56 34.4% 37 22.7% 3 1.8%

2020 320 113 35.3% 65 20.3% 3 0.9%

2021 254 117 46.1% 63 24.8% 3 1.2%

2022 216 102 47.2% 37 17.1% 1 0.5%

2023 300 128 42.7% 63 21.0% 7 2.3%

One study can be categorised into more than one ethnic-focussed category.
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Appendix Table 2: Annual approved budget by ethnicity.

Year

Total 
approved 
budget, 
NZD 
(million)

Māori Pacific Asian

Budget Percent Budget Percent Budget Percent

2010 96.6M 23.3M 24.2% 15.4M 15.9% 1.7M 1.7%

2011 96.4M 27.9M 29.0% 10.4M 10.8% 0.0M 0.0%

2012 78.2M 17.5M 22.4% 12.3M 15.7% <0.01M 0.01%

2013 78.2M 13.1M 16.8% 6.0M 7.7% 0.4M 0.5%

2014 121.9M 30.8M 25.2% 19.9M 16.3% 0.7M 0.5%

2015 72.7M 12.8M 17.6% 7.7M 10.6% 0.0M 0.0%

2016 130.7M 29.1M 22.2% 9.8M 7.5% 3.2M 2.5%

2017 103.3M 26.4M 25.6% 20.0M 19.4% 1.1M 1.1%

2018 124.7M 26.0M 20.8% 16.1M 12.9% 0.0M 0.0%

2019 100.8M 34.4M 34.2% 17.1M 17.0% 0.6M 0.6%

2020 149.5M 53.0M 35.5% 22.7M 15.2% 1.0M 0.7%

2021 110.0M 52.3M 47.6% 23.6M 21.4% 1.5M 1.4%

2022 154.9M 69.0M 44.5% 18.9M 12.2% 1.1M 0.7%

2023 134.3M 66.3M 49.4% 27.0M 20.1% 5.6M 4.1%

One study can be categorised into more than one ethnic-focussed category.
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Scurvy in the modern era: a case of 
vitamin C deficiency with unexplained 
bruising and anaemia
Akram Shmendi

Scurvy,1 caused by a deficiency in vitamin C 
(ascorbic acid), is a rare but still relevant  
diagnosis, particularly in individuals with 

poor dietary habits or certain social vulnerabilities.  
The condition results from insufficient vitamin 
C, which plays a key role in collagen synthesis, 
wound healing and maintaining the integrity of 
connective tissues. Although scurvy was once 
common among sailors and soldiers who lacked 
access to fresh fruit and vegetables,2 it remains 
an occasional diagnosis in contemporary clinical  
practice, especially among those who have an 
unbalanced diet, social vulnerability, alcoholism 
and severe psychiatric disorders.3 We report the 
case of a 62-year-old male who presented with 
right leg swelling, bruising and anaemia, initially 
suspected of having deep vein thrombosis (DVT) 
or a coagulation disorder, but was later diagnosed 
with scurvy.

Case report
Patient history and presentation

A 62-year-old NZ European male presented to 
the emergency department (ED) with a 1-week 
history of right leg swelling and bruising, without 
any history of trauma. His past medical history  
included previous treatment for stage T4a N2a 
squamous cell carcinoma of the right tonsil in 
2007, treated with chemoradiotherapy. He also 
had chronic thoracic back pain from a prior 
trauma. He was an ex-smoker, having quit 14 
years ago, and denied alcohol consumption, over-
the-counter medications, supplements or herbal 
remedies.

Upon presentation, the patient reported  
initially noticing small red spots on his right knee 
a week earlier, which had progressed to significant  
bruising and swelling of the right leg. He also 
described similar lesions on his left leg. Over 
the following days, he developed shortness of 
breath on exertion and dizziness upon standing.  
However, he denied any gastrointestinal bleeding,  

including melena, haematuria or oral bleeding. 
He also denied any recent infections or prior 
bleeding episodes, and there was no family  
history of bleeding disorders.

Clinical examination
The patient appeared alert and comfortable,  

with a slim build. His blood pressure was 
140/90mmHg in the supine position, dropping 
to 87/67mmHg upon standing, with a heart rate 
of 100 beats per minute. Examination revealed 
non-palpable, non-tender petechiae on the left 
leg, alongside extensive ecchymoses and swelling 
of the right leg. The oral mucosa was normal, and 
there were no signs of bleeding from the gums. 
Otherwise, his examination was unremarkable.

