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Regional distribution of myeloma in New Zealand
Mary Jane Sneyd, Andrew Gray, Ian M Morison

Myeloma is one of the most common blood cancers worldwide. We examined whether there 
was any regional variation in myeloma occurrence in New Zealand and found no important 
differences in myeloma by region. Women had significantly fewer myelomas than men of the 
same ethnic group and region. As both the highest and lowest myeloma occurrence was in 
rural areas, it is unlikely that farming confers an increased risk of myeloma.

The potential of school-based physical education  
to increase physical activity in Aotearoa New Zealand  

children and young people: a modelling study
Anja Mizdrak, Caroline Shaw, Bridgette Lynch, Justin Richards

This study looks at the impact of increasing school-based physical education (PE) on young 
people’s physical-activity levels. The study was based on data from the Sport New Zealand 
2017/18 Active NZ Young People Survey of around 9,000 young people aged 5–17 years. If 
Aotearoa New Zealand increased the amount of PE time to be in-line with international best 
practice (2.5hours/week), the percentage of young people meeting physical-activity guide-
lines would increase. Importantly, increasing PE would increase physical activity in young 
people who are currently the least active and therefore have the most to gain from doing 
more physical activity. 

Nationwide dispensing of cardioprotective medications  
during the first year following acute coronary syndrome 

(ANZACS-QI 56)
Michael Butchard, Andrew J Kerr, Corina Grey, Billy Wu, Phil Hider

Everyone who has an acute coronary syndrome (heart attack) should take some key medi-
cations on discharge that have been proven to reduce deaths, such as a statin, aspirin and 
another antiplatelet or anticoagulant. Dispensing of these medications after discharge is 
lower than what would be expected if guidelines were followed. The greatest decrease in 
dispensing occurred between three to six months after discharge. This drop in dispensing is 
unlikely to be explained by side effects to the medicines, and it highlights an important point 
in time for targeted interventions to ensure people remain on their mediation. 

Do the ‘Eyes’ have it? How good are surgeons  
at identifying appendicitis macroscopically?  

A retrospective study in New Zealand
Rennie X Qin, Damien L Ah Yen  

During an operation for suspected appendicitis, the surgeon assesses the appendix to 
determine whether it is inflamed or normal. In our study, we investigated the accuracy of 
surgeons’ macroscopic assessments of appendicitis during the operation. We found that these 
assessments lacked accuracy. In 9.1% of cases there was disagreement between surgeons’ 
assessments and the gold standard pathological assessment. 21.6% of appendixes that 
appeared normal to surgeons were found to have appendicitis by the pathologists.
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Perceptions of competency with evidence-based medicine 
among medical students: changes through training  

and alignment with objective measures
Nicholas J Clode, Kirsty Danielson, Elizabeth Dennett

Evidence-based medicine (EBM) is the integration of best available research evidence 
alongside clinical experience and patient preferences in medical decision-making. In this 
investigation, medical students’ competence with EBM did not improve during their senior 
years of medical training. Medical students reported little observation of EBM in clinical envi-
ronments, and this lack of explicit role modelling may be influencing students’ development 
of competency with EBM.

Pre-diabetes prevalence and associated factors in  
New Zealand school children: a cross-sectional study 

Hajar Mazahery, Cheryl S Gammon, Donna Lawgun, Cathryn A Conlon,  
Kathryn L Beck, Pamela R von Hurst

We used a large sample with broad representation of ethnic distribution in New Zealand 
to investigate the rate of pre-diabetes in children. The main findings of our study were that 
the prevalence of pre-diabetes was 16%, and it was higher in South Asian and Pacific Island 
children, those with lower physical-activity levels and those with higher waist circumference 
or body fat percentage. These findings suggest that signs of diabetes risk are detectable 
at a young age, supporting the need for appropriate and timely interventions to halt the 
progression to T2DM.

Can patient symptoms reliably predict  
major oesophageal motility disorders assessed by 

conventional water perfusion manometry?
Conrad Stranz, Thomas Watkinson, Andrea Cross, Peter Hamer, Ross Roberts

Over a period of almost 20 years, patients having pressure testing (manometry) of the 
oesophagus (gullet/food pipe) had their symptoms analysed to see whether a major motility 
disorder of the oesophagus could be identified. In the 546 patients studied, difficulty in swal-
lowing, chest pain or difficulty in swallowing when challenged with bread were able to 
identify all major motility disorders, proven with manometry. If a clinician suspects a motility 
disorder of the oesophagus, manometry is preferred but clinical features can be very helpful.

Should prioritising health interventions be informed  
by modelling studies? The case of cancer control  

in Aotearoa New Zealand
Nick Wilson, Leah Grout, Jennifer Summers, Amanda C Jones, Anja Mizdrak,  

Nhung Nghiem, Cristina Cleghorn, Tony Blakely
In this article, we provide modelling evidence for informing the prioritisation of health 
interventions, specifically in the cancer control area. We show how decision-making can 
now be informed by many epidemiological and health economic analyses (eg, to cover the 
health gain, impact on Māori vs non-Māori health gains and costs (cost-savings) to the health 
system). These analyses span primary prevention of cancer (eg, tobacco control, dietary and 
physical activity interventions and HPV vaccination), cancer screening, cancer treatment and 
palliative care. We identify that the largest health gain and cost-savings from the available 
modelling work for New Zealand are particularly seen with nutrition and tobacco control 
interventions. Many of these interventions have potentially greater per capita health gain for 
Māori than non-Māori and are also found to be cost-saving to the health sector. 
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An unusual case of spontaneous obstructive thrombus 
complicating rheumatic mitral stenosis

Shaun Collings, Andrew Borrie, Matthew Webber, Sean D Galvin
We describe a rare case of cardiac arrest in a patient whose heart valves are damaged due to 
rheumatic heart disease. This scarring caused an irregular heart rhythm (atrial fibrillation) 
and turbulent blood flow within the heart, which allowed thrombi (clot) to form. A thrombus 
spontaneously moved into the valve and blocked flow, leading to cardiac arrest and emer-
gency cardiac surgery for a valve replacement. We believe the thrombus triggered further 
blood clots in other organs. This case describes the importance of having used trans-oesoph-
ageal echocardiogram (ultrasound via the oesophagus looking at the heart), rather than 
trans-thoracic echocardiogram (ultrasound from the chest wall looking at the heart), as this 
clot was not identified on trans-thoracic echocardiogram. Following emergency surgery, the 
patient made a full recovery.
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Modelling: one tool in the 
decision-making toolkit

Diana Sarfati, Nisha Nair, Michelle Mako

Making decisions about what to do 
(and what not to do) to improve 
population health relies on good in-

formation. This holds as true for improving 
cancer control outcomes in Aotearoa as it 
does for anything else. The paper by Wil-
son and colleagues in this issue of the New 
Zealand Medical Journal shows how useful 
information from thoughtfully designed 
modelling studies can be.1 The work behind 
this paper is substantial and ambitious, and 
it represents many years of research. 

The paper brings together over 30 
modelled interventions from across the 
cancer continuum, spanning cancer 
prevention, screening, treatment and palli-
ative care. Each intervention is evaluated in 
terms of health gains, equity impact, health 
system costs and cost-effectiveness, and then 
they’re compared against other interven-
tions. Such information is crucial to good 
policy. 

However, prioritisation and policy go 
beyond information. 

Over recent years it has become increas-
ingly apparent that the approach to cancer 
control in Aotearoa has fallen behind 
comparable countries, and Māori and Pacific 
peoples are unfairly shouldering a dispro-
portionate burden. The devolved model of 
service planning has no doubt frustrated 
coordinated planning, prioritisation and 
focused investment.  

Te Aho o Te Kahu, our national cancer 
control agency,2 was formed in response to 
the increasingly apparent post-code lottery 
of cancer care and a perceived lack of strong 
central leadership. The sector is enthusiastic 
for change. The scale of the task at hand 
is clear, with the Cancer Action Plan3 and 
State of Cancer Report4 outlining a myriad of 
areas requiring attention and improvement. 
Each competing priority in cancer is compel-
lingly urgent in its own way and deciding 

what to do (or do first) is challenging. Each 
possible intervention takes time, resources 
and effort and comes with an opportunity 
cost.  

Our busy, active and often noisy sector is 
thirsty for progress. They understand the 
personal suffering of those in their care 
and feel deeply the urgency of progress and 
change. Those with a personal experience 
of cancer bring granular and compelling 
knowledge of gaps in service provision, 
inefficiencies or systemic problems that also 
deserve immediate action. The difficulty 
for decision makers lies in balancing these 
competing priorities fairly and effectively, 
and in conveying clearly why one priority 
comes before another when both are 
deserving. 

A distinct advantage of the modelling 
work by Wilson et al is that very different 
interventions were modelled with common 
methods and common metrics.1 The ability 
to compare “apples with apples” is a boon 
for decision-making at any level, but it’s 
rarely available. Modelling health gains 
and costs over a lifetime also allows us to 
see a fuller picture and discourages the 
temptation of focusing only on short-term 
health gains and upfront costs. The work 
adds weight to the importance of cancer 
prevention: not just for the purpose of 
avoiding the enormous disruption that a 
cancer diagnosis brings, but also for the 
large population health gains within and 
beyond cancer, for the disproportionate 
benefit for our priority populations and for 
long-term sustainability. 

There are, however, challenges in 
modelling studies that may limit their ability 
to inform decision-making. It can be difficult 
for models to fully and adequately capture 
specific inequities and systematic barriers 
for Māori and Pacific, such as sustained 
socioeconomic disadvantage and racism. 
In other instances, there may be important 
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unintended consequences of trying to do so 
without caution.5 The practical realities of 
health policy also mean that multiple inter-
ventions are often being considered at any 
one time. It would not be feasible to model 
all of them, or all possible combinations of 
them, in a tight timeframe. Additionally, 
there are the more foundational, system-en-
abling activities that are critical to do but 
difficult to model, such as investment 
in facilities, workforce and information 
systems. Inevitably, political priorities and 
the broader social context also influence 
the resources available to tackle the task, 
the speed at which progress can be made 
and the trade-offs that are made outside of a 
more dispassionate analytical model. Some-
times a global pandemic gets in the way. 

Good evidence of impact is vital, but 
there is rarely a linear path from evidence 
to decision. As the authors acknowledge, 
there are other critical factors that must 
also be considered when making investment 
decisions in cancer control or other areas of 
health. Such factors include health system 
capacity, public acceptability, societal expec-
tations, sustainability, affordability, timing of 
investment and alignment with government 
priorities. The “rule of rescue” imper-
ative to provide high-quality care to those 
currently suffering with cancer is powerful, 
especially in the face of poorer cancer 
survival for Māori and Pacific peoples. A 
balanced approach to investment across the 
continuum is critical but invariably chal-
lenging, particularly when the immediate 
individual-level impacts are contrasted 
against longer-term population-level gains.   

Te Aho o Te Kahu must take all these 
factors into account when shaping and 
revising our work programme. We have a 
strong focus on cancer prevention, but we 
are also mindful of the challenges facing 
those with cancer and their whānau. We 
remain deeply concerned about inequities 
in care and have a large programme of work 
underway to identify, monitor and address 
unexplained variations in cancer diagnosis 
and treatment. We know that there are 
barriers for people with cancer who must 
travel for treatment and we want to reduce 
these. We know that the healthcare system 
does not work as well for Māori patients as 
it does for non-Māori, so we are engaging 
closely with Māori communities all around 
the motu to identify ways of improving 
care and support that work for tangata 
whenua. These sorts of projects are less easy 
to evaluate in a model, but they are no less 
critical.

Prioritisation and policy must be cognisant 
of the needs and capacity of the cancer 
sector and the community. It requires 
the input of academic modellers, expert 
clinicians, patients, whānau, advocates, 
community leaders and policymakers. The 
modelling work presented here will be a 
foundation for us all to stand upon, and the 
authors should be congratulated. But so long 
as resources are finite and there is ongoing 
suffering and need, and wherever values 
have a say in what we do, our debates over 
what we should do next will inevitably rage 
as passionately as they do today. 
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Regional distribution of 
myeloma in New Zealand

Mary Jane Sneyd, Andrew Gray, Ian M Morison

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 
 

Non-Māori 
(n=6,435) 
n (%)

Māori  
(n=648) 
n (%)

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

Sex
 

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

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

Age in years
 
 
 

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

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

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

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

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

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

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

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

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

 
 
 
 

Ethnic group

Non-Māori Māori

Area of 
residence

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

North 
Island
 

Male Reference     1.45 1.29–1.64 <0.001

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

South 
Island
 

Male 1.08 1.00–1.16 0.053 1.18 0.85–1.64 0.355

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

* Adjusted for age and year of diagnosis.

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

Urban 
area

IRR  
Population 
density  
15–80 per 
km2

95% 
CI

p IRR  
Population  
density <15 
per km2

95% 
CI

p

Non-Māori male 1 0.96 0.89–
1.05

0.406 0.96 0.88–
1.03

0.263

Non-Māori 
female

1 0.93 0.84–
1.03

0.168 0.93 0.85–
1.03

0.151

Māori male 1 0.88 0.66–
1.17

0.386 1.09 0.85–
1.39

0.498

Māori female 1 1.21 0.92–
1.60

0.168 0.90 0.68–
1.18

0.448

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

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

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

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

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

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

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

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

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

IR IRR 95%  
Conf. interval

Urban/rural 
designation**

Far North District 1 2.408 1.876 1.127 3.121 3

Whangarei District 2 2.557 1.992 1.208 3.285 2

Kaipara District 3 2.086 1.624 0.907 2.908 3

Rodney District 4 2.246 1.749 1.062 2.882 3

North Shore City 5 2.436 1.897 1.165 3.089 1

Waitakere City 6 2.432 1.894 1.159 3.096 1

Auckland City 7 2.443 1.903 1.175 3.081 1

Manukau City 8 2.449 1.908 1.174 3.099 1

Papakura District 9 2.384 1.856 1.089 3.164 2

Franklin District 10 2.580 2.010 1.201 3.362 3

Thames-Coromandel District 11 2.395 1.865 1.099 3.164 3

Hauraki District 12 2.436 1.897 1.071 3.362 2

Waikato District 13 2.473 1.926 1.135 3.269 2

Matamata-Piako District 15 2.276 1.772 1.031 3.047 2

Hamilton City 16 2.451 1.909 1.162 3.137 1

Waipa District 17 2.623 2.042 1.216 3.432 2

Otorohanga District 18 2.349 1.830 0.914 3.665 3

South Waikato District 19 2.496 1.944 1.102 3.430 3

Waitomo District 20 2.418 1.883 0.961 3.691 3

Taupo District 21 2.245 1.748 1.017 3.005 3

Western Bay of Plenty District 22 2.116 1.648 0.975 2.787 2

Tauranga City 23 2.484 1.935 1.182 3.168 1

Rotorua District 24 2.130 1.659 0.991 2.778 2

Whakatane District 25 1.821 1.418 0.814 2.471 3

Kawerau District 26 2.208 1.719 0.805 3.673 1

Opotiki District 27 3.491 2.719 1.487 4.972 3

Gisborne District 28 1.943 1.513 0.889 2.576 3

Wairoa District 29 1.484 1.156 0.541 2.470 3

Hastings District 30 2.067 1.610 0.966 2.682 2

Napier City 31 2.115 1.647 0.986 2.752 1

Appendix

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

New Plymouth District 33 2.196 1.710 1.031 2.836 2

Stratford District 34 2.632 2.050 1.065 3.944 3

South Taranaki District 35 2.561 1.994 1.155 3.445 3

Ruapehu District 36 2.933 2.284 1.250 4.174 3

Wanganui District 37 2.672 2.081 1.247 3.473 2

Rangitikei District 38 1.627 1.267 0.664 2.419 3

Manawatu District 39 3.023 2.355 1.380 4.017 3

Palmerston North City 40 2.883 2.246 1.358 3.714 1

Tararua District 41 2.570 2.002 1.127 3.556 3

Horowhenua District 42 1.784 1.389 0.807 2.391 2

Kapiti Coast District 43 2.487 1.937 1.168 3.213 2

Porirua City 44 2.233 1.739 1.014 2.983 1

Upper Hutt City 45 2.285 1.780 1.041 3.044 1

Lower Hutt City 46 2.158 1.681 1.016 2.781 1

Wellington City 47 2.309 1.799 1.098 2.946 1

Masterton District 48 1.751 1.363 0.766 2.428 3

Carterton District 49 2.473 1.926 0.973 3.813 3

South Wairarapa District 50 1.932 1.505 0.760 2.979 3

Tasman District 51 2.033 1.583 0.933 2.686 3

Nelson City 52 2.247 1.750 1.038 2.951 1

Marlborough District 53 2.461 1.917 1.143 3.215 3

Kaikoura District 54 1.245 0.969 0.326 2.881 3

Buller District 55 1.943 1.514 0.773 2.965 3

Grey District 56 2.980 2.321 1.284 4.194 3

Westland District 57 2.505 1.951 0.986 3.862 3

Hurunui District 58 2.996 2.334 1.266 4.301 3

Waimakariri District 59 2.014 1.568 0.920 2.673 2

Christchurch City 60 2.552 1.988 1.228 3.218 1

Banks Peninsula District 61 2.145 1.671 0.834 3.346 2

Selwyn District 62 2.432 1.894 1.091 3.289 3

Ashburton District 63 2.780 2.165 1.271 3.687 3

Timaru District 64 2.522 1.964 1.176 3.280 2

Mackenzie District 65 1.744 1.358 0.501 3.682 3

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

Waimate District 66 2.279 1.775 0.906 3.478 3

Chatham Islands Territory 67 4.361 3.396 0.784 14.713 3

Waitaki District 68 2.862 1.461 0.828 2.578 3

Central Otago District 68 1.877 2.229 1.276 3.895 3

Queenstown-Lakes District 70 2.778 2.163 1.212 3.862 3

Dunedin City 71 2.489 1.938 1.183 3.175 1

Clutha 72 1.284 1.000 ref 3

Southland District 73 2.301 1.792 1.029 3.122 3

Gore District 74 3.392 2.642 1.487 4.692 3

Invercargill City 75 2.561 1.995 1.194 3.332 1

Appendix Table 1: Myeloma incidence rates and rate ratios by TLA adjusted for age, ethnicity and sex, 
and urban/rural designation (continued).
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The potential of  
school-based physical 
education to increase 

physical activity in  
Aotearoa New Zealand 

children and young people: 
a modelling study

Anja Mizdrak, Caroline Shaw, Bridgette Lynch, Justin Richards

ABSTRACT
AIMS: Regular physical activity (PA) is critical for children and young people’s health and wellbeing. 
Schools are an important setting for promoting PA. This study aimed to examine prevalence of PA 
through physical education in New Zealand schools and the potential impact of increasing physical 
education on young people’s PA levels.

METHODS: We used data from the Active NZ Young People Survey of over 8,000 young people and 
modelled the impact of a hypothetical intervention that increased school-based physical education 
time to 2.5 hours (consistent with international best practice) on the distribution of PA.

RESULTS: At baseline, 61.3% (95%UI 60.2–62.5) of young people were classified as being sufficiently 
active (7+ hours/week), 19.8% (95%UI 18.9–20.8) were moderately active, and 18.8% (95%CI 17.9–19.7) 
were minimally active. The intervention scenario would more than halve the prevalence of minimal 
activity to 8.1% (95%UI 7.5–8.8) and increase the proportion of sufficiently active young people to 
68.4% (95%UI 67.3–69.5).

CONCLUSION: Increasing time being active through physical education has the potential to reduce the 
prevalence of minimally active young people in New Zealand. Policies to support increased physical 
education time, such as time-based requirements, would increase PA levels.

Regular physical activity is critical for 
children and young people’s health 
and wellbeing; it contributes to the 

development of healthy cardiovascular and 
musculoskeletal systems and the mainte-
nance of a healthy body weight, and it is 
associated with positive psychological and 
cognitive benefits.1 In New Zealand, the 
Ministry of Health recommends that young 
people aged 5–17 years accumulate at least 
one hour of moderate to vigorous physical 
activity per day,2 which is in line with inter-

national guidelines.1 As few of 7% of young 
New Zealanders are currently doing enough 
physical activity at a sufficient frequency to 
meet these recommendations,3 with nearly 
half failing to achieve a sufficient total vol-
ume of physical activity on a weekly basis.4 
This suggests that urgent action is required.

Schools are an important setting for 
promoting physical activity in young 
people. Nearly all young people spend 
over half their waking hours at school, and 
school-level policies have great potential 
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to increase physical activity and improve 
wellbeing.5 The routine and regularity of the 
five-day school week may provide an oppor-
tunity to ensure physical activity is better 
spread throughout the week and that daily 
physical activity recommendations are met. 
Opportunities for physical activity include 
physical education as part of the timetabled 
curriculum, transport to and from school, 
activities during lunch and morning tea 
breaks, after-school activities and in-class 
activity breaks.5,6 This paper focuses on 
physical activity as part of the curriculum 
(ie, physical education classes or similar), 
as this is an area where New Zealand policy 
appears weak in comparison to overseas.

Nearly all countries include physical 
education for at least part of compulsory 
schooling years,7 with legal requirements 
for physical education in over 80% of coun-
tries.7,8 Internationally, the presence of 
laws and policies that mandate a minimum 
amount of physical education are associated 
with higher levels of physical activity in 
young people.6 The provision of physical 
education is embedded within the New 
Zealand curriculum,9,10 but the curriculum 
does not specify a minimum time 
requirement. This contrasts many coun-
tries that have time-based requirements in 
place,7 such as in Australia, where schools 
are required to provide at least two hours of 
physical education per week.11

This study aimed to examine the current 
prevalence of physical activity through 
physical education in New Zealand schools 
and the potential impact of increasing 
physical education on young people’s 
physical activity levels. We also examined 
the differential impact of increasing 
school-based physical education by gender, 
ethnicity, urban–rural status, deprivation 
and age.