Investigations
Initial blood tests revealed normocytic  

normochromic anaemia with a high reticulocyte 
count and normal iron studies, B12 and folate  
levels. Peripheral blood smear showed normocytic  
red cells with increased polychromatic cells and 
target cells, but no fragments or spherocytosis.  
Liver function tests were normal apart from 
mildly raised total bilirubin (34µmol/L) and conju-
gated bilirubin (15µmol/L), with a slight increase 
in haptoglobin levels. Lactate dehydrogenase  
(LDH) was normal, and renal function was intact. 
Coombs test was negative. Given the patient’s 
shortness of breath and dizziness, a computed 
tomography pulmonary angiogram (CTPA) was 
performed by the ED doctor, which ruled out  
pulmonary embolism. Ultrasound of the right  
leg excluded deep vein thrombosis (DVT). A  
dermatology consult was requested for probable 
cutaneous vasculitis causing extensive bruises 
and swelling. The patient exhibited perifollicular 
haemorrhages and corkscrew hairs on the right 
leg, which were strongly suggestive of scurvy. The 
absence of bleeding in the oral mucosa, gums or 
other mucosal surfaces and the patient’s poor 
dietary intake led to a diagnosis of scurvy. The 
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lack of typical findings for vasculitis, such as  
oral ulceration or systemic symptoms, further 
supported this diagnosis.

Diagnosis and management
The diagnosis of scurvy was confirmed 

after the patient’s vitamin C levels were found 
to be severely low (<1µmol/L; normal range: 
26–85µmol/L). Given the clinical features, including  
the characteristic dermatological signs and the 
patient’s inadequate intake of fruit and vegetables,  
treatment with high-dose vitamin C (250mg twice 
daily) was initiated. Over the following days, 
the patient’s bruising and leg swelling improved 
significantly, and he reported a reduction in his 
symptoms of shortness of breath and dizziness.

Discussion
Scurvy is a disease that results from a  

deficiency of vitamin C, which is essential for 
the hydroxylation of proline and lysine residues 
in collagen. This deficiency leads to impaired  
collagen synthesis, resulting in weakened blood 
vessels, which can cause bruising, petechiae and 
poor wound healing.3 In severe cases, scurvy 
can lead to spontaneous bleeding, bone pain and 
anaemia. It is most commonly seen in individuals 

with limited access to fresh fruit and vegetables, 
or those with psychiatric disorders, alcoholism or 
eating disorders.3

In this case, the patient’s clinical presentation 
—marked by easy bruising, leg swelling and  
anaemia—initially raised concerns of a coagulop-
athy, DVT or vasculitis. However, the absence of 
systemic inflammatory signs, the patient’s lack 
of trauma and the characteristic dermatological  
signs led to the diagnosis of scurvy. Notably, 
scurvy can mimic vasculitis, especially in patients 
presenting with purpura or ecchymosis, making it 
important to consider in the differential diagnosis.

Conclusion
Scurvy remains an important diagnosis in 

patients with unexplained bruising, anaemia and 
impaired wound healing, especially those with 
poor nutritional intake or risk factors for vitamin  
C deficiency. Early recognition and treatment 
with vitamin C supplementation can result in 
rapid improvement and prevent complications. 
This case highlights the importance of obtaining 
a detailed dietary history and considering nutri-
tional deficiencies in the differential diagnosis of 
bleeding disorders.

Figure 1: Lower limb ecchymosis with perifollicular haemorrhage and corkscrew hairs.
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Splanchnic Analgesia.
NZMJ, 1925

By J.W. COSTELLO, M.B., Ch.B., Napier Hospital.

In the following series of eight cases of upper 
abdominal operations, the general condition 
of the patients was such that everything that 

could be done to diminish shock was of primary 
importance, and it was thought that in splanch-
nic analgesia this to a large extent would be  
eliminated in addition to conferring other  
advantages on the patient.

With the permission and helpful assistance 
of Dr. J. Allan Berry I was enabled to use this 
method of anæsthesia for some of his cases in an 
attempt to reduce the shock, heart strain and post- 
operative distress to a minimum, with results that 
would suggest its suitability for use over a much 
wider range of cases. 