Methods
Data

We used data on physical activity partic-
ipation from young people aged 5–17 years 
in the Active NZ Young People dataset, a 
component of the Active NZ Survey.4,12 The 
Active NZ Survey aims to recruit a sample 
of adults and young people in New Zealand 
via a household-level sampling strategy. 
Approximately 5,000 young people, who are 
recruited continually throughout the year 

via the household level sampling frame, are 
sampled on an annual basis. Survey respon-
dents are asked to recall their physical 
activity (type, time, and location) over the 
previous seven days via an online survey, 
with adult caregivers responsible for survey 
completion for young people aged 5–11 
years.12 The survey also records sociode-
mographic information, attitudes towards 
physical activity and other lifestyle char-
acteristics. This study used data collected 
between January 2017 and July 2018. 
Further details on survey methodology are 
available in a technical report.12

School years were grouped into primary 
(year 0 to year 6), intermediate (year 7 
and year 8) and high school (year 9 to year 
13), which reflects the organisation of the 
New Zealand school system. Deprivation, 
measured using the New Zealand Index 
of Deprivation (NZDep), was grouped into 
quintiles, with 1 representing the least 
deprived and 5 representing the most 
deprived areas. A series of dummy vari-
ables were developed to represent different 
ethnic groups (New Zealand European, 
Māori (the indigenous population of New 
Zealand), Pacific, Asian and other), which is 
consistent with a total ethnicity approach13 
and enabled survey participants to identify 
with multiple ethnicities. Finally, household 
meshblock was used to group young people 
based on a urban–rural indicator using Stats 
NZ concordance mapping,14 and they were 
further grouped into major/large urban, 
small/medium urban and rural. 

It was not possible to determine which 
young people completed the survey during 
school holidays at an individual level, and 
therefore we used the month the survey 
was completed as a proxy. For each day in 
the survey period, we calculated whether 
a young person completing the survey 
would have attended school in the previous 
seven days, based on national school 
holiday dates. We used this to estimate 
the average proportion of survey respon-
dents who would have attended school for 
each calendar month. This allowed us to 
estimate whether each individual did or 
did not complete the survey during school 
holidays, assuming that reponses to the 
survey were evenly distributed throughout 
the month. Each analysis was replicated 
2,000 times using a Monte Carlo simulation 
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to generate uncertainty intervals (UI) and 
capture uncertainty around which young 
people completed the survey during school 
holidays. Survey participants who do not 
attend school were excluded from the 
analysis.

Physical-activity levels
We grouped physical-activity levels 

into three categories of time spent being 
physically active across reported activ-
ities: sufficiently active (7+ hours/week), 
moderately active (3.5 to 7 hours/week) and 
minimally active (less than 3.5 hours/week). 
We were unable to ascertain the proportion 
of young people meeting physical-activity 
recommendations (one hour of moderate 
to vigorous physical activity per day) from 
the dataset, due to the lack of robust infor-
mation on the spread of physical activity 
throughout the week. We estimated the 
proportion of young people in each physical 
activity group (sufficient, moderate, and 
minimal) and applied survey weighting to 
the analyses.

Modelling physical-education 
increases

We modelled the impact of increasing 
school-based physical education time on 
young people’s physical-activity levels. We 
set the school-based physical education time 
to 2.5 hours per week, which reflects the 
upper-end of physical education duration 
observed internationally.7 We identified all 
young people who reported less than this 
amount of physical activity and re-coded 
their school-based physical education time 
to 2.5 hours. We did not change the school-
based physical education time for those who 
reported more than 2.5 hours of physical 
education in the survey, as these young 
people are already achieving the scenario 
we modelled and their schools would not 
need to alter their curriculum.

Following the re-coding of the dataset, 
we re-calculated each young person’s total 
weekly physical activity and re-grouped 
the young people according to their level of 
physical activity. The results are reported 
separately by school (primary, intermediate 
and high school), gender, ethnicity, urban–
rural status and deprivation, to give an idea 
of the possible differential impact  
of increasing school-based physical 
education time across different population 
groups.

Analyses were conducted in Excel using 
the Ersatz add in to run the Monte Carlo 
analysis, with graphs plotted in R using the 
tidyverse package.

Declarations
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This study was reviewed by and received 
ethical approval by the University of Otago 
Human Ethics Committee (D19/123).

Availability of data and materials
The data that support the findings of 

this study are available from Sport NZ but 
restrictions apply to the availability of these 
data, which were used under license for 
the current study, and so are not publicly 
available. Data are however available from 
the authors upon reasonable request and 
with permission of Sport NZ.

Results
We excluded 99 respondents, who 

reported not attending school or who were 
missing locations for physical activity, 
from an initial sample of 8,983, leaving an 
analytic sample of 8,884. Sociodemographic 
characteristics of the sample are displayed 
in Table 1. 

Overall, during term time, 61.3% (95%CI 
60.2–62.5) of young people were classified 
as being sufficiently active across all sources 
of physical activity; 19.8% (95%CI 18.9–20.8) 
were moderately active; and 18.8% (95%CI 
17.9–19.7) of young people were classified as 
minimally active (see Figure 1). Nearly half 
of young people reported receiving one hour 
or less of physical activity through school-
based physical education (43.9%, 95%UI 
42.7–45.1) in the last week (see Appendix 
Table 1). The majority of young people with 
low school-based physical activity were 
classified as being minimally active (86.5%, 
95%UI 84.7–88.4%).

Increasing school–based physical 
education would increase the proportion 
of young people meeting physical-activity 
guidelines from 61.3% to 68.4% and more 
than halve the prevalence of minimal 
activity (from 18.8% to 8.1%) (see Figure 1).

There was variation in the proportion of 
young people who were sufficiently active 
across different sociodemographic groups at 
baseline (see Figure 2, and the full results in 
Appendix Table 2). Males had higher physi-
cal-activity levels than females, and the least 
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Table 1: Demographic characteristics of the sample.

N %

Total 8,884

Gender

Male 4,333 48.8

Female 4,526 50.9

Gender diverse* 25 0.3

School

Primary 4,273 48.1

Intermediate 1,713 19.3

High school 2,898 32.6

Urban–rural

Major/large urban 4,570 51.4

Small/medium urban 1,386 15.6

Rural 1,702 19.2

Unknown 1,226 13.8

Deprivation level (NZDep)

1 (least deprived) 2,382 26.8

2 1,880 21.2

3 1,526 17.2

4 1,263 14.2

5 (most deprived) 959 10.8

Unknown 874 9.8

Ethnicity**

European 7,505 84.5

Māori 1,505 16.9

Pacific 466 5.2

Asian 918 10.3

Other 124 1.4

*Only provided as an option for those aged 13+. 
**Percentages sum to more than 100% as individuals could identify with multiple ethnicities.
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Figure 1: Young people’s physical-activity distribution at baseline and under intervention simulation.
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deprived young people had higher physi-
cal-activity levels than the most deprived 
young people. We also observed differ-
ences in physical-activity levels by ethnicity, 
with Asian young people being the ethnic 
group least likely to have sufficent levels of 
physical activity. 

Under the intervention scenario, all 
groups benefited from increased levels 
of physical activity. However, there were 
differences in the level of benefit (see Figure 
2, and the full results in Appendix Tables 
2 and 3). Absolute differences between 
sociodemographic groups were reduced. For 
example, the difference in the percentage 
of males and females in the minimally 
active group was reduced from 4.7% to 
2.4%. The difference in the prevalence of 
minimal activity between the least-deprived 
and most-deprived quintiles was reduced 
from 10.7% to 7.8% and across different 
ethnicities from 14.7% to 7.2%. Relative 
differences in the proportion of young 
people who were minimally active remained 
and, in some cases, increased under the 
intervention scenario. For example, the 
relative difference in the proportion of 
females who were in the minimally active 
group increased slightly from 1.3 to 1.4 
times the proportion of males in the mini-
mally active group. 

Discussion
A high proportion of young New 

Zealanders report low levels of physical 
activity through school-based physical 
education. A low level of school-based 
physical education contributes to nearly 
a fifth of young people being classified as 
inactive. Our modelling shows that imple-
menting 2.5 hours of school-based psycical 
education each week would halve the 
overall prevalence of inactivity in young 
people and reduce absolute differences 
in physical activity between different 
sociodemographic groups. It would also 
substantially increase the proportion of 
young people meeting overall physical-ac-
tivity recommendations. Importantly, the 
actual impact on the proportion meeting 
physical activity recommendations may 
be even greater than we have reported if 
the 2.5 hours of physical education were 
spread evenly throughout the school week 
(eg, 30 minutes per day). This would directly 
address the issue that many young people 
are not meeting daily physical-activity 
requirements, despite high overall volumes 
of participation. 

Strengths and limitations
The dataset used for this study is the 

largest national survey of young New 
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Figure 2: Young people’s physical-activity distribution, disaggregated by sociodemographic characteristic.
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Zealanders’ participation in physical activity, 
and it is the only dataset that disaggregates 
physical-activity participation by location. 
However, the survey requires young people 
(or their parents) to recall physical activity 
over the previous week and has not been 
formally validated against objectively 
measured physical activity levels. Further 
research at the school level that captures 
time spent on school-based physical 
education is warranted to validate our 
findings. 

Given that school holidays account for 
around a quarter of the calendar year, it 
was important to ensure that the results of 
our model reflected school holidays. Survey 
respondents were not required to report 
whether or not they completed the survey 
during school holidays. To overcome this 
shortcoming of the dataset, we applied a 
probabalistic approach to determine which 
survey respondents were sampled during 
school holiday periods.

We grouped physical activity into three 
categories: minimally active, moderately 
active and sufficiently active. The suffi-
ciently active category is an approximation 
of the proportion of young people meeting 
physical-activity recommendations. We did 
not capture the spread of physical activity 
throughout the week; if increases in physical 
education were spread throughout the week, 
we would expect substantial increases in 
the proportion of young people meeting 
recommendations, compared to if physical 
education was not spread throughout the 
week. The difficulty of using survey data to 
accurately determine whether physical-ac-
tivity recommendations are met is well 
established as a source of large differences 
in prevalence estimates.15 Continual surveil-
lance with consistent methodology is needed 
to evaluate changes in physical activity over 
time and will be required to evaluate the 
impacts of policy changes. International 
physical-activity report cards represent an 
important step in this direction.3,16,17

Our results suggest that increasing 
physical activity through school-based 
physical education is likely to reduce 
absolute differences in physical-activity 
participation across sociodemographic 
groups, including the current inequalities by 
deprivation. However, the sample included 
in this analysis is, on average, less deprived 

than we would expect from a nationally 
representative sample, which suggests there 
is an underlying sampling bias. Maintenance 
and increases in the relative inequalities by 
sociodemographic characteristics should 
be considered in the context of large reduc-
tions in proportion of minimally active 
young people. For example, following the 
intervention, the proportion of females in 
the minimally active group was nearly half 
the current proportion of minimally active 
males. Evidence of an underlying sampling 
bias suggests that our interpretation of the 
likely differential impacts of increasing 
school-based activity should be interpreted 
with caution. Further work is required to 
better understand the potential differential 
impacts of increasing physical-education 
time, including the likely impacts on educa-
tional achievement in other areas. 

Policy implications
Physical activity is crucial for the health, 

wellbeing and development of young 
people.1 Despite this, monitoring has shown 
that young New Zealanders have low levels 
of physical activity that do not seem to be 
improving.3,16,17 This suggests that existing 
policies are not sufficiently effective. This 
modelling shows that a universal policy 
that achieves 2.5 hours of physical activity 
per week as part of the school curriculum 
(similar to levels reported in other jurisdic-
tions)7 would have a considerable impact 
on the total level of physical activity and 
the proportion of young people meeting 
recommendations. Importantly, it would 
dispropotionately shift the ‘tail’ of minimally 
active children towards more favourable 
levels of physical activity. Dose–response 
relationships between physical activity and 
health outcomes in both adults and young 
people consistently suggest those who are 
least active have the most to gain from a 
unit increase in physical activity.18–21 This 
suggests that interventions that positively 
impact the least active have the greatest 
potential benefit.

Despite physical education being part of 
the New Zealand school curriculum, a large 
proportion (44%) of young people report 
minimal physical-education participation at 
school (≤1 hour/week). The observably low 
levels of physical activity through physical 
education likely result from a combination 
of the lack of timetabled physical-education 
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classes and low levels of physical activity 
within existing classes. International 
research show that time-based require-
ments are associated with higher levels of 
physical activity.6 In addition, high vari-
ability has been observed in the proportion 
of physical-education time spent being 
physically active (from 11.4% to 88.4% of 
class time).22 Our results demonstrate a need 
to further examine the gap between the 
national curriculum and measured physical 
education participation.

School-based physical education is one 
of a number of opportunities for building 
physical activity into the school day.5 Within 
the literature, there are limited examples of 
effective policy to support the role of active 
transport to/from school to promote physical 
activity, despite an abundance of evidence 
indicating a small but significant effect on 
physical-activity levels.23–26 Similarly, there 
is limited evidence around policies that 
target school-based activity programmes 
and in-class activity breaks, despite evidence 
from individual programmes of significant 
effects.27–29 Consequently, we recommend 
regulating minimum standards for physical 
education as part of a comprehensive 
intervention and policy package to increase 
physical activity. This recommendation 
aligns with the strong international evidence 
that school-based physical education makes 

a meaningful difference to physical activity 
at a population level. Close evaluation of the 
impacts of such a policy is needed, especially 
given the known differences in physical 
activity participation by ethnicity and area-
level deprivation.

Conclusion
This study found that young New Zealands 

self-report low levels school-based physical 
education. Increasing school-based physical 
education has the potential to reduce the 
prevalence of minimally active young 
people and increase the prevalence of 
sufficiently active school-aged young New 
Zealanders. Further research is needed to 
examine the differential impacts of such a 
universal policy to increase physical-activity 
levels.
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Appendix Table 1: Proportion of young people reporting low levels of school-based physical education 
(under 1 hour per week) by sociodemographic characteristics.

% Reporting low  
school physical education

Overall 43.9 (42.7–45.1)

Gender
 
 

Male 42.5 (40.8–44.2)

Female 45.3 (43.6–46.9)

Gender diverse* 50.0 (28.5–71.5)

School
 
 

Primary 46.0 (44.1–47.9)

Intermediate 38.1 (35.3–41.0)

High school 44.2 (42.4–46.0)

Urban–rural
 
 
 
 
 

Major urban area 45.0 (43.4–46.5)

Large urban area 43.4 (40.2–46.7)

Medium urban area 40.3 (37.4–43.3)

Small urban area 44.0 (40.9–47.1)

Rural 43.2 (40.9–45.5)

Unknown 44.5 (41.8–47.2)

NZDep
 
 
 
 
 

1 (least deprived) 44.8 (41.8–47.7)

2 43.0 (40.0–46.1)

3 43.7 (40.6–46.8)

4 45.0 (41.2–48.7)

5 (most deprived) 42.6 (41.3–44.0)

Unknown 41.6 (39.2–44.0)

Ethnicity** European 44.1 (40.8–47.3)

Māori 51.0 (47.6–54.5)

Pacific 43.9 (42.7–45.1)

Asian 42.5 (40.8–44.2)

Other 45.3 (43.6–46.9)

*Only provided as an option for those aged 13+. 
**Percentages sum to more than 100% as individuals could identify with multiple ethnicities.

Appendix
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Appendix Table 2: Distribution of physical activity levels by sociodemographic characteristics (from 
simulation run excluding respondents completing survey during school holidays) at baseline.

% Minimally 
active

% Moderately 
active

% Sufficiently 
active

Total 18.8 (17.9–19.7) 19.8 (18.9–20.8) 61.3 (60.2–62.5)

Gender
 
 

Male 16.4 (15.2–17.7) 18.9 (17.6–20.2) 64.6 (63.0–66.3)

Female 21.1 (19.8–22.5) 20.7 (19.3–22.0) 58.2 (56.5–59.8)

Gender diverse* 20.7 (3.3–38.1) 22.6 (4.6–40.6) 56.7 (35.4–78.0)

School
 
 

Primary 19.3 (17.9–20.8) 20.4 (18.9–21.9) 60.3 (58.5–62.1)

Intermediate 14.9 (12.8–17.0) 18.9 (16.6–21.2) 66.2 (63.4–69.0)

High school 19.8 (18.4–21.2) 19.7 (18.3–21.1) 60.5 (58.8–62.2)

Urban–rural
 
 
 

Major/large  
urban area

19.7 (18.5–21.0) 21.3 (20.0–22.6) 58.9 (57.4–60.5)

Medium/small 
urban area

19.4 (16.8–22.0) 15.1 (12.8–17.4) 65.5 (62.4–68.6)

Rural 15.2 (13.0–17.3) 19.8 (17.4–22.2) 65.0 (62.2–67.9)

Unknown 18.6 (16.2–21.1) 18.2 (15.7–20.6) 63.2 (60.2–66.3)

NZDep
 
 
 
 
 

1 (least deprived) 14.7 (13.0–16.3) 19.3 (17.4–21.1) 66.0 (63.8–68.3)

2 17.5 (15.5–19.6) 20.4 (18.2–22.5) 62.1 (59.5–64.7)

3 17.2 (15.0–19.4) 20.1 (17.8–22.5) 62.7 (59.9–65.6)

4 22.9 (20.3–25.4) 16.9 (14.6–19.2) 60.3 (57.3–63.3)

5 (most deprived) 25.4 (22.7–28.0) 23.7 (21.1–26.3) 50.9 (47.9–54.0)

Unknown 19.1 (16.1–22.0) 18.3 (15.4–21.2) 62.6 (59.0–66.2)

Ethnicity** European 15.0 (14.0–15.9) 19.5 (18.4–20.6) 65.5 (64.2–66.8)

Māori 19.4 (17.5–21.4) 18.3 (16.4–20.2) 62.3 (59.9–64.6)

Pacific 23.2 (20.4–26.0) 19.8 (17.1–22.4) 57.0 (53.7–60.3)

Asian 33.5 (30.2–36.7) 23.3 (20.4–26.3) 43.2 (39.8–46.6)

Other 23.8 (14.8–32.9) 16.9 (8.9–24.8) 59.3 (48.9–69.7)

*Only provided as an option for those aged 13+. 
**Percentages sum to more than 100% as individuals could identify with multiple ethnicities.
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Appendix Table 3: Distribution of physical activity levels by sociodemographic characteristics (from 
simulation run excluding respondents completing survey during school holidays), in the intervention 
scenario where school-based physical activity is increased to 2.5 hours per week.

% Minimally 
active

% Moderately 
active

% Sufficiently 
active

Total 8.1 (7.5–8.8) 23.5 (22.5–24.5) 68.4 (67.3–69.5)

Gender
 
 

Male 6.9 (6.0–7.7) 22.3 (20.9–23.7) 70.8 (69.3–72.4)

Female 9.3 (8.3–10.3) 24.6 (23.2–26.1) 66.1 (64.5–67.6)

Gender diverse* 15.7 (.1–31.4) 16.2 (.3–32.1) 68.1 (48.0–88.1)

School
 
 

Primary 8.0 (7.0–9.0) 24.5 (22.9–26.2) 67.5 (65.7–69.2)

Intermediate 6.7 (5.2–8.2) 20.4 (18.0–22.7) 72.9 (70.3–75.5)

High school 8.8 (7.8–9.8) 23.6 (22.1–25.1) 67.6 (65.9–69.3)

Urban–rural
 
 
 

Major/large  
urban area

8.2 (7.4–9.1) 25.4 (24.0–26.7) 66.4 (64.9–67.9)

Medium/small 
urban area

9.6 (7.7–11.5) 19.0 (16.4–21.6) 71.4 (68.5–74.4)

Rural 6.9 (5.4–8.5) 20.8 (18.4–23.3) 72.2 (69.5–74.9)

Unknown 7.6 (5.9–9.3) 22.7 (20.0–25.3) 69.7 (66.8–72.6)

NZDep
 
 
 
 
 

1 (least deprived) 5.6 (4.6–6.7) 22.0 (20.0–23.9) 72.4 (70.3–74.5)

2 6.7 (5.4–8.1) 23.2 (20.9–25.5) 70.1 (67.6–72.5)

3 6.3 (4.9–7.7) 24.3 (21.8–26.8) 69.4 (66.7–72.1)

4 11.0 (9.0–12.9) 22.6 (20.0–25.2) 66.4 (63.5–69.3)

5 (most deprived) 13.4 (11.3–15.5) 26.8 (24.0–29.5) 59.8 (56.8–62.9)

Unknown 8.2 (6.1–10.2) 22.8 (19.7–25.9) 69.1 (65.6–72.5)

Ethnicity** European 6.5 (5.8–7.1) 20.5 (19.3–21.6) 73.1 (71.9–74.3)

Māori 7.7 (6.4–9.0) 23.9 (21.8–25.9) 68.4 (66.1–70.7)

Pacific 10.8 (8.7–12.8) 26.2 (23.3–29.1) 63.1 (59.9–66.3)

Asian 14.3 (11.9–16.7) 36.2 (32.9–39.5) 49.5 (46.0–52.9)

Other 12.6 (5.5–19.6) 25.2 (16.0–34.4) 62.2 (51.9–72.5)

*Only provided as an option for those aged 13+. 
**Percentages sum to more than 100% as individuals could identify with multiple ethnicities.
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Nationwide dispensing 
of cardioprotective 

medications during the 
first year following acute 

coronary syndrome 
(ANZACS-QI 56)

Michael Butchard, Andrew J Kerr, Corina Grey, Billy Wu, Phil Hider

ABSTRACT
AIM: A number of evidence-based medications are recommended following an acute coronary 
syndrome (ACS), including statins, antithrombotics (antiplatelet and/or anticoagulants), a beta-blocker 
and an angiotensin-converting enzyme inhibitor or angiotensin receptor blocker (ACE-I/ARB). This 
study aimed to describe the dispensing of the cardioprotective medications in the first year following 
an ACS hospitalisation in New Zealand and how this varies according to age, sex and type of coronary 
intervention.