As with every form of local anæsthesia the phys-
ical condition of the patient must be considered,  
as well as the fact that it is impossible in most cases 
to prevent certain sensations caused by traction 
on the peritoneum or mesentery which although 
not described as painful by the patient are such as 
to cause apprehension. The fear of pain together 
with the somewhat awesome sights and sounds 
of the operating theatre, would appear often to 
more than counter-balance the advantages of the 
local nerve-blocking in the prevention of shock, 
even when the operation is preceded by liberal 
injections of morphine and hyoscine, and for this 
reason most of the cases were given a light ether 
anæsthesia throughout—from one to one-and-
a-half ounces per hour was all that was required 
to keep them in a quiet sleep, from which they 
would occasionally waken sufficiently to talk to the  
anæsthetist. Complete relaxation of the abdom-
inal muscles and the absence of any straining or  
forcible breathing were maintained for periods 
varying between 1¼ and 1¾ hours, after which 
any further anæsthesia required had to be 
obtained by increasing the amount of ether used. 
On return to the ward consciousness was recov-
ered in from 5 to 20 minutes, the pain in all cases 
seemed to be somewhat less than after general 
anæsthetics, and there was a remarkable freedom 
from vomiting or nausea. In most cases the chief 
difficulty was to persuade the patients that they 
were unable to go back to a full diet on the first or 

second day after operation.
TECHNIQUE.—The patients are prepared by 

giving liberal quantities of glucose and fluids and 
sufficient sod. bicarb. to render the urine alka-
line, for 24 to 48 hours before operation. At least 
an hour before leaving the ward they are given 
1–6 to 1–8 gr. Morphine and 1–150 to 1–250 gr. 
hyoscine, according to their condition, and this 
dose is repeated, if the first is well tolerated, just 
before being taken to the theatre. Blood-pressure 
and pulse record are made before starting the 
splanchnic injections which consist of 25 to 30 c.c. 
1 per cent. novocain with 5 to 10 minims adren-
aline on either side of the body of the twelfth  
thoracic and first lumbar vertebra, according to 
the method described by Labat. With the patient 
on his side and a pillow to keep the vertebral  
column straight, a perpendicular line is dropped 
to meet the last rib at a distance of 7 c.m. from 
the mid-line and a lumbar puncture needle 
inserted at an angle of 45 degrees with the sagit-
tal plane of body till it comes in contact with the 
body of the first lumbar vertebra—the point of the  
needle is then withdrawn and raised till it can be 
felt passing just tangentially to the anterior surface 
of the vertebral body. It is then pushed in 1 c.m. 
further, and 15 to 20 c.c. of the solution injected 
slowly. The syringe should be aspirated before 
and at intervals during the injection to be sure the 
needle is not in a blood vessel. If the point of the 
needle is in correct position very slight pressure 
is needed, the weight of the piston being almost 
sufficient to diffuse the solution through the loose 
tissues surrounding the coeliac plexus. The needle 
is then withdrawn till the point is in the subcuta-
neous tissues and reintroduced in a similar way 
till it just grazes the anterior surface of the sec-
ond lumbar vertebra, it is then pushed in 1 c.m. 
further and 10 to 15 c.c of the solution injected—
the process is then repeated on the other side. The 
danger of penetrating some of the large vessels is 
not great if care is taken to keep the point of the 
needle in contact with the body of the vertebra 
and to pass it not more than 1 c.m. further once 
it is felt to graze the anterior surface—with a little 
practice on the cadaver the necessary landmarks 
can easily be acquired. 

After these injections there occurred in all 



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2025 May 2; 138(1614). ISSN 1175-8716
https://www.nzmj.org.nz/ ©PMA 

100 years ago 127

cases a pronounced fall in blood-pressure and 
a degree of collapse that at times seemed rather 
alarming, but when turned on their backs and kept 
quiet for 10 to 15 minutes, during which time the 
abdominal wall was injected, all the cases made a 
rapid recovery and the operation was not started 
till the blood-pressure was rising again. 

The initial shock of the splanchnic injections 
was minimised by slow injection and keeping 
the temperature of the solution at 100 degrees F. 
In some cases the use of more adrenalin in the 
splanchnic injection and less in the abdominal 
wall seemed to lessen the disturbance also. Never 
more than a total of 15 to 20 minims adrenalin 
was used for all the injections. The abdominal 
wall is then anæthetised with from 60 to 80 c.c., ½ 
per cent. novocain on either side—the injections 
being made in two layers—into the muscles and 
subcutaneously. The former can be made either 
into the lateral border of the rectus or along the 
costal margin and down to the iliac crests on both 
sides beneath the deep fascia covering the oblique 
muscles; of the two the latter is no more difficult 
and gives a wider area of relaxation. By the time 
the injections are completed, 20 to 30 minutes 
from starting, the patient is recovering from the 
first shock of the injection and full anæsthesia of 
the abdominal wall and abdominal contents is 
present. Whilst making the splanchnic injections 
a light third degree anæsthesia is preferable, as 
even with the minimum of scratching of the bone 
of the vertebra it is a painful process, described 
as the most painful part of the whole operation by 
two patients who had no general anæsthesia at all. 
As soon as the posterior injections are completed 
the anæsthetic can be stopped till the abdomen is 
opened. 

The following is a record of the cases:—
(1) Male, 60, shepherd. Abdomen tensely  

distended with hydatids. History suggestive of 
heart failure for several months past—marked 
signs of pressure on thoracic organs—dullness 
and many coarse creps. both bases—liver at 
upper margin of fourth rib on inspiration—heart 
lying almost transversely with apex 2 inches out-
side nipple in fourth space. X-ray not suggestive of 
any hyatids in thorax. 

Throughout the operation the patient insisted 
on having his head raised sufficiently to see what 
was going on and his interest in the number of 
cysts of all sizes being washed out of his abdomen 
was only diverted by an occasional mouthful of 
brandy. At the end of 1½ hours after starting the 
operation, just before closing the abdomen, a firm 
pull on the liver with the hand between it and 

the diaphragm caused no comment, except that it 
made him feel a little sick.

He returned to the ward with a strong steady 
pulse of 99 which had fallen to 85 by the evening 
and the general condition of the patient was very 
good till about midnight, when he collapsed while 
attempting to sit up in bed. The pulse recovered 
for a few hours and then failed rapidly, death 
occurring about 18 hours after the operation. The 
condition of the patient was so good for 12 hours 
after the operation that the sudden collapse seems 
to be more due to the effect of the patient’s efforts 
to sit up, on a heart already labouring under some 
extreme changes of pressure, rather than to the 
shock of the operation.

(2) Male, 47, railwayman. Extensive carcinoma 
of pylorus with marked cachexia and general 
debility. He had a complete anæsthesia and relax-
ation for 1½ hours, during which time a partial 
gastrectomy and wide dissection of the glands in 
mesentery was done. The first ether was given 
whilst closing the peritoneum  which was a dif-
ficult one to approximate in the upper part of the 
wound. He was fully conscious a few minutes after 
return to the ward, with a strong pulse, between 
70 and 80, there was no vomiting, restlessness 
or abdominal tension, and the patient was up 
and eating well a week later. He was discharged 
15 days after the operation in rapidly improving  
condition; ten months later he reported himself to 
be fit and working harder than at any time during 
the past 8 years. 

(3) Female, 60. Diagnosed as extensive carcinoma 
of the stomach—marked emaciation, and heart 
sounds weak—tic-tic rhythm and frequent extra 
systoles, response to effort poor, three million reds, 
45 per cent. Hb. Kept under observation for several 
months and decided to be inoperable, till test-meals 
and a slight improvement in her general condition 
threw some doubt as to whether the condition was 
carcinoma. Operation showed two chronic ulcers 
with extensive infiltration of the stomach wall. 
Ulcers were excised and gastro-enterostomy  
performed. The patient was kept under light 
ether most of the time, but was allowed to become  
conscious one hour after the operation started; 
she had no complaint to make except to want a 
drink. Fully conscious and feeling well 10 minutes 
after return to the ward, she never vomited, nor 
had any nausea—there was moderate distension 
of the abdomen for several days, beyond which 
very little discomfort was complained of. She was 
discharged feeling very well three weeks after the 
operation.
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AIMS
To develop a real-time model that incorporates 

current road conditions to estimate spatial access to 
health services daily, at the address level. 

METHODS
National highway road-closure data were  

collected from the New Zealand Transport Agency 
Application Programming Interface. Data about 
local road closures were scraped from local council 
websites. A road network from Open Street Maps 
was modified by removing any closed highways or 
local roads. The distance from each address in the 
Manawataki Health Region, through this new road 
network, to the nearest hospital was calculated. 
The programme was automated to run each day in  
January, using current road conditions for that day 
to estimate hospital accessibility.