METHOD: National hospitalisation data was used to identify all New Zealand residents aged 35–79 
years who were discharged from hospital in the years 2013/14 with a primary discharge diagnosis of 
ACS. Using anonymous linkage to national pharmaceutical dispensing and mortality datasets, the 
dispensing of each group of medications was examined in survivors of quarters one, two and four of 
the first year post discharge. 

RESULTS: There were 14,496 patients; mean age was 63.4 years and 68.8% were male. Dispensing of 
medications in survivors steadily fell across quarters one, two and four: 90.8%, 82.1% and 78.8% of 
patients were dispensed statins; 90.6%, 79.8% and 78.1% were dispensed aspirin; 82.7%, 72.6% and 
70.0% were dispensed beta-blockers; 69.6%, 62.7% and 61.3% were dispensed ACE-I/ARB; 67.7%, 
53.6% and 40.4% were dispensed a P2Y12 inhibitor; and 68.6%, 53.0% and 40.7% were dispensed a 
combination of two or more antithrombotics.  

CONCLUSION: Cardioprotective medication dispensing was lower than would have been the case if the 
current ACS guidelines were followed. The greatest decrease in dispensing occurred between quarter 
one and quarter two, which highlights a potentially important period for targeted interventions to 
improve adherence.

Unless contraindicated, the current 
guidelines for secondary prevention 
following acute coronary syndrome 

(ACS) recommend a statin for all patients. 
Patients should also receive combination 
antithrombotic therapy—usually a com-
bination of aspirin and a PY212 inhibitor 
antiplatelet agent. But, for patients with 
atrial fibrillation, an oral anticoagulant may 
be added or substituted for an antiplatelet 
agent. For most patients, a beta-blocker and 

an angiotensin-converting enzyme inhibitor 
or angiotensin receptor blocker (ACE-I/ARB) 
are also indicated. These medications have 
been shown to reduce mortality and im-
prove outcomes after ACS.1–8 

Using routinely collected national datasets, 
this study aimed to describe the dispensing 
of the cardioprotective medication in the first 
year following an ACS hospitalisation in New 
Zealand, and how this varies according to 
age, sex and type of coronary intervention. 
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Methods
Study population

The study cohort was constructed using 
anonymised individual-level linkage of 
national hospitalisation, mortality and phar-
maceutical data.9 The initial cohort included 
all New Zealand residents with a principal 
diagnosis of ACS (ST Elevation Myocardial 
Infarction [STEMI], non-STEMI [NSTEMI], 
myocardial infarction unspecified [MIU] or 
unstable angina [UA]) and public hospital 
discharge dates from 1 January 2013 to 31 
December 2014. ICD-10-AM codes used were 
I20.0 (UA), I21.4, I22.2 (NSTEMI), I21.0–I21.3, 
I22.0, I22.1, I22.8, I22.9 (STEMI) and I21.9 
(MIU). 

The first ACS admission for each indi-
vidual during the study period was included 
in the analysis. The date of discharge from 
the index ACS hospitalisation was obtained 
by bundling ACS hospitalisations that were 
separated by no more than a day. This 
was required to ensure transfers between 
different hospitals during the index episode 
were counted as a single ACS event.10

Exclusions
From this initial cohort, the following 

exclusions were made: patients with 
no record of dispensing of any medi-
cation prior to or post discharge (n=257) 
(on the presumption that they were not 
New Zealand residents), patients with 
no identifiable place of residence (n=11) 
and patients who died within 30 days of 
discharge (n=1,318). Those aged less than 
35 years or over 79 years were excluded 
due to potential diagnostic uncertainty 
and because medical management of older 
patients is likely to be influenced by comor-
bidities to a greater extent than for the 
35–79 year old cohort.11 

Separate cohorts were then created for 
quarter one (91 days) survivors, quarter two 
(182 days) survivors and one-year (365 days) 
survivors post discharge.  

Main outcome measures
Statistical methods used were simple 

counts and proportions. The proportion of 
surviving patients dispensed each of the 
five classes of medications (statin, aspirin, 
P2Y12 inhibitors, beta-blocker and ACE-I/
ARB) and dual therapy were calculated for 
quarters one, two and four of the first year 

post discharge. Guidelines recommend 
at least two antithrombotic agents at 
discharge for most patients. This can 
include dual antiplatelet therapy (DAPT) 
for patients without atrial fibrillation 
(AF) and either dual therapy (antiplatelet 
+ anticoagulant) or triple therapy (DAPT 
+ anticoagulant) for many patients with 
AF. In our study, there was no reliable 
way to identify patients with AF. We have 
therefore reported the proportions of 
patients on ‘combination antithrombotic 
therapy’, defined as at least two antithrom-
botic agents to capture all DAPT, dual 
therapy and triple therapy use (see the 
Appendix Figure 1 for the list of all medi-
cations included in each class). Dispensing 
was examined and displayed in multi-panel 
figures by age group (35–49 years, 50–64 
years and 65–79 years) and sex.

Analysis by quarters was chosen because 
the usual supply of medications dispensed 
in New Zealand is 90 days. The quarters 
were selected because quarter one is a 
proxy for initial adherence to cardio-
protective medications post discharge; 
dispensing in quarter two aligns with some 
ACS guidelines for at least six months’ dual 
therapy for patients at high bleeding risk; 
and dispensing in quarter four is a proxy 
for adherence at one year post discharge, 
which aligns with most ACS guidelines for 
dual therapy for patients who are not at 
high bleeding risk. Quarter three did not 
align with a guideline recommendation, so 
was omitted for conciseness.

Co-variables
Other variables described were procedure 

received during hospitalisation, discharge 
diagnosis (STEMI/MIU or NSTEMI/UA) 
and ethnicity. Ethnicity was prioritised in 
the following order when multiple ethnic 
groups were recorded for an individual: 
Māori, Pacific, Indian and other. This 
prioritisation process aligns with national 
ethnicity protocols.12

The types of coronary intervention 
included: no procedure (defined as no 
angiogram, percutaneous coronary inter-
vention [PCI] or coronary artery bypass 
grafting [CABG]), angiogram only (defined 
as angiogram without subsequent PCI or 
CABG), PCI (defined as PCI but not CABG) 
and CABG (defined as any CABG, with or 
without PCI). 
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Ethics approval
Ethics approval was granted by the 

University of Otago Human Ethics 
Committee (Health) under the Minimal Risk 
Health Research – Audit and Audit related 
studies category. A University of Otago 
mandated consultation process was under-
taken with the Māori Research Advisor/
Kaitohutohu Rangahau Māori.  

This analysis is part of the All New 
Zealand Acute Coronary Syndrome Quality 
Improvement (ANZACS-QI) arm of the VIEW 
research programme, which receives annual 
ethical re-approvals from the Northern 
Region Ethics committee Y (original 
approval in 2003 [AKY/03/12/314]) and the 
Multi-Region Ethics Committee (original 
approvals in 2007 [MEC/01/19/EXP] and 2011 
[MEC/11/EXP/078]). Because all data are 
anonymised, individual patient consent is 
not required. 

Results
Cohorts

In the two-year period 2013/14, 19,075 
patients were discharged from hospital with 
a diagnosis of ACS. The age range of these 
patients was 19 to 101 years, with a mean of 
68.5 years; 36.4% were female, 9.9% Māori, 
4.3% Pacific and 3.3% Indian. The majority 
of patients (79.1%) had a discharge diag-
nosis of NSTEMI/UA, whereas 20.9% had 
STEMI/MIU. During their hospital admission, 
14.3% of patients received a CABG, 42.6% 
received a PCI without CABG, 16.5% received 
angiogram only and 26.6% did not have any 
procedure. In total, 73.4% of ACS patients 
received a coronary angiogram. 

After age and other exclusions were 
applied, 14,353 patients survived quarter 
one, 14,212  patients survived quarter two 
and 13,953 patients survived quarter four 
post discharge. Characteristics for these 
patients are shown in Table 1.  

Dispensing of cardioprotective medica-
tions for these cohorts are shown in Figure 1 
and Table 2. 

Dispensing of statins and aspirin over the 
first year post discharge followed a similar 
pattern: more than 90% of patients in the 
first quarter, which fell to around 80% in 
the second quarter and remained rela-
tively constant between quarters two and 
four. The dispensing of beta-blockers and 

ACEI/ARBs was lower than other medi-
cation classes in the first quarter (82.7% 
and 69.6%, respectively) and followed the 
same pattern as statins and aspirin, with an 
initial decrease in dispensing in quarter two 
(72.6% and 62.7%, respectively) followed 
by relatively constant dispensing between 
quarters two and four. 

Dispensing of a P2Y12 inhibitor did not 
follow the same pattern as the other medi-
cations. Although the greatest absolute 
percentage decrease was between quarters 
one and two (from 67.7% to 53.6%), 
dispensing decreased to 40.4% in quarter 

Table 1: Characteristics of ACS patients discharged 
from hospital in 2013/14.

Age-restricted cohort  
after exclusions 

 n (%) 
N=14,496

Age (years)

Mean 63.4

Age groups (years)

35–49 1,550 (10.7)

50–64 5,641 (38.9)

65–79 7,305 (50.4)

Sex

Female 4,532 (31.2)

Male 9,964 (68.8)

Prioritised ethnicity grouped

Māori 1,753 (12.1)

Pacific 765 (5.3)

Indian 571 (3.9)

Other 11,407 (78.7)

Diagnosis

STEMI/MIU 3,333 (23.0)

NSTEMI/UA 11,163 (77.0)

Coronary procedure

No procedure 2,290 (15.8)

Angiogram only 2,745 (18.9)

PCI 7,142 (49.3)

CABG 2,319 (16.0)

All angiograms 12,206 (84.2)
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four. These percentages are very similar to 
dispensing of combination antithrombotic 
therapy (see Appendix Table 1). Dispensing 
of anticoagulants was under 10% and 
changed little over time. 

Sex
Except for ACEI/ARBs, men had higher 

dispensing than women across all age 
groups (Figures 2a to 2c and Appendix Table 
2). These sex differences were greatest for 
the youngest age group, and they were 
smallest for the oldest age group. For ACEI/
ARBs, men had higher dispensing in the 
youngest age group but similar dispensing 
in middle and older age (Figure 2d). 

Coronary intervention and 
medication dispensing

For statins and aspirin, patients who had 
PCI or CABG had the highest dispensing, 
followed by angiogram only, with no 

procedure having the lowest dispensing 
(Figure 3 and Appendix Table 3). For P2Y12 
inhibitor dispensing, patients who received 
PCI had the highest dispensing with CABG 
lowest. For beta-blockers, people who had 
PCI or CABG had the highest dispensing, 
followed by angiogram only and no 
procedure. Those who had PCI had the 
highest dispensing of ACEI/ARB. 

Women were more likely than men to 
either not receive a coronary angiogram 
or have angiography without coronary 
intervention. The sex difference in rate of 
coronary angiography without intervention 
was most marked in younger age bands. 
In contrast, men were also more likely to 
receive PCI or CABG than women in all age 
groups, although the excess for PCI was 
greater in the younger age group (Appendix 
Figure 2). 

Figure 1: Cardioprotective medication dispensing in the first year post ACS discharge.

‘Combination antithrombotic therapy’ overlaps the P2Y12 inhibitor line, so it is not shown in this figure.



40

ARTICLE

NZMJ 12 March 2021, Vol 134 No 1531
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Figure 2a: Statin dispensing in quarters one, two and four post ACS discharge, by sex and age group.

Figure 2b: Combination antithrombotic dispensing in quarters one, two and four post ACS discharge, by 
sex and age group.
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Figure 2c: Beta-blocker dispensing in quarters one, two and four post ACS discharge, by sex and age group.

Figure 2d: ACEI/ARB dispensing in quarters one, two and four post ACS discharge, by sex and age group.
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Figure 3: Cardioprotective medication dispensing post ACS discharge by coronary procedure.
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Discussion
This study is the first to describe the 

dispensing of all key cardioprotective medi-
cations in the first year post discharge in a 
comprehensive New Zealand ACS cohort, and 
it serves as a baseline for future comparisons.  

Key findings
One in ten people were not dispensed 

any statin or aspirin immediately after 
discharge. Two in ten did not receive a beta-
blocker and approximately three in ten did 
not receive an ACEI/ARB or P2Y12 inhibitor 
agent post discharge.

A further one in ten did not receive a 
repeat dispensing of each of aspirin, statin, 
ACEI/ARB and beta-blocker agents in the 
second quarter. For these medications, the 
dispensing rate was then maintained at a 
similar level for up to a year. These agents 
are generally intended to be continued 
over the long term.1–8 Because quarter 
two post-discharge medication is typically 
prescribed by a patient’s general practitioner 
in primary care, the uniform early decline for 
each agent suggests a problem with patients 
engaging with primary care early after 
discharge to continue their medication. The 
alternative explanation is a one in 10 intol-
erance rate to all of these medications, but 
this alternative explanation is unlikely.13–20

Multiple factors contribute to non-dis-
pensing of medications. These can be 
considered broadly as generic and medi-
cation specific factors. Generic factors 
include patient/whānau and medical 
professional knowledge/beliefs and medical 
system processes. In this study, we were 
unable to disentangle all these factors, 
but there are two important observations. 
First, despite very good clinical evidence 
supporting the use of statins and aspirin 
for virtually all patients post ACS,1–8 one 
in ten patients were not dispensed these 
agents. Further investigation is required to 
understand the extent to which this is due 
to a decision by the hospital team not to 
prescribe this medication, versus whether 
there is a prescribing–dispensing gap, with 
patients not presenting the prescription to 
their pharmacist. Such a gap would also be 
relevant to other medications. 

The second and most important area 
for potential improvement that this study 
identified is the early discontinuation of 

medication post discharge. Again, further 
investigations that focus on the reasons for 
this early discontinuation are needed. Areas 
where improvement may be possible include 
the secondary-to-primary-care transition, 
primary care recall systems and patient/
whānau education and support.21 Better 
management of the transition between 
secondary and primary care is needed 
with early engagement of patients with a 
GP post discharge. There may be opportu-
nities in primary care to use both electronic 
recall systems and education/social support 
to better support patients with ongoing 
medication dispensing. Secondary care 
rehabilitation nursing and pharmacy teams 
play an important role in educating patients 
in hospital and early post-discharge, identi-
fying patients at risk and potential causes of 
non-adherence and helping to manage these, 
together with providing support in the tran-
sition back to primary care.22

Perhaps the most important medica-
tion-specific factor to consider is whether 
a specific medication is clinically indicated 
given the specific clinical presentation and 
treatment for each patient, and whether 
each one is tolerated. These considerations 
vary across the five agents. In addition, 
patient/clinician beliefs about specific agents 
may also contribute. 

Statins
Statin dispensing (along with aspirin) was 

relatively high across all quarters. In a prior 
study from two New Zealand hospitals, 95% 
of a 2007–2011 ACS cohort were prescribed 
a statin at discharge and 92% had one 
dispensed in the first quarter post discharge, 
which is similar to the current study.23 

Although the rate of statin intolerance in 
the current study is unknown, it is likely 
to be very low, given several systematic 
reviews and review panel findings that 
have found no difference in rates of myalgia 
between statins and placebo and rates of 
adverse events of 1% or less.13–18 Therefore, 
it is very likely that the prescribing rate of 
95.0% found by Kerr and colleagues, and the 
dispensing rate of 90.8% in quarter one (and 
lower rates in subsequent quarters) found in 
the current study, are lower than they could 
be. It is likely that perceived statin intol-
erance is a factor in sub-optimal prescribing 
and dispensing, and that this has likely 
caused excess mortality.24 
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Aspirin
Aspirin was dispensed to 90.6% of patients 

in the first quarter, similarly to the prior 
regional New Zealand study that reported 
a first quarter dispensing rate of 87.9%.23 
Possible clinical reasons for patients not 
being dispensed aspirin include intolerance, 
bleeding complications and substitution of 
an anticoagulant medication in those with 
atrial fibrillation. Aspirin intolerance is very 
low, with published estimates ranging from 
0.3% to 2.5%. But aspirin intolerance can 
be up to 10% in patients with asthma.19,20 In 
an international ACS cohort admitted to a 
coronary care unit, 1.8% (24 patients) had a 
documented history of aspirin hypersensi-
tivity, and all were able to be de-sensitised.25 
In a larger study of patients with coronary 
artery disease, 1.5% (142 patients) were 
found to have histories of aspirin reac-
tions.26 Of these 142 patients, 18% had 
histories of cutaneous reactions, 2.1% of 
respiratory reactions, 26.8% of gastrointes-
tinal intolerance and 23.2% of bleeding. 

Most adverse events caused by aspirin are 
due to bleeding.27 International ACS guide-
lines recommend aspirin post discharge, 
even in patients with a high bleeding risk, 
because the risk of mortality in those not 
taking aspirin outweighs the bleeding 
risk.1–5,7,8 New Zealand’s 30-day and one-year 
bleeding rates post ACS were reported to be 
around 5% and 8%, respectively.28 Bleeding 
events may account for some of those 
not dispensed aspirin in this study, but it 
cannot account for the finding that more 
than 20% of the surviving cohort were not 
taking aspirin at six months post discharge. 
Discontinuation or non-adherence to aspirin 
is associated with a three-fold higher risk of 
major adverse cardiac events.27

P2Y12 inhibitors
Recent Australian, European and 

American guidelines recommend that all 
ACS patients not at high bleeding risk should 
have at least 12 months of DAPT.3,5,8 Those 
at high bleeding risk are recommended 
to have at least six months of DAPT or 
dual therapy,3,5 except for those medically 
managed and at high bleeding risk, for 
whom European guidelines state that at 
least one month of dual therapy should be 
considered. 3 In medically managed patients 
without bleeding risk, the same guidelines 
recommend 12 months of dual therapy. The 

proportion dispensed P2Y12 inhibitors in the 
first quarter should then be similar to that of 
aspirin (90.6%), but this study found a much 
lower dispensing proportion of 67.7%, which 
can’t be explained by substitution with anti-
coagulants for those with AF. 

In a 2012 two-week national audit of New 
Zealand ACS patient management, Ellis 
and colleagues found an ‘other antiplatelet’ 
prescribing rate of 68.9%, a very similar 
proportion to that found by this study, as 
would be expected, given the similarity of 
the cohorts.29 

A notable difference between P2Y12 inhib-
itors dispensing and dispensing of the other 
four medications is that the dispensing 
proportion continued to decrease after 
quarter two. The absolute decrease in 
dispensing percentage from quarter two 
to quarter four for the other medications 
ranged from 1.4% to 2.6%, compared to 
13.2% for P2Y12 inhibitors. This difference 
in pattern will partly be due to physi-
cian-guided discontinuation, given the 
recommendation that the risk of bleeding 
should be taken into consideration when 
prescribing dual therapy. Patients who have 
physician-guided discontinuation of dual 
therapy post PCI have reportedly lower rates 
of major adverse cardiovascular events 
compared to those who remain on dual 
therapy, which points to the importance of 
individualised treatments.30  

The most recent guideline on dual 
antiplatelet therapy3 recommends that 
consideration be given to six months’ 
duration for patients after PCI with a 
high (>25) PRECISE-DAPT score.31 Prior to 
PRECISE-DAPT, there was no bleeding risk 
score specifically developed to assist clini-
cians in deciding duration of DAPT post 
ACS. The current study did not have the 
clinical data required to estimate bleeding 
risk, so it was not possible to determine the 
proportion of patients who were suitable 
candidates for a reduced duration of dual 
therapy. 

Beta-blockers and ACEI/ARBs
The prevailing New Zealand ACS guide-

lines at the time of this cohort recommended 
beta-blockers and ACEI/ARBs in all patients 
without known intolerance or contraindi-
cations.32,33 From this study’s first quarter 
dispensing rates of 82.7% for beta-blockers 
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and 69.6% for ACEI/ARBs, it appears that 
clinicians were not following those guide-
lines. However, this may represent clinical 
uncertainty regarding the evidence base 
behind these universal recommendations. 
Indeed recent guidelines have taken a more 
nuanced view regarding the use of ACEI/
ARB and beta-blockers. For example, the 
2016 National Heart Foundation of Australia 
and Cardiac Society of New Zealand and 
Australia recommend that, in the absence 
of a documented contraindication/intol-
erance, patients with high-risk features (left 
ventricular ejection fraction (LVEF) <40%, 
clinical heart failure, anterior MI, diabetes 
or hypertension) should have an ACEI/ARB, 
and those with LVEF <40% should have 
a beta-blocker.1,2,4,6,8 Information on left 
ventricular function and the other high-risk 
features was not available in these routinely 
collected datasets, so the proportion of this 
cohort that might be expected to be on these 
medications is unknown. 