RESULTS
Daily estimates of hospital accessibility were 

successfully automated, with variations in spatial 
accessibility over time noted. However, the impor-
tance of data quality for the accuracy of this model 
is paramount. Reporting structures and formats 
meant that data obtained from some local councils 
were found to be imprecise or unreliable at times. 

CONCLUSIONS
This approach shows potential for quickly esti-

mating access to health services under changing 
road conditions, such as during and after extreme 
weather events. NZTA and local councils should be 
encouraged to work together to improve the reporting 
of road closures. 

“LOOK BELOW THE CROTCH”: 
PROVIDER-PERCEIVED SYSTEMIC 

BARRIERS TO PODIATRY CARE 
IN THE WAIKATO REGION, 
AOTEAROA NEW ZEALAND
Lynley Uerata,1 Nina Scott,1 Amy Jones,1 
Jade Tamatea,1,2 Polly Atatoa-Carr,1,3 Lynne 
Chepulis,4 Ryan Paul,1,4 Haylee Simon,1 
Tia Dargaville,1 Ross Lawrenson4

1Hauora Māori Services, Te Whatu Ora Waikato, 
Hamilton, Aotearoa New Zealand
2Faculty of Medical and Health Sciences, 
Te Kupenga Hauora Māori, The University 
of Auckland, Aotearoa New Zealand 
3Te Ngira: Institute for Population Research, University 
of Waikato, Hamilton, Aotearoa New Zealand 
4Waikato Medical Research Centre, University of 
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BACKGROUND
Foot and leg problems are more prevalent for  

people living with chronic disease. Yet, access to podi-
atry care rarely arises as a significant determinant of 
health. While barriers to podiatry care at individual, 
whānau (family) and healthcare provider levels have 
been described, the core systemic barriers are rarely 
identified and discussed. Proposed solutions to poor 
access tend to ask providers to operate differently 
and/or for health pathways to be simplified, rather 
than address the main drivers of poor access to 
podiatry care. 

METHOD
Kaupapa Māori and mixed-method approaches 

were weaved to undertake recorded focus groups 
with 21 Māori living with chronic disease and 
semi-structured engagements with 127 healthcare 
providers between 2021 and 2023. These conver-
sations explored participants’ perspectives on the  
barriers to podiatry care and how to improve the 
way it is provided. 

FINDINGS
While podiatry care was easy to access for some 

Māori patients, it was the most difficult form of 
healthcare to access for others. Healthcare providers 
described a diversity of interconnected barriers that 
are overarching and across the referral pathways 
that hindered and delayed access. These barriers 
all emerge from the way podiatry care is structured 
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and funded in the Waikato Region, how primary 
and secondary care operate, and workforce short-
ages both regionally and nationally.

CONCLUSION
Barriers to podiatry care continue to be sig-

nificant for Māori patients and can lead to poor  
outcomes including amputation. The current 
approach to podiatry care is equity negative and 
helps to increase inequities between Māori and 
non-Māori New Zealanders. Podiatry care must be 
re-designed to make it more accessible for Māori 
patients and whānau/families and must include 
stronger connections between secondary and  
community podiatrists.

IMPLEMENTATION OF STEREOTACTIC 
ABLATIVE RADIOTHERAPY (SABR) 
FOR LIVER LESIONS AT WAIKATO 
REGIONAL CANCER CENTRE (WRCC)
Jordan Mckenzie, Marina Izman, Omer 
Ali, John Chin, Komeela Naidoo
Department of Radiation Oncology, Te Whatu 
Ora Waikato, Hamilton, New Zealand 

The Waikato Regional Cancer Centre (WRCC) has 
recently implemented stereotactic ablative radio-
therapy (SABR) as a treatment option for metastatic 
liver lesions. SABR offers a non-invasive alternative 
to surgery, delivering high-dose radiation with min-
imal toxicity. While surgical resection remains the 
preferred treatment, approximately 25% of patients 
with liver lesions are eligible. This abstract outlines 
our implementation process for liver SABR.