Medication dispensing by age, sex 
and coronary intervention

Men of all age groups were more likely 
to be dispensed statins, aspirin, a second 
antiplatelet/anticoagulant and beta-blockers. 
This sex difference was most obvious in 
younger patients. Women have a higher 
bleeding risk post PCI than men, present at 
an older age and with more comorbidities,4 
which may influence prescribing deci-
sions and contribute to lower dispensing 
rates. The finding that women had lower 
rates of coronary revascularisation can 
partly be attributed to sex differences in 
the pathophysiological mechanisms of ACS, 
which may therefore also play a part in 
the observed sex differences in medication 
use.34 Women with ACS may be more likely 
to have microvascular disease and, despite 
greater morbidity and mortality, have less 
severe obstructive disease of coronary 
arteries.34,35 The higher rate of angiog-
raphy without associated revascularisation 
in young women is consistent with them 
having less obstructive coronary artery 
disease.36 The evidence base for routine 
secondary prevention therapy in patients 
without obstructive coronary disease is 
less clear, particularly for non-atheroscle-
rotic causes of ACS such as spontaneous 
coronary artery dissection, which constitute 
a greater proportion of ACS presentations in 

younger women, and Takotsubo syndrome, 
another non-atherosclerotic condition which 
mimics ACS, which occurs predominantly 
in women and may sometimes be misclas-
sified as ACS. Furthermore, a recent Swedish 
observational study reported that the most 
important components of ACS evidence-
based treatment for reducing recurrent 
major adverse cardiac events in patients 
without obstructive coronary artery disease 
were statins and ACEI/ARBs, and that there 
was a neutral effect of dual antiplatelet 
therapy.37 Further research is required to 
better understand the reasons and clinical 
implications of the observed age and sex 
differences in specific medication utilisation.

Strengths
This study is the first to describe 

dispensing of the key cardioprotective medi-
cation classes over the first year post ACS in 
a New Zealand resident cohort. The linked 
administrative data sets are of a high quality 
and completeness for discharge data and 
medication dispensing. 

Limitations
Dispensing data was used as a proxy for 

medication use. Although this method is 
used elsewhere,38,39 it may not necessarily 
equate to adherence. The methodology used 
to determine dispensing in each quarter 
only required any dispensing to have taken 
place, rather than dispensing to cover each 
day within the quarter with an adequate 
dose of medication. Other studies have used 
a medication possession ratio to address this 
issue.23,40 

Routinely collected datasets were used. 
The datasets did not contain information on 
certain clinical variables that are important 
to decisions of whether to prescribe cardio-
protective medications, such as medication 
intolerance, factors related to bleeding 
risk and left ventricular function. This 
study could not distinguish between physi-
cian-guided discontinuation of dispensing, 
interruption due to bleeding events or 
surgery and patient non-adherence. The 
cohort studied is from 2013/14 with one-year 
minimum follow-up. It took several years to 
obtain, analyse and report. Except for ACEI/
ARB and beta-blocker advice, there have 
been no major changes in prevention medi-
cation guidelines, nor dispensing practice, 
in New Zealand primary care since then 
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to suggest that findings in a more updated 
cohort would be meaningfully different. 

Conclusions
In this New Zealand-resident, post-ACS 

cohort, cardioprotective medication 
dispensing for all medication classes was 
lower than would have been the case if the 
current international ACS guidelines were 
followed. For all cardioprotective media-
tions, the greatest decrease in dispensing 

occurred between quarter one and quarter 
two, and then dispensing remained rela-
tively steady, except for P2Y12 inhibitors. 
This drop in dispensing is unlikely to be 
explained by true medication intolerance, 
and it highlights an important period 
for targeted interventions to improve 
adherence. 
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Appendix

Appendix Figure 1: Medication list.

• Statins
• Atorvastatin
• Fluvastatin
• Pravastatin
• Simvastatin

• P2Y12 inhibitors
• Clopidogrel
• Ticagrelor

• Anticoagulants
• Warfarin
• Dabigatran 

• ACE inhibitors
• Benazepril
• Captopril 
• Cilazapril
• Enalapril 
• Lisinopril 
• Perindopril
• Quinapril 
• Trandolapril 

• Angiotensin receptor blockers
• Candesartan
• Losartan

Appendix Figure 2: Proportion receiving coronary procedure by sex and age group, post ACS.
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Appendix Table 1: Cardioprotective medication dispensing in quarters one, two, three and four post 
ACS discharge, for 35–79 year olds.

Medication Q1  n (%)
N=14,353

Q2 n (%)
N=14,212

Q3 (%)
N=14,072

Q4 (%)
N=13,953

Statin 13,032 (90.8) 11,538 (81.2) 11,239 (79.9) 10,992 (78.8)

Aspirin 12,998 (90.6) 11,338 (79.8) 11,082 (78.8) 10,896 (78.1)

Beta-blocker 11,865 (82.7) 10,318 (72.6) 10,011 (71.1) 9,766 (70.0)

ACE-I/ARB 9,993 (69.6) 8,911 (62.7) 8,671 (61.6) 8,552 (61.3)

≥ 2 Antithrombotics 9,842 (68.6) 7,526 (53.0) 6,535 (46.4) 5,679 (40.7)

P2Y12 inhibitors 9,715 (67.7) 7,616 (53.6) 6,565 (46.7) 5,643 (40.4)

Anticoagulant 1,267 (8.8) 1,116 (7.9) 1,110 (7.9) 1,096 (7.9)

Appendix Table 2: Cardioprotective medication dispensing in quarters one, two and four post ACS 
discharge, by sex and age group.

  Age group  Q1 n/N (%) Q2 n/N (%) Q4 n/N (%)

Statins

Female 35–49 years 306/367 (83.4) 249/364 (68.4) 248/361 (68.7)

50–64 years 1346/1517 (88.7) 1155/1511 (76.4) 1113/1495 (74.4)

65–79 years 2234/2597 (86.0) 2008/2567 (78.2) 1876/2499 (75.1)

Male
 
 

35–49 years 1117/1179 (94.7) 955/1176 (81.2) 896/1171 (76.5)

50–64 years 3830/4086 (93.7) 3384/4064 (83.3) 3244/4025 (80.6)

65–79 years 4199/4607 (91.1) 3787/4530 (83.6) 3615/4402 (82.1)

Aspirin

Female
 
 

35–49 years 327/367 (89.1) 261/364 (71.7) 254/361 (70.4)

50–64 years 1349/1517 (88.9) 1160/1511 (76.8) 1119/1495 (74.8)

65–79 years 2259/2597 (87.0) 2001/2567 (78.0) 1891/2499 (75.7)

Male
 
 

35–49 years 1104/1179 (93.6) 935/1176 (79.5) 882/1171 (75.3)

50–64 years 3825/4086 (93.6) 3351/4064 (82.5) 3260/4025 (81.0)

65–79 years 4134/4607 (89.7) 3630/4530 (80.1) 3490/4402 (79.3)

P2Y12 inhibitors

Female
 
 

35–49 years 237/367 (64.6) 161/364 (44.2) 131/361 (36.3)

50–64 years 993/1517 (65.5) 738/1511 (48.8) 547/1495 (36.6)

65–79 years 1633/2597 (62.9) 1255/2567 (48.9) 923/2499 (36.9)

Male
 
 

35–49 years 874/1179 (74.1) 695/1176 (59.1) 535/1171 (45.7)

50–64 years 2939/4086 (71.9) 2360/4064 (58.1) 1766/4025 (43.9)

65–79 years 3039/4607 (66.0) 2407/4530 (53.1) 1741/4402 (39.6)
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Two or more antithrombotics

Female
 
 

35–49 years 237/367 (64.6) 155/364 (42.6) 127/361 (35.2)

50–64 years 984/1517 (64.9) 719/1511 (47.6) 538/1495 (36.0)

65–79 years 1666/2597 (64.2) 1224/2567 (47.7) 913/2499 (36.5)

Male
 
 

35–49 years 875/1179 (74.2) 690/1176 (58.7) 529/1171 (45.2)

50–64 years 2960/4086 (72.4) 2341/4064 (57.6) 1767/4025 (43.9)

65–79 years 3120/4607 (67.7) 2397/4530 (52.9) 1805/4402 (41.0)

Beta-blocker

Female
 
 

35–49 years 270/367 (73.6) 220/364 (60.4) 211/361 (58.4)

50–64 years 1183/1517 (78.0) 999/1511 (66.1) 974/1495 (65.2)

65–79 years 2091/2597 (80.5) 1853/2567 (72.2) 1745/2499 (69.8)

Male
 
 

35–49 years 999/1179 (84.7) 833/1176 (70.8) 761/1171 (65.0)

50–64 years 3500/4086 (85.7) 3031/4064 (74.6) 2868/4025 (71.3)

65–79 years 3822/4607 (83.0) 3382/4530 (74.7) 3207/4402 (72.9)

ACE–Is/ARBs

Female
 
 

35–49 years 217/367 (59.1) 182/364 (50.0) 170/361 (47.1)

50–64 years 1037/1517 (68.4) 915/1511 (60.6) 896/1495 (59.9)

65–79 years 1878/2597 (72.3) 1682/2567 (65.5) 1611/2499 (64.5)

Male
 
 

35–49 years 790/1179 (67.0) 679/1176 (57.7) 643/1171 (54.9)

50–64 years 2787/4086 (68.2) 2516/4064 (61.9) 2419/4025 (60.1)

65–79 years 3284/4607 (71.3) 2937/4530 (64.8) 2813/4402 (63.9)

Appendix Table 2: Cardioprotective medication dispensing in quarters one, two and four post ACS 
discharge, by sex and age group (continued).
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Appendix Table 3: Cardioprotective medication dispensing post ACS discharge by coronary procedure.

Medication Cardiac  
procedure

Q1 n/N  
(%)

Q2 n/N  
(%)

Q3 n/N  
(%)

Q4 n/N  
(%)

Statin
 
 
 

No procedure 1716/2206 (77.8) 1491/2144 (69.5) 1438/2086 (68.9) 1378/2038 (67.6)

Angiogram only 2402/2724 (88.2) 2056/2702 (76.1) 1970/2677 (73.6) 1924/2664 (72.2)

PCI 6762/7114 (95.1) 6028/7082 (85.1) 5914/7043 (84.0) 5796/7006 (82.7)

CABG 2152/2309 (93.2) 1963/2284 (85.9) 1917/2266 (84.6) 1894/2245 (84.4)

Aspirin
 
 
 

No procedure 1727/2206 (78.3) 1435/2144 (66.9) 1377/2086 (66.0) 1322/2038 (64.9)

Angiogram only 2319/2724 (85.1) 1946/2702 (72.0) 1870/2677 (69.9) 1837/2664 (69.0)

PCI 6785/7114 (95.4) 6024/7082 (85.1) 5948/7043 (84.5) 5873/7006 (83.8)

CABG 2167/2309 (93.9) 1933/2284 (84.6) 1887/2266 (83.3) 1864/2245 (83.0)

P2Y12  
inhibitors
 
 
 

No procedure 926/2206 (42.0) 675/2144 (31.5) 589/2086 (28.2) 506/2038 (24.8)

Angiogram only 1515/2724 (55.6) 928/2702 (34.3) 767/2677 (28.7) 658/2664 (24.7)

PCI 6307/7114 (88.7) 5367/7082 (75.8) 4663/7043 (66.2) 3978/7006 (56.8)

CABG 967/2309 (41.9) 646/2284 (28.3) 546/2266 (24.1) 501/2245 (22.3)

ACE-I/ARB
 
 
 

No procedure 1284/2206 (58.2) 1150/2144 (53.6) 1106/2086 (53.0) 1076/2038 (52.8)

Angiogram only 1853/2724 (68.0) 1598/2702 (59.1) 1566/2677 (58.5) 1526/2664 (57.3)

PCI 5516/7114 (77.5) 4840/7082 (68.3) 4718/7043 (67.0) 4646/7006 (66.3)

CABG 1340/2309 (58.0) 1323/2284 (57.9) 1281/2266 (56.5) 1304/2245 (58.1)

Beta-blocker
 
 
 

No procedure 1562/2206 (70.8) 1343/2144 (62.6) 1283/2086 (61.5) 1243/2038 (61.0)

Angiogram only 2101/2724 (77.1) 1749/2702 (64.7) 1682/2677 (62.8) 1664/2664 (62.5)

PCI 6176/7114 (86.8) 5417/7082 (76.5) 5283/7043 (75.0) 5131/7006 (73.2)

CABG 2026/2309 (87.7) 1809/2284 (79.2) 1763/2266 (77.8) 1728/2245 (77.0)

Anticoagulant
 
 
 

No procedure 276/2206 (12.5) 247/2144 (11.5) 256/2086 (12.3) 235/2038 (11.5)

Angiogram only 329/2724 (12.1) 304/2702 (11.3) 291/2677 (10.9) 295/2664 (11.1)

PCI 364/7114 (5.1) 324/7082 (4.6) 343/7043 (4.9) 345/7006 (4.9)

CABG 298/2309 (12.9) 241/2284 (10.6) 220/2266 (9.7) 221/2245( 9.8)
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Do the ‘Eyes’ have it?  
How good are surgeons at 
identifying appendicitis 

macroscopically?  
A retrospective study  

in New Zealand
Rennie X Qin, Damien L Ah Yen

ABSTRACT 
AIMS: The management of a macroscopically normal appendix during diagnostic laparoscopy  
depends on the accuracy of surgeons’ intra-operative assessments. This study aims to determine the 
accuracy of this assessment and identify factors affecting it.

METHODS: We reviewed appendicectomies on adult patients at Waikato District Health Board in 2017. 
The primary outcome was the agreement between the operative assessment and the gold standard 
histopathologic assessment. Secondary outcomes were predictors of this agreement.

RESULTS: 420 patients were included. Among 74 appendixes assessed as normal by surgeons, 16 
(21.6%) had appendicitis on histology. Surgeons assessed 346 appendixes as inflamed; however, 
22 (6.3%) were revealed to be histologically normal. Only 2 of the 14 appendiceal neoplasms on 
histology were identified at the time of laparoscopy. Overall, there was disagreement in 9.1% of cases. 
This yielded a kappa of 0.69, indicating moderate inter-rater reliability. An inflamed appendix was 
significantly more likely to be falsely assessed as normal by non-trainee registrars, in female patients 
and in patients with a pre-operative ultrasound. A pre-operative computerised tomography scan (CT) 
decreased the odds of false negative operative diagnoses, but it increased the odds of false positives. 

CONCLUSIONS: Macroscopic assessment of the appendix lacks accuracy and may be challenging in 
certain groups of operators and patients. 

Appendicectomy is the most-common-
ly performed emergency abdominal 
surgery worldwide. In New Zealand, 

more than 5,000 hospital admissions for ap-
pendicitis occur annually.1 The widespread 
adoption of a laparoscopic approach to ap-
pendicectomy in recent decades has allowed 
for the option of leaving a macroscopically 
normal appendix in situ. However, whether 
to do so is an ongoing debate , reflected by 
recent international surveys of experts.2,3 
Those who argue for leaving a macroscop-
ically normal appendix in situ quote the 

high morbidity of negative appendicecto-
mies compared to appendicectomies for 
uncomplicated appendicitis found by some 
studies.4,5 Those who argue for removing it 
fear recurrent presentations and complica-
tions arising from missed appendicitis.6 A 
decision, either way, depends on the ability 
of surgeons to make an accurate intra-opera-
tive diagnosis. Previous studies have demon-
strated that operative assessment may lack 
accuracy. Between 27% to 31% of macro-
scopically normal appendixes encountered 
at the time of surgery were found to be in-
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flamed on histologic examination.6–9 Studies 
have found the accuracy of intra-operative 
assessment to be unaffected by seniority and 
to be more challenging in female patients.7,10 
With the increasing prevalence of and 
familiarity with a laparoscopic approach, 
the accuracy of macroscopic assessment 
may be different in recent times compared 
to earlier cohorts. Therefore, this study aims 
to determine the accuracy of intra-operative 
assessment of appendicitis compared to the 
gold standard of histopathological exam-
ination and to identify factors affecting this 
accuracy. 

Methods
Patient eligibility

This study retrospectively reviewed 
all adults aged 15 years and over who 
underwent an appendicectomy for 
suspected appendicitis at Waikato District 
Health Board between 1 January 2017 and 
31 December 2017. We excluded appen-
dicectomies that were planned or a part 
of another procedure, such as a trauma 
laparotomy or a Hartmann’s procedure. 
Approval to carry out the review was 
granted by the Clinical Audit and Support 
Unit. 

Data collection 
Data were extracted from the electronic 

medical records, operation notes and 
histology reports. Data on demographic 
characteristics, pre-operative investigations 
and operative details including the operator, 
the approach and the findings, as well as the 
histopathological diagnosis, were collected 
using a standardised proforma. Data were 
collected in a secured database and anony-
mised prior to analysis.

Outcomes
The primary outcome was the agreement 

between surgeons’ macroscopic assessment 
obtained from the operation note with the 
histopathologic diagnosis. Operative and 
histological findings were both graded as 
normal and inflamed. A histological diag-
nosis of appendicitis was made at our 
institution on the basis of neutrophilic 
infiltrates in the wall of the appendix in 
the correct clinical context.11 Other oper-
ative findings were also recorded, such as 
suspicion for neoplasia. A further category 
of macroscopically uncomplicated appen-

dicitis was recorded in cases with the 
American Association for the Surgery of 
Trauma (AAST) grade 1 appendicitis, which 
includes appendixes that appeared acutely 
inflamed but not gangrenous or perfo-
rated.11 False negatives occurred when a 
macroscopically normal appendix turned 
out to have appendicitis on histology, and 
vice versa for false positives. 

Secondary outcomes were predictors 
of false positive and false negative oper-
ative assessment. This comprised of a set 
of pre-determined factors elicited from 
the literature, including training level, age, 
gender and pre-operative imaging. The 
training level of the operating surgeon 
was graded as (1) junior registrar, who 
has not yet entered the Surgical Education 
and Training Program (SET) of the Royal 
Australasian College of Surgeons, (2) 
senior registrar, who is training under the 
SET program and (3) consultant, who has 
completed SET training. When more than 
one operator was present, the training level 
of the more senior operator was counted.

Statistical analysis 
Statistical analyses were performed using 

R Studio version 1.3.1056-1. Inter-observer 
reliability between the surgeon and the 
pathologist’s assessment was tested using 
Cohen’s kappa. A value of less than 0.39 
indicated minimal or no agreement; 0.40–
0.58 indicated weak agreement; 0.60–0.79 
indicated moderate agreement; and above 
0.80 indicated strong or near-perfect 
agreement.12 Univariate logistic regression 
was used to assess for factors that predicted 
false positive and false negative operative 
assessment. A p-value of less than 0.05 was 
deemed to be significant in this study. 

Results
Demographics 

A total of 573 patients underwent appen-
dicectomy at Waikato Hospital in 2017. The 
inclusion criteria were met by 425 patients, 
and five cases were removed due to incom-
plete documentation. In total, 420 cases 
were included in the final analysis, of which 
54.5% were female and the median age was 
28 (Table 1). The majority (95.0%, 399/420 
cases) of appendicectomies were laparo-
scopic; the other 21 cases (5.0%) were open 
or converted to open.
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Correlation between operative and 
histological diagnoses

Among the 74 appendixes that appeared 
macroscopically normal to surgeons, 16 
(21.6%) were revealed to have appendi-
citis on histology. Twenty cases (27.0%) did 
not have appendicitis but had other histo-
logical findings. This included faecaliths 
in 10, fibrous obliteration in 5, lymphoid 
hyperplasia in 4 and polyp in 1. Of the 346 
appendixes that appeared to be inflamed to 
surgeons, 22 (6.3%) turned out to be histo-

logically normal (Table 2). An operative 
AAST grade 1 appendicitis was presented by 
19 of the 22 cases of false positive operative 
assessment.

Overall, the negative appendicectomy 
rate was 19.0%. There was an agreement 
between operative and histological 
assessment in 90.9% of cases. This yielded 
a Cohen’s kappa of 0.69, which indicates a 
moderate correlation. 

Appendixes assessed to have uncom-
plicated or AAST grade 1 appendicitis 
operatively had a higher rate of false 
positive macroscopic assessment (8.6%) and 
a lower rate of agreement between oper-
ative and histological diagnoses (90.5%) 
compared to the overall group. However, 
these differences were not statistically 
significant. 

Where neoplasm was found on histology, 
only 2 out of 14 cases (14.3%) were detected 
intra-operatively. The 14 cases included 
6 adenomatous and sessile serrated 
polyps, 4 neuroendocrine tumours, 3 
mucinous neoplasms and 1 appendiceal 
adenocarcinoma. 

The effect of seniority on operative 
assessment 

Table 3 describes the effect of seniority on 
the operative assessment of the appendix. 

Junior registrars’ operative assessment 
of the appendix had the lowest correlation 
with the histological assessment. They 
had higher rates of false positive and false 
negative operative diagnoses compared to 
the other groups. In particular, they were 
significantly more likely to falsely assess a 
histologically inflamed appendix as normal 
compared to senior registrars (Table 3). 
Consultants, however, did not significantly 
differ in the accuracy of their operative 
assessment compared to the other groups. 

Predictors of false positive 
and false negative operative 
assessment 

Table 4 describes the effects of other 
demographic and clinical characteristics 
on surgeons’ macroscopic assessment. 
False negative operative diagnoses were 
significantly more likely to occur in female 
patients and patients who had undergone 
a pre-operative ultrasound (USS). A pre-op-
erative computerised tomography scan 

Table 1: Demographic and clinical characteristics 
of patients undergoing appendicectomy.

n = 420 [n (%)]

Age (years)

15–34 260 (61.9%)

35–49 83 (19.8%)

≥50 77 (18.3%)

Gender

Female 229 (54.5%)

Male 191 (45.5%)

Ethnicity

European 282 (67.1%)

Māori and Pacific 97 (23.1%)

Other 28 (6.7%)

Missing 13 (3.1%)

Pre-operative imaging

None 238 (56.7%)

USS 80 (19.0%)

CT 98 (23.3%)

Both 4 (1.0%)

Approach

Laparoscopic 399 (95.0%)

Open and  
conversion to open

21 (5.0%)

Surgeon seniority

Junior registrar 28 (6.7%)

Senior registrar 377 (89.8%)

Consultant 15 (3.6%)
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Table 2: Surgeons’ macroscopic assessment of the appendix compared to pathologists’ histological 
assessment.

Operative assessment Histology assessment Total

Normal Inflamed

Normal 58 (78.4%) 16 (21.6%) 74

Inflamed 22 (6.4%) 324 (93.6%) 346

Total 80 340 420

Table 3 : The effect of seniority on the macroscopic assessment of the appendix.

Operative assessment 
by seniority

Histological  
assessment

FP rate p-valuea FN rate p-valuea Cohen’s 
kappa

Normal Inflamed

Junior registrar 

Normal 5 3
28.6% 14.3% 0.55

Inflamed 2 18

Senior registrar 

Normal 51 11
28.2% 0.96 3.5% 0.042* 0.71

Inflamed 20 293

Consultant

Normal 1 1
0.0% 0.99 7.1% 0.52 0.63

Inflamed 0 13

a p-value when tested against the junior registrar group.  
Abbreviations: FP, false positive; FN, false negative.  
*p-value < 0.05

decreased the odds of false negative oper-
ative diagnoses, but it increased the odds 
of false positive operative diagnoses. False 
positive operative assessments were also 
significantly more likely to occur in Māori 
and Pacific patients.

Subgroup analysis 
All of the 10 patients with a false negative 

operative assessment who had undergone a 
pre-operative ultrasound were female. The 
result of the ultrasound was inconclusive in 
eight patients, positive for appendicitis in 
one and negative for appendicitis in one. 

Discussion 
This study examined the agreement 

between operative assessment of the 
appendix and the gold standard of histo-
pathologic assessment and identified 

factors affecting this agreement. When 
the appendix was assessed as normal by 
surgeons intra-operatively, 21.6% turned 
out to be inflamed on histology. When the 
appendix appeared inflamed to surgeons, 
6.3% were revealed to be histologically 
normal; the majority of false positive oper-
ative diagnoses were in cases with operative 
AAST grade 1 appendicitis. Overall, oper-
ative and histological diagnoses disagreed 
in 9.1% of cases. Cohen’s kappa was 0.69, 
which indicates a moderate inter-observer 
correlation. 

Previous studies reported similar 
results. They demonstrated only moderate 
correlation between macroscopic and histo-
logical assessment of the appendix, with 
an agreement between the two in 83.5% to 
87.5% of cases.7,9,10 Previous studies found 
the negative predictive value of operative 
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Table 4: Demographic and clinical predictors of false positive and negative operative assessment.

False positive False negative

Odds 
ratio

95% CI p-value Odds 
ratio

95% CI p-value

Age <35

>35 1.80 0.66 4.72 0.32 0.32 0.10 0.86 0.08

Gender
 

Male

Female 0.85 0.36 2.06 0.76 7.00 2.31 31.40 0.011*

Ethnicity European and other

Māori and Pacific 2.96 1.20 7.34 0.040* 0.22 0.02 0.88 0.143

Pre-opera-
tive imaging

None

USS 0.46 0.18 1.10 0.157 11.19 4.67 28.42 <0.001***

CT 12.67 2.34 137.40 0.027* 0.16 0.02 0.64 0.050*

Abbreviations: CI, confidence interval; CT, computerised tomography; USS, ultrasound.  
*p-value<0.05, ** p-value<0.01, ***p-value<0.001.

assessment to be low, and histological signs 
of appendicitis were present in between 
27% and 31% of macroscopically normal 
appendixes.6–9 A study of macroscopic 
diagnosis based on video recordings found 
not only weak inter-observer correlation 
but also weak intra-observer correlation 
when the same operator viewed different 
videos.13 Previous studies also confirmed 
that operative diagnosis of appendicitis was 
less accurate in AAST grade 1 or uncompli-
cated appendicitis compared to complicated 
appendicitis with higher AAST grades.8 

Our study found that there is potential 
for pathology to be missed on macroscopic 
assessment. Only 2 out of 14 appendixes 
with neoplastic changes on histology were 
detected during the operation. Previous 
studies echoed this. Roberts et al. reported 
only 3 out of 16 neoplastic lesions were 
being detected intra-operatively, and Sadot 
et al. reported 1 out of 22.8,14 Twenty cases 
(27.0%) of macroscopically normal appen-
dixes had other histological findings such 
as faecaliths or lymphoid hyperplasia. 
Previous studies reported similar results.15,16 
The exact implications of these findings 
are unclear; however, studies have found 
faecalith and lymphoid hyperplasia to be 
associated with right iliac fossa pain even in 
the absence of histological appendicitis.  

Our study found the accuracy of oper-
ative assessment of the appendix to be the 
lowest in junior registrars. Junior registrars 
made significantly more false negative 
macroscopic assessment than senior regis-
trars. Similarly, Al-Ghnaniem et al. also 
found that inexperienced surgeons were 
more likely than experienced surgeons to 
make an incorrect diagnosis during laparo-
scopic appendicectomy.19 However, recent 
studies found that seniority did not affect 
the accuracy of operative assessment.7,10,20 
These differences in findings could be due 
to differences in the documentation of the 
presence of a more senior operator and 
different grading of seniority. For example, 
Pham et al. grouped early SET trainees and 
non-trainees, whereas this study compared 
non-trainees with all SET trainees.10 All 
studies have not found the accuracy of 
consultants’ operative assessment to be 
significantly different from the other groups. 
This is likely due to the consistent finding of 
a small number of consultants performing 
laparoscopic appendicectomies. 

We found significantly higher rates of false 
negative operative assessment in female 
patients. Other studies have also found 
female patients to be at particular risk of 
inaccurate operative assessment with higher 
rates of both false positive and false negative 
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operative diagnoses of appendicitis.10,20 
The assessment of female patients with 
suspected appendicitis is generally chal-
lenging with female gender being associated 
with a high negative appendicectomy rate.5,21 

With regards to imaging, we found the 
use of pre-operative ultrasound to increase 
the odds of a false negative operative 
assessment. This was also reported by 
Thong et al.20 A recent meta-analysis found 
ultrasound to have a low specificity at 81%, 
which reflects its lack of ability at excluding 
appendicitis.22 However, ultrasound could 
reduce the number of CTs performed, and it 
remains the recommended first-line inves-
tigation in certain patient groups due to 
its non-radiative nature.23 Female patients 
tended to be more frequently selected for 
an ultrasound, which again reflects the 
challenges of the operative assessment of 
appendicitis in female patients. A non-con-
tributory ultrasound with the appendix not 
being visualised could bias subsequent oper-
ative assessment.

On the other hand, this study found the 
use of CT imaging  significantly reduced 
the odds of a false negative operative 
assessment but significantly increase the 
odds of a false positive macroscopic diag-
nosis. Indeed, studies have generally found 
CT to have good sensitivity and specificity in 
diagnosing appendicitis.24 Strong et al. also 
found CT to be associated with more false 
positive operative diagnosis.7 A possible 
explanation could be that patients with CT 
proven appendicitis may have recovered 
with antimicrobial therapy while they 
waited for an operation. However, the 
assessment of the duration between imaging 
and operative intervention was outside of 
the scope of this study.

More false positive operative assessment 
of appendicitis was also found in Māori and 
Pacific patients in our study. The reason 
for this is not entirely clear. The associ-
ation between ethnicity and macroscopic 
assessment of the appendix has not been 
well studied previously and warrants 
further investigation.

This study is limited by its single-centre 
setting, which reduces its generalisability. 
Although histologic assessment of the 
appendix was used as the gold standard, 
potential inter-rater variability may exist 

between pathologists, and the diagnostic 
criteria used by different pathologists may 
differ. The retrospective nature of the study 
limits it in several ways. Firstly, data on 
operative assessment and operators present 
rely on accurate documentation in the 
operation note. Secondly, junior operators 
may have been selected for appendicec-
tomies that were perceived to be easier to 
perform, predisposing them to more chal-
lenging macroscopic diagnosis in patients 
with mild and uncomplicated appendicitis. 
Thirdly, due to a lack of blinding, surgeons’ 
macroscopic assessment may not have 
been entirely based on objective operative 
findings and may have been influenced 
by the patients’ clinical presentations or 
pre-operative imaging results. Lastly, in 
the analysis of the accuracy of operative 
assessment, this study did not include a 
number of macroscopically normal appen-
dixes that were left in situ by surgeons 
and therefore did not receive a histo-
logical assessment. Additionally, we cannot 
comment on the long-term implications 
of leaving behind appendixes that appear 
normal to surgeons. There are suggestions 
that mild appendicitis or endoluminal 
appendicitis without obvious macroscopic 
abnormality may resolve spontaneously 
without intervention.25 However, studies 
following-up patients with macroscopi-
cally normal appendixes left in situ have 
only included a relatively small number 
of patients thus far.26,27 A recent large 
retrospective cohort study supported the 
possibility that endoluminal appendicitis 
may be a pathological entity that tends to 
occur in young females with non-diagnostic 
imaging who do benefit symptomatically 
from appendicectomies.28 

This study found that the operative 
assessment could lack accuracy and may 
miss pathology. The accuracy of macroscopic 
assessment was lower in the most junior 
operators. The implementation of stan-
dardised and objective grading criteria for 
the macroscopic assessment of the appendix 
during laparoscopy has been found to 
improve the accuracy of the operative 
diagnosis of appendicitis.13,29 This may be 
of particular value in the training of junior 
operators. Female patients and patients 
who have undergone a pre-operative ultra-
sound are prone to false negative operative 



61

ARTICLE

NZMJ 12 March 2021, Vol 134 No 1531
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

assessment. The use of a pre-operative CT 
could reduce the odds of a false negative 
assessment in these patients; however, it 
needs to be balanced with the potential 
harm of ionising radiation. Low-dose CT has 
been found to be non-inferior in diagnostic 
utility compared to standard-dose CT and 
could be considered for this patient group.30 
The implications of leaving behind a macro-

scopically normal appendix warrant further 
exploration through large, randomised and 
blinded trials. 

This study found that macroscopic diag-
nosis of appendicitis could be challenging 
with 21.6% of macroscopically normal 
appendixes having histological signs of 
inflammation.

Competing interest:
Nil.

Acknowledgements:
The authors acknowledge the Clinical Audit and Support Unit at  

Waikato District Health Board. 
Author information:

Rennie X Qin MBChB, BMedSc (Hons): Registrar, Department of General Surgery,  
Waikato District Health Board, Hamilton, New Zealand.

Damien L Ah Yen MBChB, FRACS: General and Trauma Surgeon,  
Department of General Surgery, Waikato District Health Board, Hamilton, New Zealand.

Corresponding author:
Mr Damien Ah Yen, Department of General Surgery, Waikato District Health Board,  

Pembroke Street, Hamilton 3240, New Zealand, +64211004937
DamienAhYen@waikatodhb.health.nz

URL:
www.nzma.org.nz/journal-articles/do-the-eyes-have-it-how-good-are-surgeons-at-identify-

ing-appendicitis-macroscopically-a-retrospective-study-in-new-zealand

REFERENCES
1. Hider P, Wilson L, Rose J, 

Weiser TG, et al. The role 
of facility-based surgical 
services in addressing the 
national burden of disease 
in New Zealand: An index 
of surgical incidence based 
on country-specific disease 
prevalence. Surgery. 
2015;158(1):44–54. 

2. Jaunoo SS, Hale AL, 
Masters JPM, Jaunoo SR. 
An international survey 
of opinion regarding 
investigation of possible 
appendicitis and laparo-
scopic management of a 
macroscopically normal 
appendix. Ann R Coll Surg 
Engl. 2012;94(7):476–80. 

3. Turner EJH, Lightwood 
R. Management of the 
Normal Appendix during 
Laparoscopy for Right 
Iliac Fossa Pain. Mishra R, 
editor. World J Laparoscop-
ic Surg. 2009;2(2):15–7. 

4. Dubrovsky G, Rouch J, 
Huynh N, et al. Clinical 
and socioeconomic factors 
associated with negative 
pediatric appendicitis. J 
Surg Res. 2017;218:322–8. 

5. Mock K, Lu Y, Fried-
lander S, Kim DY, Lee 
SL. Misdiagnosing adult 
appendicitis: clinical, 
cost, and socioeconomic 
implications of negative 
appendectomy. Am J Surg. 
2016;212(6):1076–82. 

6. Bhangu A, Begaj I, Ray D. 
Population level analysis 
of diagnostic laparoscopy 
versus normal appendi-
cectomy for acute lower 
abdominal pain. Interna-
tional Journal of Surgery. 
2014;12(12):1374–9. 

7. Strong S, Blencowe N, 
Bhangu A. How good are 
surgeons at identifying 
appendicitis? Results from 
a multi-centre cohort study. 

International Journal of 
Surgery. 2015;15:107–12. 

8. Roberts JK, Behravesh M, 
Dmitrewski J. Macroscopic 
findings at appendicectomy 
are unreliable: implica-
tions for laparoscopy and 
malignant conditions of 
the appendix. Int J Surg 
Pathol. 2008;16(4):386–90. 

9. Phillips AW, Jones AE, 
Sargen K. Should the 
macroscopically normal 
appendix be removed 
during laparoscopy for 
acute right iliac fossa pain 
when no other explanatory 
pathology is found? Surg 
Laparosc Endosc Percutan 
Tech. 2009;19(5):392–4. 

10. Pham H, Devadas M, Howle 
J. Effect of surgical experi-
ence on the macroscopic 
diagnosis of appendicitis: A 
retrospective cohort study. 
International Journal of 
Surgery. 2015;16:78–82. 

http://www.nzma.org.nz/journal-articles/do-the-eyes-have-it-how-good-are-surgeons-at-identifying-appendicitis-macroscopically-a-retrospective-study-in-new-zealand
http://www.nzma.org.nz/journal-articles/do-the-eyes-have-it-how-good-are-surgeons-at-identifying-appendicitis-macroscopically-a-retrospective-study-in-new-zealand


62

ARTICLE

NZMJ 12 March 2021, Vol 134 No 1531
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

11. Hernandez MC, Kong VY, 
Aho JM, et al. Increased 
anatomic severity in 
appendicitis is associated 
with outcomes in a South 
African population. J 
Trauma Acute Care Surg. 
2017;83(1):175–81. 

12. McHugh ML. Interrater 
reliability: the kappa 
statistic. Biochem Med 
(Zagreb). 2012;22(3):276–82. 

13. van den Boom AL, de 
Wijkerslooth EML, Mauff 
K a. L, et al. Interobserver 
variability in the classifica-
tion of appendicitis during 
laparoscopy. Br J Surg. 
2018;105(8):1014–9. 

14. Sadot E, Keidar A, Shap-
iro R, Wasserberg N. 
Laparoscopic accuracy in 
prediction of appendiceal 
pathology: oncologic and 
inflammatory aspects. 
The American Journal of 
Surgery. 2013;206(5):805–9. 

15. Singhal V, Jadhav V. 
Acute Appendicitis: Are 
we Over Diagnosing it? 
Ann R Coll Surg Engl. 
2007 Nov;89(8):766–9. 

16. Chiarugi M, Buccianti P, 
Decanini L, et al. ‘What you 
see is not what you get’. A 
plea to remove a “normal” 
appendix during diagnostic 
laparoscopy. Acta Chir 
Belg. 2001;101(5):243–5. 

17. Grimes C, Chin D, Bailey 
C, et al. Appendiceal 
faecaliths are associated 
with right iliac fossa pain. 
Ann R Coll Surg Engl. 
2010;92(1):61–4. 

18. Giuliano V, Giuliano C, 
Pinto F, Scaglione M. 
Chronic appendicitis 
‘syndrome’ manifested 
by an appendicolith and 
thickened appen-
dix presenting as chronic 
right lower abdominal 
pain in adults. Emerg 
Radiol. 2006;12(3):96–8. 

19. Al-Ghnaniem R, Kocher 
HM, Patel AG. Prediction 
of inflammation of the 
appendix at open and lapa-
roscopic appendicectomy: 
findings and consequences. 
European Journal of 
Surgery. 2002;168(1):4–7. 

20. Thong DW, Crouch S, 
Morgan S, et al. Can 
Surgeons Identify Appen-
dicitis Macroscopically? 
Results From a Multicentre 
Prospective Study. Surg 
Laparosc Endosc Percutan 
Tech. 2019;29(5):344–8. 

21. Lee M, Paavana T, Mazari F, 
Wilson TR. The morbidity 
of negative appendicecto-
my. Ann R Coll Surg Engl. 
2014;96(7):517–20. 

22. Giljaca V, Nadarevic T, 
Poropat G, et al. Diagnostic 
Accuracy of Abdominal 
Ultrasound for Diagnosis 
of Acute Appendicitis: 
Systematic Review and 
Meta-analysis. World J 
Surg. 2017;41(3):693–700. 

23. Schuh S, Chan K, Langer 
JC, et al. Properties of 
serial ultrasound clinical 
diagnostic pathway in 
suspected appendicitis and 
related computed tomog-
raphy use. Acad Emerg 
Med. 2015;22(4):406–14. 

24. Di Saverio S, Birindelli 
A, Kelly MD, et al. WSES 
Jerusalem guidelines for 
diagnosis and treatment of 
acute appendicitis. World 
Journal of Emergency 
Surgery. 2016;11(1):34. 

25. Pieper R, Kager L, Näsman 
P. Clinical significance 
of mucosal inflamma-
tion of the vermiform 
appendix. Ann Surg. 
1983;197(3):368–74. 

26. van den Broek WT, 
Bijnen AB, de Ruiter P, 
Gouma DJ. A normal 
appendix found during 
diagnostic laparoscopy 

should not be removed: 
Diagnostic laparoscopy for 
suspected appendicitis. 
British Journal of Surgery. 
2001;88(2):251–4. 

27. Teh SH, O’Ceallaigh S, 
Mckeon JG, et al. Should 
an appendix that looks 
‘normal’ be removed at 
diagnostic laparoscopy 
for acute right iliac 
fossa pain? Eur J Surg. 
2000;166(5):388–9. 

28. Mizumoto R, Cristaudo 
AT, Lai NK, et al. Dilemma 
of mucosal appendicitis: 
a clinico-pathological 
entity? A retrospective 
cohort study. ANZ J Surg. 
2018 Apr;88(4):E284–8. 

29. Gomes CA, Sartelli M, Di 
Saverio S, et al. Acute 
appendicitis: proposal 
of a new comprehensive 
grading system based on 
clinical, imaging and lapa-
roscopic findings. World J 
Emerg Surg. 2015;10:60. 

30. Sippola S, Virtanen J, 
Tammilehto V, et al. The 
Accuracy of Low-dose 
Computed Tomography 
Protocol in Patients 
With Suspected Acute 
Appendicitis: The OPTI-
CAP Study. Ann Surg. 
2020;271(2):332–8. 



63

ARTICLE

NZMJ 12 March 2021, Vol 134 No 1531
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Perceptions of competency 
with evidence-based 

medicine among medical 
students: changes through 

training and alignment with 
objective measures

Nicholas J Clode, Kirsty Danielson, Elizabeth Dennett

ABSTRACT
AIMS: To identify whether medical students’ self-perception of competence with evidence-based 
medicine (EBM) increases throughout their senior years of medical training. Furthermore, to identify 
whether their self-perception aligns with their true competence measured using a validated tool. This 
investigation also outlines whether students report observation of and participation in the process of 
EBM in clinical practice. 

METHODS: A cross-sectional survey was undertaken with a convenience sample of medical students 
in their fourth, fifth and sixth years of training at one campus site of Otago Medical School between 
February and April 2018. Self-perceived competence with EBM was measured using a 10-item 
questionnaire. True competence was measured using the Assessing Competency in Evidence-Based 
Medicine (ACE) tool. Students were asked to self-report their observation of and participation in the 
process of EBM in clinical settings.

RESULTS: Out of 99 students invited to participate, we received a response rate of 97%. Participants 
included 37 fourth-year, 32 fifth-year and 27 sixth-year students. Mean self-perceived EBM competence 
was higher in sixth-year compared to fourth-year students. True competence was not significantly 
different between year groups. Medical students reported little observation of EBM in clinical settings, 
and few students reported to have participated in the process of EBM during clinical encounters.

CONCLUSION: The lack of explicit role modelling of EBM in clinical environments may be a barrier to 
students improving EBM competence in the senior years of medical training.

Graduating doctors have a regulato-
ry obligation to ensure their med-
ical decisions are based on ‘best 

evidence-based practice’.1 To meet this 
requirement doctors are expected to com-
bine research evidence, alongside clinical 
experience and patient preferences, to 
inform clinical decisions. Studies of med-
ical students and newly qualified doctors 
demonstrate that the primary source used 
for healthcare decision-making involves 
asking colleagues,2, 3 and resident physicians 
rarely use evidence-based sources to answer 
clinical questions.4 Barriers such as time, 

knowledge, skills in reading research and 
negative attitudes towards evidence-based 
medicine (EBM) may influence newly 
graduated doctors use of research informed 
practice.5,6

Medical schools aim to equip medical 
students with the necessary skills and 
competence in using research evidence 
to inform healthcare decisions. In a New 
Zealand medical school, research skills are 
taught explicitly to second- and third-year 
medical students through didactic teaching 
and self-study. In the fourth, fifth and sixth 
years of the programme, learning is case 
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based and clinically driven. The later years 
rely on students being self-directed in 
using research evidence to answer clin-
ically derived questions. This migration 
towards independently driven, clinically 
orientated EBM is necessary given these 
are the conditions under which graduate 
doctors are expected to practise medicine. 
However, international work has demon-
strated research-informed practice may 
not improve in the senior years of medical 
training,7 and it is not clear whether a 
self-directed approach serves medical 
students well in developing the requisite 
skills and competence.