A multidisciplinary approach was essential for 
implementation, involving the development of  
comprehensive patient management guidelines, 
including strict inclusion and exclusion criteria 
to ensure patients could tolerate treatment. Eligible 
patients underwent a pre-simulation quality assurance 
(QA) assessment, followed by treatment planning and  
delivery. Treatment involved up to five sessions over 
1 to 2 weeks. Treatment planning was conducted 
using Varian Eclipse V16, with delivery on the 
Varian TrueBeam system. Each patient’s treatment 
underwent rigorous quality control (QC) assess-
ments performed by the medical physics team.

To date, four patients have been treated. The average 
gamma pass rate for quality control tests was 98% 
(2%, 2mm criteria). Full target coverage (100% of 
the prescribed dose) was often compromised due 
to the proximity of the liver to organs at risk (OAR), 
such as the bowel, heart and remaining liver paren-
chyma. Accurate targeting was further complicated 

by respiratory motion. However, advancements in 
imaging technology, including cone-beam CT (CBCT) 
and motion management strategies, have helped 
mitigate these challenges.

The liver SABR protocol is continuously reviewed 
and refined to optimise patient outcomes, with 
ongoing monitoring of efficacy and toxicity.

ADDISON’S DISEASE AND ADRENAL 
CRISIS: A PHENOMENOLOGICAL 
STUDY OF THE PATIENT EXPERIENCE
Sarah L Fostekew, MN,1 Patrea R Andersen, 
PhD,1,2,3 Isaac Amankwaa, PhD4,5 

1Centre for Health and Social Practice, Waikato 
Institute of Technology, Hamilton, New Zealand 
2School of Nursing, Midwifery and Social Science, 
Central Queensland University, Australia
3School of Health, University of the 
Sunshine Coast, Australia
4Health Sciences, Auckland University of 
Technology, Auckland, New Zealand
5Faculty of Health, University of Canberra, Australia

This study aimed to investigate the lived experi-
ences and issues central to patients with Addison’s 
disease when they are hospitalised due to an adre-
nal crisis. Interpretive phenomenology was used 
to explore and understand the experiences of six  
participants with a diagnosis of Addison’s disease 
who had experienced one or more adrenal crises. 

Their shared experiences were analysed using 
Braun and Clarke’s thematic analysis. 

Three key themes arose from the analysis that 
explained participants’ experiences: responding, 
adjusting and learning. The “Addison’s and adrenal 
crisis patient experience model” was developed to 
illustrate how responding, adjusting and learning 
impact the patient experience. 

To support future patients with Addison’s  
disease, this inquiry recommends education for 
healthcare practitioners in primary care and sec-
ondary services, particularly medical practitioners, 
nurse practitioners and nurses who are likely to aid 
treatment of adrenal crises. 

The development of a support group for  
people living with Addison’s disease to be able to 
connect and share experiences was suggested by 
the participants. This in conjunction with educa-
tion programmes may prevent adrenal crises and 
hospitalisations. 

The development of a clinical guideline is recom-
mended to best support and instil confidence for 
healthcare practitioners, their patients and families.
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BACKGROUND
Retrospective clinical studies and preclinical  

studies demonstrated that statin use during preop-
erative (chemo)radiation (pCRT) for rectal cancer 
is associated with improved survival, response and  
toxicity. Tumour regression following pCRT has 
strong prognostic significance and can be assessed 
using MRI-based tumour regression grading 
(mrTRG), including with non-operative manage-
ment. SPAR was designed to prospectively evaluate 
the benefits of adding simvastatin (SIM) to pCRT on 
tumour regression and gastrointestinal (GI) adverse 
events (AE).

METHODS
SPAR is a double-blind randomised phase 2 trial 

investigating SIM/placebo (PBO) in addition to long-
course fluoropyrimidine-based pCRT for rectal  
adenocarcinoma. Stratification included trial site, 
clinical T stage (< 4 vs 4), clinical N stage (< 2 vs 2), 

either mesorectal fascia involvement (MRFI) or 
extramural venous invasion (EMVI) on MRI (yes vs 
no) and total neoadjuvant therapy (TNT): induction 
vs consolidation chemotherapy vs none. Study treat-
ment was SIM 40mg/PBO daily for 90 days, starting 1 
week prior to pCRT; recent statin use was excluded. 
Pelvic MRI was repeated 6–8 weeks after pCRT 
to determine mrTRG. An amendment in January 
2022 allowed TNT with either induction or consol-
idation chemotherapy; the timing of post pCRT MRI 
remained unchanged. The design was amended to 
open-label due to PBO supply issues. Primary objec-
tive: rate of centrally assessed grade 1–2 mrTRG. 
Secondary objectives include centrally assessed 
favourable pathologic TRG (pathTRG), safety and 
cancer outcomes. Analysis was by intention-to-treat.