It is recognised that the practice of newly 
graduated doctors is significantly influ-
enced by the practice of their colleagues.2 
Given that senior doctors are role models 
and may be viewed as experts of medical 
practice by medical trainees, their attitudes 
and use of research in clinical decision 
making may significantly influence the 
practice of trainees.8 International literature 
has reported that clinicians’ adherence to 
the EBM process may vary depending on 
medical sub-specialty and stage of career, 
and senior clinicians have been found to 
be resistant to changing practice based on 
literature.8 Sub-optimal role models have 
been noted as a barrier to EBM in a number 
of studies.8–10 There is currently no empirical 
data in a New Zealand healthcare context 
on whether medical students observe senior 
clinicians undertaking EBM in clinical 
practice. 

It is proposed in social cognitive theory 
that levels of self-efficacy with an activity 
influence participation in the given activity.11 
It follows that medical students who perceive 
themselves competent with use of a skill may 
be more likely to use that skill in practice. 
Medical educators have been increasingly 
interested in their students’ self-efficacy 
with clinical skills for this reason.12 There 
is no New Zealand-based data that identify 
whether medical students perceive them-
selves as competent with EBM or whether 
perceptions of competence change during 
the senior years of medical training. 
Furthermore, no New Zealand-based studies 
have explored whether students’ subjective 
judgements of their own EBM competence 
are accurate in comparison to a validated 
competency measurement tool. 

This study aims to identify whether 
medical students’ self-perceived and objec-
tively measured competence with EBM 
changes during the senior years of medical 
training. A secondary aim is to establish 
whether medical students report observing 
and participating in the EBM process in 
clinical practice environments.

Methodology
Design

A cross-sectional survey was undertaken 
with students undertaking the Bachelor 
of Medicine and Bachelor of Surgery (MB 
ChB) degree at Otago University between 
February and April 2018.

Sample
A convenience sample of 99 medical 

students were asked to participate in the 
investigation. Students from one of the 
three regional campuses that deliver the 
programme at Otago University were 
recruited. The survey sampled fourth 
(n=37), fifth (n=32) and sixth (n=30) year 
students who were undertaking a module 
with the Department of Surgery and 
Anaesthesia. 

Outcome measures
Self-perceived competence with EBM 

was measured using a questionnaire from 
a previous study.13 This questionnaire has 
demonstrated high internal consistency 
with one question removed.13 In the current 
investigation, this question was removed. 
Due to the investigation being undertaken at 
the start of the academic year, fourth-year 
students had not been exposed to clinical 
experiences by that time. Therefore, ques-
tions relating to the observation and 
practice of EBM in clinical environments 
were obtained from fifth- and sixth-year 
students only. 

Using the method described by Lai et al. 
(2011)13, a self-perceived EBM competence 
score was calculated for each participant 
by adding scores from question two and 
questions four to seven. These five ques-
tions contained 15 items that were scored 
from 1–4 or 1–5 on a Likert scale based on 
the participants level of agreement with 
statements. Combined, all items provided 
an overall score out of 62. Higher scores 
indicated greater self-perceived competence 
with EBM. 
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An additional five questions were added, 
which investigated students’ training, 
exposure and attitudes towards EBM. 
The additional questions were not used 
to calculate final scores of self-perceived 
EBM competence. The final self-perceived 
competence questionnaire was made up 
of 10 questions and 22 discrete items, 
alongside three demographic questions 
(Appendix Figure 1).

The Assessing Competence in Evidence-
Based Medicine (ACE) tool14 was used to 
quantify true competence. This tool has 
previously been demonstrated to have 
discriminant validity in identifying levels 
of EBM competence in medical students, 
alongside suitable internal consistency and 
content validity.14 The ACE tool consists of 
15 items over four EBM domains: formu-
lating a question, literature searching, 
appraising the evidence and applying the 
evidence. Items are based on a patient 
scenario, and each item requires a yes/no 
response. The questionnaire takes approx-
imately 13 minutes to complete and is 
scored on a linear scale from 0 (low score) 
to 15 (high score). 

Survey administration
Questionnaire surveys were distributed 

at the beginning of the academic year in an 
attempt to reduce inconsistencies arising 
from learning experiences occurring 
throughout the year and to maximise 
response rate by selecting a period not in 
proximity to examinations. Students were 
introduced to the aims of the investigation 
and asked to participate via an information 
leaflet within tutorial sessions. Time was 
allocated within the module to complete the 
questionnaire. 

Ethical consideration
Ethical oversight was provided by 

the department curriculum committee 
and head of department. Formal ethics 
committee approval was not required for 
the current investigation as it represented 
part of a curriculum evaluation under-
taken as a quality improvement activity. All 
surveys were completed anonymously. It 
was emphasised to students that selecting 
to complete the survey was voluntary 
and choosing not to complete the survey 
would not influence their standing at the 
university. 

Data analysis
Data was inputted into the Statistical 

Package for the Social Sciences (SPSS 24.0, 
IBM Corp) and analysed descriptively 
using summary data. A p-value of <0.05 
was determined to represent statistical 
significance. Sum competence scores were 
considered ratio level data and therefore 
parametric tests were used to analyse this 
data. However, in the case of parametric 
assumptions being violated (eg, normality), 
the non-parametric equivalent tests were 
used. The Shapiro–Wilk test and Levene’s 
test were used to assess the distribution and 
variance of ratio data respectively. Self-per-
ceived competence scores were considered 
ordinal level data therefore non-parametric 
tests were used in analysis of this data. 
Homogeneity of variance of non-parametric 
data was assessed using visual inspection of 
histograms. 

Results
Three students declined to participate, 

leaving 96 medical students who completed 
the final questionnaires. The survey 
response rate was 97%. 

Demographics
The majority of students (84%, n=81) 

were between 20 and 25 years of age. 
Fifty-nine percent of the participants were 
female. 

In answering a question about research 
experience, 47% (45) of participants 
indicated they had previous research 
experience including a postgraduate quali-
fication, PhD/MSc or a summer studentship, 
or they had previously published a paper 
(Table 1). 

Self-perceived competence  
with EBM

Forty percent (n=40) of students were 
satisfied with their results from literature 
searches the ‘majority, most, or all of the 
time’. Just over half the participants (52%, 
n=50) indicated that they could tell apart a 
good study from a not so good study ‘often, 
most, or all of the time’.

Participants reported being able to under-
stand the introduction and conclusion 
section of research articles ‘sufficiently’ or 
‘fully’ in 97% of cases (n=93). The results and 
methods section were reported to be under-
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stood ‘sufficiently’ or ‘fully’ by 78% (n=75) 
and 60% (n=58) of participants, respectively 
(Table 2).

Seventy percent (n=67) of partici-
pants reported they were confident with 
appraising ‘all’ or ‘certain types of study’. 
Thirty percent (n=29) indicated they either 
‘need a lot of guidance appraising all types 
of studies’ or they ‘haven’t a clue about 
critical appraisal’. 

Median self-perceived competence 
scores are reported in Table 3. A Kruskal–
Wallis test demonstrated significant 
differences in self perceived competence 

with EBM between year groups four, five 
and six: X2(2)=8.922, p=.012. Post hoc 
pairwise comparisons using Dunn’s (1964) 
procedure with Bonferroni correction 
found significant differences between 
years four and six (p=.019) and no signif-
icant differences between years four and 
five (p=.063) and five and six (p=1.0). 
A Mann–Whitney U test demonstrated 
median self-perceived competence with 
EBM was significantly higher in students 
who reported EBM experience (56.89) 
compared to those that did not (41.10): 
U=770, Z=-2.776, p=.006. 

Table 2: Participants self-perceived competence with understanding the different components of a 
research article.

Self-perceived 
competence  
in EBM

Not at all Partially Sufficiently  
but not fully

Fully

Understanding 
of an article’s 
introduction

0 3 (3%) 38 (40%) 55 (57%)

Understanding 
of an article’s 
methods

2 (2%) 36 (38%) 47 (49%) 11 (11%)

Understanding of 
an article’s results

1 (1%) 20 (21%) 60 (62%) 15 (16%)

Understanding 
of an article’s 
conclusion

0 3 (3%) 50 (52%) 43 (45%)

Ability to perform 
critical appraisal

8 (8%) 21 (22%) 55 (57%) 12 (13%)

Table 1: Participants research experience.

Yes No

Research experience (total) 47%  
(n=45)

53% (n=51)

4th year 43%  
(n=16)

57% (n=21)

5th year 47%  
(n=15)

53% (n=17)

6th year 52%  
(n=14)

48% (n=13)
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Competence with EBM
Mean EBM competence scores are 

summarised in Table 3. A Kruskal–Wallis 
test found no significant difference in EBM 
competence between year groups (X2=5.54, 
(2,93) p=0.063).

A Spearman’s correlation coefficient iden-
tified a weak positive association between 
scores of self-perceived competence and 
scores of true competence (rs=.246, N=96, 
p=.016).

An independent t-test found no signif-
icant difference between students with  
and without previous EBM experience  
and true competence scores: t(94)=1.372, 
p=.173. 

Observation of, and participation 
in, EBM in clinical practice 
environments

Thirty one percent (n=18) of participants 
reported observing EBM ‘many times’ in 
clinical practice. A larger number (47%, 
n=28) reported observing EBM ‘once or 
twice’. A smaller number indicated they 
have ‘never’ observed EBM (22%, n=13) in 
clinical practice (Figure 1).

Twelve percent of participants (n=7) 
reported to having participated in EBM 
‘many times’ in clinical practice. The largest 
number (47%, n=27) reported to have partic-
ipated ‘once or twice’ with EBM in clinical 
practice. Forty-one percent (n=24) reported 
‘never’ having participated in EBM in 
clinical practice (Figure 1). 

A Spearman’s correlation found a 
moderate positive association between 
participants exposure to observing EBM in 
clinical practice, and the frequency of partic-
ipation in EBM in their own clinical practice 
(rs=.486, N=58, p=.0001). A weak association 
was found between students perceived 
competence with EBM and their reported 
participation in EBM in clinical practice 
(rs=.337, N=58, p=.01).

Attitudes towards EBM
Only 23% (n=22) of participants agreed 

‘Strongly’ or ‘Somewhat’ that EBM was 
too time consuming to be done during 
day-to-day patient care. Very few partic-
ipants ‘Strongly agreed’ or ‘Somewhat 
agreed’ that EBM is ‘cookbook’ medicine 
(7%, n=7) or that EBM relies too much on 
statistics (8%, n=8) (Table 4).

Table 4: Participants agreement with statements around the relevance of EBM.

Strongly 
disagree

Somewhat 
disagree

Neutral Somewhat 
agree

Strongly 
agree

EBM is time consuming and  
cannot be done during  
day-to-day patient care

6% (6) 34% (33) 34% (33) 21% (20) 2% (2)

EBM is ‘cookbook’ medicine 7% (7) 31% (30) 48% (46) 7% (7) 0% (0)

EBM relies too much on sta-
tistics

18% (17) 37% (35) 35% (34) 8% (8) 0% (0)

Table 3: Median self-perceived competence (out of a total of 62) (IQR) and mean competence with EBM 
by year group (±SD). 

All 4th year 5th year 6th year

Median  
self-perceived 
competence

49 (44-54)  46 (39–53)  50 (40–60) 52 (42–62)

Mean  
competence  
(ACE tool)

9.79 ± 1.70 9.38 ± 1.82 10.38 ± 1.43 9.67 ± 1.71
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Discussion
Findings of the current investigation 

demonstrate a gap between self-per-
ception and the performance of medical 
students with competence in evidence-
based medicine (EBM). Although students 
perceived that their competence in EBM 
improved through some of the senior years 
of medical training, measures on a vali-
dated competency tool do not show this to 
be true. Comparable findings have been 
demonstrated where competence with EBM 
did not improve during the mid to senior 
years of medical training.7 Students with 
research experience rated their self-per-
ceived competence with EBM significantly 
higher than those with no research expe-
rience. However, it is interesting to note 
that this didn’t influence their overall 
competence with EBM, as measured with 
a validated tool. The mean competence 
score on the ACE tool achieved by students 
within this investigation was similar to a 
larger sample of senior medical students 
in Australia14 and lower than third-year 
medical students following focused EBM 
training.15 This suggests that the lack of 
improvement in EBM competence in the 
current students was not observed due to 
a high existing performance and ceiling 
effect. Results demonstrate only a weak 

association between students’ self-perceived 
competence with EBM and measures of true 
competence. Previous research has noted 
a lack of correlation between students’ 
judgements of competence with EBM and 
their performance on competency tools.16 
Findings of the current investigation are 
consistent with international research 
that demonstrates students may not be 
able to accurately self-assess their EBM 
competence.13

An important finding in the current 
investigation was that a substantial 
number of senior medical students (41%) 
report never having followed the process 
of EBM in clinical practice environments. 
Furthermore, nearly two thirds of students 
reported infrequently observing EBM 
in clinical practice. The lack of explicit 
role modelling from senior clinicians in 
incorporating research evidence into deci-
sion-making may have influenced students’ 
perception of the value of using research 
evidence to inform clinical decisions. 
Previous research has demonstrated in 
medical residents that the practice of their 
supervisors towards EBM had an enduring 
career impact on residents’ attitudes 
towards EBM.17 An interesting finding in 
the current investigation was the moderate 
positive association between students that 
observed EBM in clinical practice being 

Figure 1: Number of participants who report having observed and participated in EBM in clinical practice.



69

ARTICLE

NZMJ 12 March 2021, Vol 134 No 1531
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

more likely to have participated in the 
process of EBM in clinical environments. 
Previous qualitative research from a large 
international study found that sub-optimal 
role models were the most frequently cited 
barrier to EBM in medical programmes.18 
Other work has suggested senior medical 
staff do not use research informed practice 
and do not respond well to having their 
historical beliefs about treatments chal-
lenged with new research evidence.10 It is 
possible that students in the current study 
witnessed the application of EBM within 
clinical management, but that this was 
concealed due to the process of information 
seeking and appraisal occurring outside the 
clinical environment. The current findings 
suggest that, as in other countries, explicit 
role modelling of EBM within clinical 
practice environments in New Zealand 
is sub-optimal and may be a barrier to 
students participating in EBM. 

Despite other work indicating that 
students possess negative attitudes towards 
EBM6,10 and that lack of time is a barrier to 
research informed clinical practice,8,9 the 
current results do not support these asser-
tions. Participants in this cohort did not 
appear to have negative attitudes towards 
EBM. Only a minority of students agreed 
with the statement that EBM was ‘cookbook 
medicine’ or ‘relied too much on statistics’. 
Furthermore, less than a quarter of partic-
ipants in the current investigation agreed 
that ‘EBM is time consuming and cannot 
be done during day-to-day patient care’, 
suggesting the time to identify, appraise 
and apply research evidence was seen 
as a challenge less frequently by New 
Zealand medical students, in comparison 
to students internationally.9 These findings 
may reflect this cohort’s positive attitude 
towards EBM and suggest that students who 
perceive value in undertaking EBM may 
prioritise allocating time to this aspect of 
practice as a priority. An explanation for 
these results may be the focus of EBM at 
the given medical school. At the current 
institution, EBM is purposely interwoven 
within all areas of the curricula, particularly 
within case discussions and problem-based 
learning. This approach is different from 
standalone teaching of EBM topics and 
positions EBM as an important fabric of 

medical practice.18 Given medical students 
are conscious of the exponential increases 
in information available in modern clinical 
practice19, it is possible they are consid-
erate of the importance of refining skills 
that assist them in identifying high-quality 
information and developing the ability to 
adequately appraise material prior to its 
integration within decision-making. Trian-
gulating the questionnaire data with student 
interviews would have provided richer 
information and would be useful in future 
work.

Although self-perceived EBM competence 
scores increased throughout the senior 
years of medical training (Table 3), this was 
only significant between the fourth and 
sixth years. This finding may be attributable 
to an accumulation of research experience 
that students accrue as they progress 
through training. Interestingly, our findings 
demonstrated only a weak association 
between students’ self-perceived compe-
tence and participation in EBM in clinical 
environments. This suggests self-confidence 
with the process of EBM may not be a strong 
mediating factor to determine whether 
students participate with EBM in clinical 
environments. 

A strength of the current investigation 
was the excellent questionnaire response 
rate (96%), which reduced the risk of 
selection bias. The tools used to measure 
true and self-perceived competence with 
EBM were previously validated and were 
found to have satisfactory psychometric 
properties. The dichotomous nature of 
responses on scores meant results were 
not contaminated by issues of inter-rater 
reliability or interpretation. Limitations 
to findings of the current investigation 
are that participants were from one 
campus of a New Zealand medical school, 
and so the results may reflect the local 
academic or clinical environments only. 
Results may not be generalisable to other 
medical programmes, particularly to other 
programmes internationally. However, the 
consistency of these findings with other 
literature suggests that these results may 
have wider applicability. Using question-
naire surveys to understand the attitudes 
of a particular group have limitations that 
themes cannot be explored and data may 
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lack depth and rigour. By incorporating 
yes/no answers, the ACE tool has attracted 
criticism for not adequately capturing 
the full spectrum of thought processes 
needed to measure competence in a skill 
as complex as research-informed deci-
sion-making.20 Questionnaires in general 
have been criticised for measuring compe-
tence with EBM as most tools typically 
focus on one domain of EBM; critical 
appraisal.15 The ACE tool assesses multiple 
EBM domains and has been validated in a 
group of medical students, demonstrating 
discriminant validity between novice, inter-
mediate and advanced EBM students,14 so it 
was determined appropriate for the current 
investigation.

Conclusion
This investigation found that, in a 

New Zealand undergraduate medical 
programme, students’ competence with 
EBM failed to improve significantly in their 
final years of medical training. Lack of 
explicit role modelling of EBM in clinical 
practice is likely to be a barrier to students 
implementing EBM skills. Practising 
medical doctors who supervise students 
may reflect on how they are modelling EBM 
and supporting research-informed practice. 
Time taken to implement EBM was not a 
barrier for students in this investigation, 
but it may be a barrier for clinical doctors 
in role modelling EBM.
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Appendix
Appendix Figure 1: The Self-Perceived Evidence-Based Medicine Competence Questionnaire. See the 
complete questionnaire online: https://uploads-ssl.webflow.com/5e332a62c703f6340a2faf44/6047ca-
c433311e0f6d6d69f3_4839%20-%20appendix.pdf

21.08.2020 1 

Self-Perceived Evidence-Based Medicine Competence Questionnaire 
 
 
Responses to the questionnaire are anonymous.  Place a tick next to the relevant 
response. 
 
 

i) Age         20-25          26-30          31-35         36+  
 

ii) Gender              Male                        Female   
 

iii) Do you have previous research experience? (e.g. Post graduate 
qualification; Phd/MSc, summer studentship, published a paper)              

 
Yes   ◻                      No  ◻                  

 
If yes, please state your specific experience or post graduate qualification 
 
 _______________________________________________________________ 
 
 
Please answer the questions below which relate to your exposure and confidence 
with evidence-based medicine (EBM). 
 

1. Have you had formal training in how to conduct a literature search? 
 
                        Yes   ◻                      No  ◻                 Don’t know ◻ 
 
 

2. When performing a literature search, how often are you satisfied with your 
search results? 

 
           ◻                 ◻                      ◻                   ◻                 ◻ 
Very seldom/never   Less than half of the time   Around half of the time   Majority of the time   All/most of the time 
 
 
 

3. Have you been taught to critical appraise research articles thus far in your 
medical training? 

 
                         Yes   ◻                      No  ◻                 Don’t know ◻ 
 
 
 
  

https://uploads-ssl.webflow.com/5e332a62c703f6340a2faf44/6047cac433311e0f6d6d69f3_4839%20-%20appendix.pdf
https://uploads-ssl.webflow.com/5e332a62c703f6340a2faf44/6047cac433311e0f6d6d69f3_4839%20-%20appendix.pdf
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4. How often can you tell a good study from a not-so-good one? 
 
        ◻                 ◻                      ◻                   ◻                 ◻ 
Very seldom/never   Less than half of the time    Around half of the time   Majority of the time  All/most of the time 
 

5. In general, when you read an article, how well do you understand the 
following parts? 

 
1. Have not a clue     2. Understand partially      3. Understand sufficiently but not fully     4. Understand fully 

 
Introduction: 1. ◻ 2. ◻ 3. ◻ 4. ◻ 

 
Methods: 1. ◻ 2. ◻ 3. ◻ 4. ◻ 

 
Results: 1. ◻ 2. ◻ 3. ◻ 4. ◻ 

 
Conclusions: 1. ◻ 2. ◻ 3. ◻ 4. ◻ 

 
    

 
6. How well can you perform critical appraisal? 

 
                                     ◻                                                    ◻ 

                            Have not a clue                Need a lot of guidance in appraising all types of study  
 

                                       ◻                                                    ◻ 
Confident in appraising only certain types of study   Confident in appraising all common types of study 

 
 
 
     7.   How well do you understand the following?  
           (1. Unaware, 2. Heard about it, 3. Understand, 4. Can explain) (Please circle) 

 
Sensitivity/specificity 1 2 3 4 
Positive predictive value 1 2 3 4 
Relative risk/odds ratio 1 2 3 4 
Absolute/relative risk reduction 1 2 3 4 
Number needed to treat 1 2 3 4 
Randomisation 1 2 3 4 
Blinding 1 2 3 4 
Meta-analysis 1 2 3 4 

 
8. In the clinical setting, have you observed the practice of EBM 

(searching the literature, evaluating articles, and applying results to 
patients)? 

 
           ◻                   ◻                      ◻                     ◻                  
             Never                    Once or twice                       Many times                    Regular activity    
 
  

Appendix Figure 1: The Self-Perceived Evidence-Based Medicine Competence Questionnaire. See the 
complete questionnaire online (continued): https://uploads-ssl.webflow.com/5e332a62c703f6340a2faf44/
6047cac433311e0f6d6d69f3_4839%20-%20appendix.pdf

https://uploads-ssl.webflow.com/5e332a62c703f6340a2faf44/6047cac433311e0f6d6d69f3_4839%20-%20appendix.pdf
https://uploads-ssl.webflow.com/5e332a62c703f6340a2faf44/6047cac433311e0f6d6d69f3_4839%20-%20appendix.pdf
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9. In the clinical setting, have you participated in the practice of EBM 
(searching the literature, evaluating articles, and applying results to 
patients)? 

 
           ◻                   ◻                      ◻                     ◻                  
             Never                    Once or twice                       Many times                    Regular activity    
 

10. Indicate your agreement with the following statements: 
 

1. Strongly disagree     2. Somewhat disagree      3. Neutral     4. Somewhat agree    5. Strongly agree 
 
 

EBM is time consuming and cannot 
be done during day-to-day patient 
care 

1 2 3 4   5 

EBM is ‘cookbook’ medicine 1 2 3 4 5 
EBM relies too much on statistics 1 2 3 4 5 

 

Appendix Figure 1: The Self-Perceived Evidence-Based Medicine Competence Questionnaire. See the 
complete questionnaire online (continued): https://uploads-ssl.webflow.com/5e332a62c703f6340a2faf44/
6047cac433311e0f6d6d69f3_4839%20-%20appendix.pdf

https://uploads-ssl.webflow.com/5e332a62c703f6340a2faf44/6047cac433311e0f6d6d69f3_4839%20-%20appendix.pdf
https://uploads-ssl.webflow.com/5e332a62c703f6340a2faf44/6047cac433311e0f6d6d69f3_4839%20-%20appendix.pdf
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Pre-diabetes prevalence  
and associated factors  

in New Zealand  
school children:  

a cross-sectional study 
Hajar Mazahery, Cheryl S Gammon, Donna Lawgun, Cathryn A Conlon, 

Kathryn L Beck, Pamela R von Hurst

ABSTRACT
AIMS: The incidence of pre-diabetes and type 2 diabetes mellitus (T2DM) is increasing in children. Early 
identification of pre-diabetes is an important first step in preventing the progression to T2DM. The aim 
was to investigate the association of selected factors with pre-diabetes in children. 

METHODS: This data were from a subset of the 685 children recruited for the Children’s Bone Study, 
a cross-sectional study of children aged 8–11 years in Auckland, New Zealand. Glycated haemoglobin 
(HbA1c) was measured from a finger-prick blood test. Children were classified as normoglycaemic 
(HbA1c≤39mmol/mol) and pre-diabetic (HbA1c>39mmol/mol). Anthropometry included weight, 
height, waist circumference (WC) and percentage body fat (%BF) measured using bioelectrical 
impedance analysis. Information about age, gender, ethnicity and physical activity was collected by 
questionnaires. 

RESULTS: HbA1c was measured in 451 children (10.4±0.6years, 45% male). Pre-diabetes was present 
in 71 (16%) children and was greatest in South Asian (n=13, 30%), Pacific Island (n=29, 27%) and Māori 
(n=10, 18%) children, compared with European children (n=10, 6.0%) (P< 0.001). South Asian and 
Pacific Island ethnicity, high WC, high %BF and low physical activity were associated with pre-diabetes. 

CONCLUSIONS: Factors associated with pre-diabetes in children were ethnicity, anthropometric 
measures and physical-activity levels. The prevalence of pre-diabetes in children of South Asian and 
Pacific Island ethnicities suggests the need for appropriate and timely identification and intervention 
to halt the progression to T2DM. 

Once considered conditions of adult-
hood, the increase in the rates of obesi-
ty and physical inactivity over the last 

few decades have seen an accompanying in-
crease in the incidence of insulin resistance, 
pre-diabetes and type 2 diabetes mellitus 
(T2DM) in children around the world.1,2 

New Zealand has one of the highest rates 
of obesity for adults and children globally, 
with over 30% of children aged 2 to 14 
years now classified, using the Interna-
tional Obesity Taskforce (IOTF) cut-offs, as 
being overweight or obese.3,4 Although the 
absolute numbers of diagnoses of T2DM in 
children under 15 years are low, a steady 
increase has been observed.5 For pre-dia-
betes, only data for children 15 years and 

over has been reported, with a prevalence 
rate of 8.4% for those aged 15 to 24 years.6 

The early onset of T2DM in children and 
young adults is of concern because the 
increased duration of exposure to elevated 
blood glucose levels is likely to lead to a 
greater cumulative risk of microvascular 
(retinopathy, nephropathy and neuropathy) 
and macrovascular complications as they 
age, and the increased personal, societal and 
healthcare costs.7,8 Further, there is some 
evidence emerging that T2DM developed in 
youth is more aggressive than that devel-
oping in adulthood with, for example, a 
more rapid deterioration of β cell function 
reported and an earlier introduction of 
insulin treatment required.1 
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Pre-diabetes is defined as having either 
impaired glucose tolerance and/or impaired 
fasting glucose. 9 People with pre-dia-
betes are at increased risk of developing 
T2DM and cardiovascular diseases (CVD).10 
However, if a healthy lifestyle is followed 
at this stage, there is a chance to delay or 
prevent the future development of T2DM.

A glycated haemoglobin test is a recom-
mended diagnostic test used in the diagnosis 
of T2DM and may also be used as an oppor-
tunistic screening tool for pre-diabetes in 
those who present with risk factors.11 The 
wider availability of point of care (PoC) 
meters to measure glycated haemoglobin 
A1c (HbA1c) levels provides the opportunity 
of reaching a greater proportion of at-risk 
individuals through screening in community 
settings. 

However, there is some debate whether 
the same adult HbA1c cut-offs should be 
used in children. Some studies suggest that 
a lower cut-off should be applied.12–15 Even 
for adults there are differences in the cut-off 
criteria that are used between different 
countries. In New Zealand, an HbA1c level 
over 50mmol/mol indicates diabetes and a 
level between 41 to 49mmol/mol indicates 
pre-diabetes.11 This is in contrast to the 
American Diabetes Association (ADA), which 
recommends slightly lower cut-offs for 
diabetes (>48mmol/mol) and pre-diabetes 
(39mmol/mol).9 

In New Zealand, there are currently 
limited guidelines as to when to screen a 
child for pre-diabetes. Screening should be 
done in children or adolescents if they are 
obese (body mass index (BMI) ≥30kg/m2 or 
≥27kg/m2 in Indo-Asians), if there is a family 
history of early onset T2DM or if they are 
in an at-risk ethnic group (Māori, Pacific 
Island or Indo-Asian).11 The measurement 
of many recognised risk factors in adults 
(eg, BMI) is less reliable in children because 
the relationship between components of 
body composition changes throughout 
childhood due to periods of growth, such 
as with puberty.16,17 Furthermore, some 
studies suggest that waist circumference 
(WC)18,19 or waist to height ratio (WtHR)20 (as 
a measure of central obesity and fat distri-
bution) are better predictors of T2DM than 
BMI or percentage body fat (%BF). However, 
others report that measures of both central 
and overall adiposity strongly and similarly 

are associated with T2DM.20 Evidence also 
suggests that, despite having a WC within 
the normal range, individuals might be at 
increased risk of pre-diabetes/T2DM due to 
the increased adiposity.21

The aim of this study was to investigate 
the relationship between HbA1c levels as 
a measure of glycaemia, and a number of 
recognised risk factors that are associated 
with the later development of T2DM, in a 
group of Auckland school children. Being 
able to identify at-risk children early could 
provide the opportunity to implement life-
style modifications, which might delay the 
progression to T2DM. 

Methods 
The study was a cross-sectional study 

conducted between August and September 
2016 and August and September 2017 using 
a subset of school students in years 5 and 
6 (8–11 year olds) recruited from a wider 
study, the main aim of which was to inves-
tigate bone health in children of this age. 
Schools spanning a range of decile levels 
(a measure of socio-economic status, with 
a low-school decile representing a low 
socio-economic status) and ethnicities 
were approached to participate to ensure a 
diverse sample with oversampling of certain 
ethnic minority groups (Māori, Pacific Island 
and South Asian) known to be at higher risk 
of T2DM. This was to allow ethnic-specific 
analysis. 

Schools that agreed to participate were 
provided with written study protocol 
information for the school, parents and 
children. This detailed the intent of the 
study and the anthropometric test proce-
dures, and it included a link for a short 
video to explain the data collection proce-
dures to the children. Informed written 
consent was obtained from the parent and 
child, alongside an option to decline the 
finger prick blood test but still participate in 
the wider bone health study. Children were 
eligible for the wider bone health study if 
they were healthy and fully mobile, and 
they were excluded if they had a history 
of any disease affecting calcium, and 
vitamin D metabolism (eg, cardiac, kidney 
or liver disease), gastrointestinal disorders, 
a history of any long-term medication 
(eg, corticosteroids, anticonvulsants and 
immune-suppressants) or had any surgical 
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implants, metal screws or similar. The study 
was approved by the Massey University 
Human Ethics Committee: Southern A, 
Application 16/42.

Demographic and physical-activity 
questionnaire

A week prior to the school visit, the class 
teacher sent home a questionnaire to be 
completed by one parent or guardian for 
each child. The questionnaire included 
demographic questions, such as the date 
of birth and ethnicity of the child. Physical 
activity was evaluated using the short 
version of the International Physical 
Activity Questionnaire (IPAQ).22 Meta-
bolic equivalent (MET) minutes/week of 
physical activity was calculated as the MET 
intensity (walking=3.3 METs, moderate 
physical activity=4.0 METs and vigorous 
physical activity=8.0 METs) multiplied by 
the minutes of each physical activity multi-
plied by the number of days each physical 
activity occurred.22

 All questionnaires were 
returned to the teacher and were then 
checked for completeness by one of the 
research team on the day of the visit. 

Auckland is an ethnically diverse city. 
The predominant ethnic groups, using 
Statistics New Zealand level 1 categories, 
are: (i) European; (ii) Māori; (iii) Pacific 
Peoples; (iv) Asian.23 However, as people 
of South Asian ethnicity are known to 
be at increased risk of T2DM, the Asian 
group was further subdivided based on 
the geographic origins into (i) South Asian: 
Indian, Pakistani, Sri Lankan, Bangladeshi; 
(ii) East Asian: Chinese, Taiwanese, Korean, 
Japanese and (iii) South-East Asian: Indo-
nesian, Thai, Singaporean, Malaysian, 
Filipino, Laotian. Children of other ethnic 
groups such as Middle Eastern, Latin 
American and African were allocated to a 
separate ‘other’ group. 

Anthropometric measures
Anthropometric measurements were 

collected by trained researchers in a desig-
nated room at the children’s school during 
the school day. Height without shoes was 
recorded with a portable stadiometer 
(Seca 213) to the nearest 0.1cm, with two 
measurements taken and averaged. Waist 
circumference was measured in duplicate 
using the landmarks for waist measure-
ments24 with a Lufkin W606PM pocket 

tape positioned around the body over light 
clothing while standing and recorded to the 
nearest 0.1cm.

Percentage of body fat was assessed 
with the Biospace InBody 230 Bio-electric 
Impedance Analyser (BIA) with the whole 
body %BF used. The BIA has been validated 
against dual-energy x-ray absorptiometry 
for %BF in children.25 The statistical methods 
for the development of prediction equations 
based on body composition parameters have 
been described elsewhere.26 Weight without 
shoes and in light clothing was recorded to the 
nearest 0.1kg using the BIA. The BIA uses %BF 
and classifies children at risk versus normal/
low risk based on their gender and age. 

Body mass index and WtHR were calcu-
lated. Age and gender specific BMI were 
ascertained using the International Obesity 
Taskforce BMI cut-offs (also referred to as 
the IOTF cutoffs), applying the equivalent 
BMI values at 18 years and linking to child 
centiles.27–29 Waist-to-height ratio was catego-
rised as <85th and ≥85th percentiles of study 
population.

Assessment of glycaemic status
A trained researcher collected a finger 

prick blood sample to measure HbA1c levels 
using the Roche Cobas b 101 POC meter. This 
has been validated and delivers comparable 
outcomes to venous results on reference 
laboratory platforms.30 

The ADA cut-offs for increased risk 
39–46mmol/mol (5.7–6.4%) in children were 
used to categorise children as being in the 
normoglycaemic or pre-diabetic range.9 

Statistical analysis
Data was analysed using the IBM SPSS 

statistical program, Version 24.0 software 
(IBM Corporation, New York, USA). 

Standard descriptive statistics, including 
means, standard deviations, frequencies 
and percentages, were used as appropriate 
to summarise the socio-demographic and 
anthropometric results across participants 
grouped by their HbA1c level. Between-
group comparisons were made using 
Independent Student t-tests, or Pearson’s 
chi-square test for categorical data. 

Factors associated with HbA1c levels 
were assessed employing binary logistic 
regression analysis (univariable and multi-
variable). Children with missing information 
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were excluded (n=18; ethnicity, 9; WC, 9; 
WtHR, 9; BMI, 3; %BF, 3), which left 433 
children for the binary logistic regression 
analysis. Waist circumference and %BF 
were included in the regression analysis 
as a clinical measure (easy to apply) and a 
research measure, respectively. To avoid 
the violation of multicollinearity, WtHR and 
BMI were not included in the regression 
analyses. Three regression analyses were 
run including WC and %BF together and 
either of the anthropometric variables 
(WtHR and BMI) each individually along 
with demographic and lifestyle variables. 
Also, because there was a strong rela-
tionship between ethnicity and school decile 
(a smaller proportion of European children 
were from low decile schools, in comparison 
to Māori, Pacific and South Asian ethnic-
ities: 0.6% vs 36-76%, P<0.0001), we ran 
two regression analyses including either 
ethnicity or school decile to avoid multi-
collinearity. As the inclusion of either of 
these variables did not affect the results, the 
results with ethnicity are reported. Imbal-
anced data with binary outcome variables 
are associated with biases in the estimated 
probability of an event. We investigated 
the models to determine whether all the 
assumptions were met and which model 
had a better model fit (assessing -2 log like-
lihood). We also added interaction terms 
into the models to investigate for interaction 
effects between variables. 

Results
Of the 741 children invited to participate 

in the wider Children’s Bone Study, 685 
(92%) children consented to take part. Of 
these children, 451 who also consented to 
a finger prick blood sample were included 
in this study. The HbA1c group contained 
proportionally fewer European children 
than the total group, and they were signifi-
cantly older, taller, heavier and had a greater 
WC. There were no significant differences 
between the two groups for gender, BMI, 
%BF or physical activity (data not shown). 

Participant characteristics
Participant characteristics for the 451 

children, (whose HbA1c level was available) 
stratified by glycaemic status, are shown in 
Table 1. Age, sex, school decile and physi-
cal-activity information was available for 
451 children; ethnicity, WC and WtHR infor-

mation was available for 442 children; and 
BMI and %BF information was available 
for 448 children. The age of the children 
ranged from 8 to 12 years (mean 10±0.6 
years). Approximately one third of children 
were New Zealand European, and 13%, 24% 
and 10% were Māori, Pacific Island and 
South Asian, respectively. The mean %BF 
was 23±10% (range 7.8% to 50%) and WC 
63±11cm (range 41cm to 104cm).

Glycated haemoglobin levels ranged from 
27 to 46mmol/mol. None of children had a 
HbA1c level in the diabetes range. However, 
71 children (16%) had HbA1c levels indic-
ative of pre-diabetes, with a greater 
proportion of South Asian (30%), Pacific 
Island (27%) and Māori (18%) children, 
and those from low decile schools (31%), 
classified into this group than the normo-
glycaemia group. In contrast, European and 
East Asian children and those from medium 
and high-decile schools were predominantly 
within the normoglycaemic range. 

All anthropometric measures, except 
height, were significantly higher in the 
pre-diabetic group than the normogly-
caemic group. There was also a significant 
difference in the reported hours of physical 
activity per week, with fewer hours reported 
in the pre-diabetic group. 

Main analysis: associations of 
demographic and anthropometric 
factors with HbA1c

Due to the small number of children 
in the East Asian, South-East Asian and 
other ethnicity groups, these groups were 
combined for the regression analysis. Table 
2 presents the odds ratios (95% CI) from 
the univariable and multivariable analysis. 
Model x2 (9)=54, P<0.0001.

Pacific and South Asian children had 
3.5 and 5.8 times increased odds, respec-
tively, of being in the pre-diabetic group, 
compared with European children. In the 
univariate analysis, those of Māori ethnicity 
also showed increased odds of being in the 
pre-diabetic group, but the significance was 
lost after controlling in the multivariable 
analysis. 

Children whose self-reported physical 
activity was two hours or less a week had 
2.0 times higher odds of being in the pre-di-
abetic group than those who reported 
doing more than two hours a week. If 
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Table 1: Participants’ characteristics.

Total
n=451

Normogly-
caemic
n=380

Pre-diabetic
n=71

P-value1

Age (y) 10±0.6 10±0.6 11±0.60 0.10

Gender (M/F) 204/247 173/207 31/40 0.77

Ethnicity, n (%), n=442

European 158 (36) 148 (40) 10 (14)

Māori 56 (13) 46 (12) 10 (14)

Pacific 106 (24) 77 (21) 29 (41)

South Asian2 44 (10) 31 (8) 13 (19)

East Asian3 42 (10) 40 (11) 2 (3)

South-East Asian4 20 (5) 17 (5) 3 (4)

Others5 16 (4) 13 (4) 3 (4)

School decile, n (%) <0.0001

Low 134 (30) 92 (69) 42 (31)

Medium 133 (30) 119 (90) 14 (10)

High 184 (41) 169 (92) 15 (8)

Physical activity (hrs/week) 3.6±2.4 3.8±2.3 3.1±2.8 0.04

Anthropometric measures

Height (m), n=448 1.4±0.8 1.4±0.1 1.5±0.1 0.86

Weight (kg), n=448 40±11 38±10 47±14 <0.001

BMI (kg/m2), n=448 19±4.0 18±3.5 22±5.0 <0.001

Waist circumference (cm), n=442 63±11 62±9.7 71±13 <0.001

Waist-to-height ratio, n=442 0.44±0.07 0.43±0.06 0.49±0.08 <0.001

% Body fat, n=448 23±9.3 22±8.4 30±11 <0.001

HbA1c (mmol/mol) 36±3.1 35±2.3 40±1.6 <0.001

Values are mean±SD unless otherwise stated. 
BMI, body mass index; HbA1c, glycated haemoglobin A1c. 
1 Independent Student t-test or Pearson’s chi-squared for categorical variables. 
2 Indian, Pakistani, Sri Lankan and Bangladeshi 
3 Chinese, Taiwanese, Korean and Japanese. 
4 Indonesian, Thai, Singaporean, Malaysian, Pilipino and Laotian. 
5 Middle Eastern, Latin American and African
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their WC was ≥85th percentile or %BF was 
above the normal range (normal: 17±4.0% 
vs above normal: 32±7.0%, applying chil-
dren’s standards [30]), they had 2.6 and 
2.3 times higher odds of being in the 
pre-diabetic group, respectively. Over 56% 
(37/66) and 66% (44/66) of children with an 
HbA1c>39mmol/mol had a BMI and %BF, 
respectively, within the overweight/obese 
range. 

The associations of WtHR and BMI each 
individually with HbA1c are presented 
in Table 3. Children who had a BMI 
within overweight and obese ranges or 
a WtHR≥0.5cm had 2.3, 4.9 and 5.1 times 
higher odds (adjusted for demographic and 
lifestyle factors) of being in the pre-diabetes 
group, respectively. Inclusion of WtHR or 
BMI (each individually) in the analyses 
did not affect the association of ethnicity 
and physical activity with HbA1c (data not 
shown). 

Follow up analysis: associations 
of socio-demographics, 
anthropometric factors and HbA1c 
with ethnicity and school decile 

As a follow up analysis, the characteristics 
of children of different ethnicities were 
compared with New Zealand European 
children (Table 4). A larger proportion 
of Pacific Island, South Asian and Māori 
children were from low decile schools 
than New Zealand European children. 
Physical-activity levels were lower among 
Pacific Island and South Asian children and 
children of other ethnicities as compared to 
New Zealand European children. However, 
Māori children had physical-activity levels 
comparable to those of New Zealand 
European children. All anthropometric 
measures were higher in Māori and Pacific 
Island children, and only %BF was higher 
in South Asian children (while having 
comparable BMI and other anthropometric 
measures) than New Zealand European 
counterparts. New Zealand European 
children had the lowest HbA1c compared to 
all other ethnicities.

Children from low- and medium-decile 
schools (school decile was considered as a 
proxy measure of socioeconomic status) had 
lower physical-activity levels and higher 
BMI and %BF than children from high-
decile schools. Children from low-, but not 

medium-, decile schools had also higher WC 
and WtHR than children from high-decile 
schools (Table 4).

Discussion
The present study showed a high prev-

alence of pre-diabetes (HbA1c levels 
>39mmol/mol or 5.7%)9 in New Zealand 
school-aged children. Being of South Asian 
or Pacific Island ethnicity, doing less than 
two hours of exercise a week and having a 
WC≥85th percentiles and an above normal 
%BF (normal: 17±4.0% vs above normal: 
32±7.0%, applying children’s standards)31 
were associated with an increased odds of 
having pre-diabetes in these children.