RESULTS
Between April 2018 and November 2023, 135 of 

222 planned participants from 17 sites in Australia 
and New Zealand were randomised (68 SIM; 67 no 
SIM). Recruitment was hampered by the COVID-19 
pandemic and adoption of TNT as standard care 
before the protocol amendment. Participant charac-
teristics: median age 59 years; 85 (63%) males; 118 
(87%) T2–3 disease, 80 (59%) N0–1 disease; 55 (41%) 
MRFI or EMVI; 25 (19%) had TNT. Rates of grades 
1–2 mrTRG with SIM vs no SIM were 38.5% and 
29.7% (X2=1.09, p=0.30), respectively. There was 
no significant difference in rates of grade 2 GI and 
non-GI AE. Four serious AE were recorded, none 
related to study treatment. Median follow-up was 
3.2 years. Three-year local recurrence rates (LRR) 
were low: 1 (2.2%) and 3 (5.5%) with SIM vs no SIM, 
respectively (HR: 0.29, 95% Cl: 0.03–2.67, p=0.26). 
Three-year disease-free survival (DFS) with SIM vs 
no SIM was 84% and 72%, respectively (HR: 0.48, 
95% Cl: 0.21–1.08, p=0.07).

CONCLUSIONS
The rates of favourable mrTRG, 3-year LRR and 

DFS were numerically better with the addition of SIM 
to pCRT, though the differences were not statistically 
significant. SIM was well tolerated. Interpretation is 
limited by reduced sample size and statistical power. 
PathTRG and other key outcomes will be presented 
at the meeting.

“DO YOU EAT BOIL UPS?”: MĀORI 
PATIENT EXPERIENCES OF DIETETIC 
CARE AND NUTRITION SUPPORT 
AT WAIKATO HOSPITAL
Lynley Uerata,1 Nina Scott,1 Amy Jones,1 
Jade Tamatea,1,2 Polly Atatoa-Carr,1,3 Lynne 
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BACKGROUND
People living with chronic disease can expe-

rience many challenges around nutrition and  
malnutrition, which can be complicated by the 
cost of living and the way food systems operate.  
Dietitians have a role in supporting patients and 
whānau/family through these challenges and by 
providing evidence-based nutrition support about 
nutrition and food. This presentation describes the 
experiences of Māori patients in relation to kai/
food and when engaging with dietitians at Waikato 
Hospital. 

METHOD
Kaupapa Māori and mixed method approaches 

were used to undertake 1) recorded focus groups 
with 21 Māori patients living with chronic  
disease and 2) semi-structured interviews with four 
additional Māori patients about their experience 
of speaking to a dietitian at Waikato Hospital. The  
former patients were asked about the wider deter-
minants of health affecting their lives, including 
the experiences of food, nutrition and speaking to 

a dietitian. The latter patients were asked: How was 
your experience of speaking to a dietitian? How did 
they help you?

RESULTS
Participants valued dietetic care and nutrition 

support that was specific to their health condition 
and when healthcare providers teamed up to talk 
through related issues. Some advice was difficult 
for patients and whānau to connect to for economic, 
whānau and cultural reasons. Some patients felt 
their dietitian did not know how to approach kai 
Māori (Māori food practices) and some kai were  
targeted as “bad” from a scientific perspective. 
While support was patient-centred, whānau and/
or household members were largely excluded.  
Economic constraints and high living costs also 
posed significant challenges for some whānau. 
These factors made it difficult to learn to cook and 
eat to a different diet.

CONCLUSION
Many individual, cultural, whānau, economic 

and societal factors shape everyday experiences of 
food and nutrition for Māori living with chronic 
disease. Understanding how these affect nutrition 
and everyday disease management is important to 
providing useful dietetic care and nutrition support. 
Whānau experiences show that dietetic care and 
nutrition support must be re-designed to make it 
more accessible and useful to patients and whānau. 
Increasing the number of Māori dietitians and inte-
grating cultural perspectives at the training levels 
will help improve patient and whānau experiences. 