In line with the increasing prevalence of 
overweight and obesity in children (by 47% 
during the period 1980–2013), 32 T2DM has 
become increasingly prevalent in children 
and adolescents.33–36 The participants in this 
study were New Zealand children aged 8–11 
years. The prevalence of pre-diabetes was 
16% in this study, which was higher than the 
prevalence reported in Chinese children and 
adolescents aged 6–17 years (1.9%),37 Indian 
children aged 5–10 years (3.7%)38 and Viet-
namese children aged 11–14 years (6.1%),39 
and it is closer to the prevalence reported 
in American adolescents aged 12–18 years 
(18%)40 and New Zealand adults aged 15 
years and older (19%).6 This difference may 
be due to the different screening methods 
used in these studies (eg, fasting blood 
glucose (FPG), oral glucose tolerance (OGT) 
and HbA1c) and participants’ characteristics 
(eg, age and ethnicity). 

Okosun et al (2015) compared the efficacy 
of individual blood glucose tests in screening 
for pre-diabetes in adolescents aged 12–19 
years and reported a prevalence rate that 
substantially differed across different 
screening methods (a prevalence rate of 
6.4, 12 and 1.8% using HbA1c, FPG and OGT, 
respectively).41 Furthermore, the difference 
was more pronounced for some ethnic 
groups; the prevalence of pre-diabetes was 
greater in non-Hispanic Black adolescents 
using HbA1c than FPG and OGT tests. The 
higher prevalence of pre-diabetes using 
HbA1c may be attributed to the racial/ethnic 
differences in haemoglobin glycation or red 
cell survival and vitamin and medication 
use.42,43 It is important to note that these 
blood glucose tests might measure different 



82

ARTICLE

NZMJ 12 March 2021, Vol 134 No 1531
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Table 2: Factors associated with HbA1c (normoglycaemic vs pre-diabetic) in 433 children.

Variables1 Normoglycaemic
n (%)
367 (85)

Pre-diabetic
n (%)
66 (15)

Association with HbA1c2

Univariable
OR (95% CI)

Multivariable
OR (95% CI)

Demographic and lifestyle variables

Age

<10 years 108 (88) 15 (12) Reference category

≥10 years 259 (84) 51 (16) 1.4 (0.8, 2.6) 1.5 (0.8, 2.8)

Sex

Male 1767 (86) 28 (14) Reference category

Female 200 (84) 38 (16) 1.1 (0.6, 1.8) 1.2 (0.7, 2.1)

Ethnicity

European 146 (94) 9 (6) Reference category

Māori 45 (83) 9 (17) 3.2 (1.3, 8.2) 2.3 (0.8, 6.5)

Pacific 77 (74) 27 (26) 5.6 (2.6, 12) 3.5 (1.5, 8.2)

South Asian3 30 (70) 13 (30) 6.2 (2.5, 15) 5.8 (2.2, 15)

Others4 69 (90) 8 (10) 1.7 (0.6, 4.5) 1.4 (0.5, 4.0)

Physical activity

>2 hours/week 284 (88) 39 (12) Reference category

≤2 hours/week 83 (76) 27 (24) 2.3 (1.3, 3.9) 2.0 (1.1, 3.7)

Anthropometric measures

Waist circumference

<85th percentiles 350 (87) 52 (13) Reference category

≥85th percentiles 17 (55) 14 (45) 5.6 (2.6, 12) 2.6 (1.1, 6.1)

% body fat

Low/normal 236 (91) 22 (9) Reference category

Above normal 131 (75) 44 (25) 3.5 (2.0, 5.9) 2.3 (1.2, 4.2)

CI, confidence Interval; HbA1c, glycated haemoglobin A1c; OR, odds ratio. 
1 Variables included in the multivariable model were: age, sex, ethnicity, physical activity, waist circumference (as a 
clinical measure), and %body fat (as a research measure); Model x2 (9) = 54, P<0.0001. 
2 HbA1c was coded as 1=Normoglycaemic (HbA1c ≤39 mmol/mol or 5.7%) and 2=Pre-diabetic (HbA1c >39 mmol/mol 
or 5.7%). 
3 Indian, Pakistani, Sri Lankan and Bangladeshi. 
4 East Asian (including Chinese, Taiwanese, Korean, and Japanese), South-East Asian (including Indonesian, Thai, 
Singaporean, Malaysian, Pilipino and Laotian) and others (including Middle Eastern, Latin American and African).
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Table 3: The association of waist-to-height ratio and BMI with HbA1c (normoglycaemic vs prediabetic) 
in 433 children.

Normo-glycaemic
n (%)
367 (85)

Pre-diabetic
n (%)
66 (165

Associations with HbA1c
Multivariate,  
OR (95% CI)

Model 11 Model 22

BMI (kg/m2)

Thin/normal 
weight

283 (91) 29 (19) Reference category

Overweight 57 (77) 17 (23) 2.3 (1.1, 4.6)

Obese 27 (57) 20 (43) 4.9 (2.3, 11)

Waist to height ratio3

<0.5 321 (90) 35 (10) Reference category

≥0.5 46 (60) 31 (40) 5.1 (2.7, 9.7)

BMI, body mass index; CI, confidence interval; HbA1c, glycated haemoglobin A1c; OR, odds ratio. 
1 Variables included in the multivariate model 1 were: age, gender, ethnicity, physical activity and BMI; Model 
1: x2 (9)=54, P<0.0001. BMI was categorised according to age and gender specific BMI was ascertained using the 
International BMI cut-offs (also referred to as the International Obesity Taskforce (IOTF) cut-offs), applying the 
equivalent BMI values at 18 years and linking to child centiles. 27–29 
2 Variables included in the multivariate model 2 were: age, gender, ethnicity, physical activity, and waist to height 
ratio; Model 2: x2 (9)=62, P<0.0001. Waist-to-height ratio was categorised as <85th (<0.05 cm) and ≥85th (≥0.5 cm) 
percentiles of population. 

aspects of blood glucose metabolism. Using 
a combination of HbA1c and FPG test has 
been suggested to provide both the benefits 
of individual test and decreases the risk of 
systemic bias inherent using only the HbA1c 
test.41,44 

Ethnicity/race has been recognised as 
a well-established risk factor for pre-di-
abetes and T2DM.9,45,46 Although the high 
prevalence of pre-diabetes was evident 
across all ethnic groups in our study, the 
greatest prevalence was observed in South 
Asian (30%), Pacific Island (27%) and Māori 
children (18%), rather than New Zealand 
European children (6%), which is similar to 
older population patterns in New Zealand.6 
Coppell et al (2013) reported a higher 
prevalence of pre-diabetes among Pacific 
Island and Māori youths and adults (aged 
15–24 years) than New Zealand European 
and others (13–14% vs 7%, respectively).6 
Similarly, the prevalence of T2DM has 
been reported to be higher among Pacific 
Island and South Asian adults aged 25 years 
and older than New Zealand Europeans.47 
Reports from other countries (eg, the US and 
UK) also show a higher prevalence of pre-di-
abetes in children and adolescents of some 

ethnic groups (eg, South Asian and Black 
African–Caribbean children as compared to 
whites48 and non-Hispanic Black adolescents 
as compared to their non-Hispanic white 
counterparts).40

We speculated that the difference of 
overweight/obesity measures between 
children of these ethnicities (South Asian, 
Pacific Island and Māori children) and New 
Zealand European children might partially 
contribute to differences in pre-diabetes 
prevalence. All measures of overweight/
obesity were positively associated with 
pre-diabetes (Tables 2 and 3), which is 
consistent with previous studies showing 
obesity as a risk factor for pre-diabetes and 
T2DM.6,40,41 We also showed that %BF above 
normal was a better factor associated with 
pre-diabetes than BMI (eight more pre-dia-
betic children). It is important to note that 
although anthropometric measures are 
recommended methods of assessing pre-dia-
betes and T2DM risk, they do not necessarily 
capture all those at risk. We found that 9%, 
10%, 10% and 13% of children with normal 
%BF, BMI, WtHR and WC, respectively, were 
in the pre-diabetic group, suggesting that 
other risk factors are involved. 
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Table 4: Participant characteristics across ethnic groups and school deciles.

Variables Ethnicity P-value3 School decile P-value4

European Māori Pacific South 
Asian1

Others2 High Medium Low

School decile, n (%) <0.0001

Low 1 (0.6) 20 (36) 80 (76) 22 (50) 10 (13)

Medium 28 (18) 21 (38) 13 (12) 19 (43) 48 (62)

High 129 (82) 15 (27) 13 (12) 3 (7) 20 (25)

Age (y) 10±0.6 10±0.8 10±0.6 10±0.6 10±0.6 0.38 10±0.6 10±0.7 10±0.6 0.08

Sex, n (%) 0.82 0.78

Female 86 (54) 33 (59) 58 (55) 21(48) 45 (58) 97 (53) 75 (56) 75 (56)

Male 72 (46) 23 (41) 48 (45) 23 (52) 33 (42) 87 (47) 58 (44) 79 (44)

Physical 
activity (hrs/
week)

4.4 
(3.0, 6.0)

4.0 
(2.3, 5.7)

2.7 
(2.0, 3.9)

3.2 
(1.5, 4.3)

2.3 
(1.2, 4.1)

<0.0001 4.3 
(3.0, 5.4)

2.5 
(1.1, 5.0)

2.5 
(1.5, 3.4)

<0.0001

Anthropometric measures

Waist  
circumference

58 
(55, 63)

67 
(59, 77)

68 
(61, 79)

59 
(55, 69)

57 
(52, 62)

<0.0001 59 
(56, 64)

61 
(54, 69)

65 
(60, 79)

<0.0001

Waist-to-
height ratio

0.41 
(0.39, 0.43)

0.45 
(0.42, 0.52)

0.46 
(0.43, 0.53)

0.42 
(0.39, 0.48)

0.41 
(0.37, 0.45)

<0.0001 0.41
(0.39, 0.44)

0.43 
(0.38, 0.47)

0.45 
(0.41, 0.53)

<0.0001

BMI 
(kg/m2)

17 
(16, 18)

19 
(17, 24)

21 
(17, 25)

17 
(15, 20)

17 
(16, 19)

<0.0001 17 
(16, 19)

18 
(16, 20)

19 
(17, 25)

<0.0001

% Body fat 18 
(15, 22)

22 
(17, 34)

27 
(19, 38)

22 
(16, 32)

21 
(16, 26)

<0.0001 18 
(14, 23)

21 
(16, 30)

24 
(19, 37)

<0.0001

HbA1c 
(mmol/mol)

34±2.9 36±2.9 37±2.9 37±3.5 35±2.5 <0.0001 34±2.8 35±2.5 37±3.1 <0.0001

BMI, body mass index; HbA1c, glycated haemoglobin A1c. 
Values are mean±SD and median (25th, 75th percentiles) unless otherwise stated. 
I1ndian, Pakistani, Sri Lankan and Bangladeshi. 
2 East Asian (including Chinese, Taiwanese, Korean and Japanese), South East Asian (including Indonesian, Thai, Singaporean, Malaysian, Pilipino and Laotian) and 
others (including Middle Eastern, Latin American and African). 
3 One-way ANOVA for normally distributed data and Kruskal–Wallis non-parametric test for not-normally distributed data. Adjusted for multiple comparison. Ethnic 
groups were compared vs New Zealand European. Data in bold are indicative of a significant difference (significant at P<0.0125). 
4 One-way ANOVA for normally distributed data and Kruskal-Wallis non-parametric test for not-normally distributed data. Adjusted for multiple comparison. Lowe and 
medium decile schools were compared vs. high decile school, Data in bold are indicative of a significant difference (significant at P<0.025).
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In agreement with other studies,49–53 
Pacific Island and Māori children had 
higher rates of overweight/obesity, but 
South Asian children had comparable rates, 
when compared to New Zealand European 
children. However, in line with previous 
reports,54–57 we showed South Asian children 
to have a higher amount of total body fat 
for a given BMI compared to New Zealand 
European children; the mean %BF of South 
Asian and New Zealand European children 
for BMIs within the normal range were 
20±6.8% and 18±5.2% (P=0.03, not adjusted 
for multiple comparison), and within the 
overweight and obese range they were 
37±6.0% and 32±8.3% (P=0.08, not adjusted 
for multiple comparisons), respectively. It 
has been suggested that South Asians, while 
anthropometrically thin, are metabolically 
obese, which is evident even from infancy.58 
The mechanism behind the association of 
overweight/obesity and %BF and diabetes 
may be linked with the adverse effect of 
excess visceral and hepatic fat on endocrine 
function and the body’s inflammatory system 
(the release of pro-inflammatory cytokines, 
such as C-reactive protein),59 which leads to 
insulin resistance and compensatory hyper-
insulinemia and T2DM. 59 

Our study showed that physical activity 
was negatively associated with pre-dia-
betes prevalence, and physical-activity 
levels were lower in Pacific Island and 
South Asian children and children of other 
ethnicities than New Zealand European 
children. However, Māori children in our 
study had a physical-activity level compa-
rable to that of New Zealand European 
children, and this may partly explain why 
Māori children had lower prevalence of 
pre-diabetes than Pacific Island and South 
Asian children. Consistent with our findings, 
previous cross-sectional and longitudinal 
studies and meta-analyses have shown that 
physical activity reduces the risk of T2DM 
in people with pre-diabetes and the effect is 
independent of dietary factors and weight 
loss.60–62 The mechanism behind the associ-
ation of physical activity and diabetes may 
be linked with physical-activity induced 
energy deficits and improvements in glucose 
homoeostasis that occur through acute 
responses and chronic adaptations.63,64 

Ethnic differences in pre-diabetes risk 
in the present study could be partially 

explained by differences in socio-eco-
nomic status. Ethnic groups in our study 
were disproportionally distributed across 
different school deciles, with a larger 
proportion of Pacific Island (76%), South 
Asian (50%) and Māori (36%), rather than 
European children (0.6%), being from 
low-decile schools. In comparison to those 
from high-decile schools, children from 
low-decile schools had more adiposity (as 
was shown by higher WC, WtHR, BMI and 
%BF) and less physical activity, and they 
had increased odds of being in the pre-di-
abetes group. The findings of the present 
study are consistent with those of other 
studies showing that social disadvantage is a 
determinant of T2DM and its risk factors.65–67 

Social disadvantage influences people’s 
attitudes, experiences and behaviours and 
exposure to several health risk factors and 
therefore may lead to chronic diseases, 
including T2DM.68 

The present study had several limitations. 
Firstly, only HbA1c, rather than a combi-
nation of glucose tests, was measured. 
Studies found the sensitivity of individual 
glucose tests as a screening method for 
pre-diabetes could be relatively less than 
when a combination of tests (eg, fasting 
blood glucose and HbA1c) are performed, 
and thus this method may misclassify 
some individuals as pre-diabetic due to 
differences in haemoglobin glycation or 
red cell survival. However, using HbA1c 
is associated with some advantages that 
include being less invasive and having 
no requirement for fasting (which can be 
problematic for a paediatric population),69 
a longer-term of glycaemia than plasma 
glucose43 and less analytical variability than 
FPG and the OGT methods.11 Secondly, we 
did not measure the fasting insulin concen-
tration and could not assess the insulin 
resistance, such as homoeostasis model 
assessment-insulin resistance. Thirdly, we 
did not collect information about family 
history of diabetes, gestational diabetes, 
pre-term birth, birth weight and stage of 
puberty, all of which are considered risk 
factors for diabetes.70–73 We also did not 
collect information about diet (including 
components, quality and behaviours), which 
is considered an important risk factor for 
diabetes.37,74,75 Finally, a self-completed ques-
tionnaire was used to estimate time spent 
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engaging in physical activities (including 
walking to school). This meant that the 
accuracy of the data was dependent on the 
literacy and willingness of those providing 
it. Additionally, since the study conducted 
over the winter period, seasonality may 
have had an effect. The use of accelerom-
eters for energy expenditure would provide 
a more accurate assessment of physical-ac-
tivity levels. 

Despite the limitations, the present study 
had several strengths. This study used a 
large sample with broad representation 
of New Zealand’s ethnic distribution. 
Furthermore, with the relatively recent 
emergence of T2DM in children and adoles-
cents, HbA1c testing has not been used as 
extensively in these groups. The present 
study, to the best of authors’ knowledge, 
is the first to investigate selected factors 
associated with pre-diabetes using HbA1c 
in children in New Zealand. Finally, as our 
cohort was not recruited on any specific 
weight status, we were able to assess a 
range of body types, whereas paediatric 
studies using HbA1c as a measure have 
tended to focus on overweight or obese 
children only. The observation that even 
some of children who had normal anthro-
pometric measures (eg, WC, %BF, BMI and 
WtHR) were pre-diabetic was an advantage 
of this approach.

Conclusions
Using a large sample with broad represen-

tation of ethnic distribution in New Zealand, 
the present study found a high prevalence 
of pre-diabetes in children. Being of South 
Asian and Pacific Island ethnicities, doing 
less physical activity and having high WC 
or %BF were significantly associated with 
pre-diabetes in children. Ethnic disparities 

in overweight/obesity and physical-activity 
level were observed. The prevalence of 
elevated HbA1c in children of these ethnic-
ities suggests that the risk is present early 
in life, which supports the need for appro-
priate and timely approaches to halt the 
progression to T2DM. However, it should be 
noted that neither WC, %BF, BMI nor WtHR 
were associated with high HbA1c in all 
children. Using these factors, a proportion 
of children would not have been iden-
tified as being at risk, which highlights the 
importance of other risk factors including 
ethnicity as an independent risk in the 
assessment of children. 
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Can patient symptoms 
reliably predict major 
oesophageal motility 
disorders assessed by 

conventional water 
perfusion manometry?

Conrad Stranz, Thomas Watkinson, Andrea Cross,  
Peter Hamer, Ross Roberts

ABSTRACT
AIM: This study aimed to determine whether symptoms can reliably predict a major disorder of 
oesophageal motility as assessed by conventional water perfusion manometry.

METHODS: Data from patients who underwent conventional water perfusion oesophageal manometry 
and a pre-manometry questionnaire between October 1998 and August 2018 were extracted from a 
database. Clinical features (dysphagia, chest pain, regurgitation, dysphagia to a bread challenge) and 
combinations of these clinical features were compared to manometric diagnoses. 

RESULTS: Data from 546 patients were analysed. Thirty-three (6%) patients had a major disorder 
of motility, and 513 (94%) had normal manometry or a minor disorder of motility. ‘Any dysphagia’ 
(dysphagia as a symptom or dysphagia to a bread challenge) or ‘chest pain’ was experienced by all 
patients with a major disorder of motility and 435 of 513 patients with normal manometry or a minor 
disorder of motility (p=0.009). Sensitivity was 100%, and specificity was 15%, in identifying patients 
with a major disorder of motility using symptom combinations and a bread challenge. 

CONCLUSION: Symptoms and provoked dysphagia to bread were able to predict patients with a 
major disorder of oesophageal motility with a sensitivity of 100%. However, as specificity was 15%, 
confirmation with manometry is indicated if possible. 

Oesophageal manometry is the inves-
tigation of choice for assessment of 
motor function of the oesophagus.1 

It can be performed to identify patients 
with a major disorder of motility, if this is 
suspected, or to help decide whether a pa-
tient is appropriate for anti-reflux surgery. 
The Chicago classification has been devel-
oped to aid analysis and interpretation of 
high-resolution manometry.2 Prior to high 
resolution manometry and the Chicago 
classification, despite there being no uni-
versally accepted classification of motility 
disorders, certain conditions were well 
described (Table 1).3

Limited access to oesophageal manometry 
can result in delays to diagnosis and 
treatment for major motility disorders of the 
oesophagus as well as anti-reflux surgery. 
Because high resolution manometry is 
not readily available globally and is more 
expensive to set up and maintain,4 conven-
tional water perfusion manometry retains 
a role in assessing oesophageal motility. 
A comparative study of water perfusion 
and solid-state systems for oesophageal 
manometry concluded that most pressure 
measurements were consistent between the 
two systems. Patient tolerance was better for 
water perfusion manometry.5
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Table 1: Criteria for disorders of motility with conventional water perfusion manometry (major disor-
ders of motility above red line).3

Diagnosis Manometry LOS baseline pressure 
(normal<45mmHg)

LOS relaxation  
(complete  
relaxation<5mmHg)

Achalasia Absence of peristalsis Elevated Incomplete 

Diffuse oesophageal 
spasm

• > 20% simultane-
ous contractions

• Repetitive  
contractions

• Prolonged  
contractions

• May have high 
amplitude

May be abnormal  
but not diagnostic

Nutcracker  
oesophagus

• Mean amplitude  
> 180mmHg

• Long duration  
(> 6 sec)

May be hypertensive

Aperistalsis (with 
concurrent diagnosis 
of connective tissue 
disorder)

Absence of peristalsis Normal or atonic

Hypertensive LOS  
(incomplete relaxation)

Normal Elevated Incomplete

Pseudoachalasia (with 
concurrent diagnosis 
of underlying cause: 
eg, OGJ tumour  
infiltration)

Complete or near  
complete absence  
of peristalsis

Elevated Incomplete

Severe dysmotility not 
otherwise classified

Did not completely 
meet diagnostic  
criteria of one of 
above major motility 
disorders; incomplete 
features of > 1 major 
motility disorder

Non-specific  
dysmotility

• ≥ 30% non-trans-
mitted (failed) 
contractions 
and/or 
mean amplitude  
< 35mmHg

• May have  
prolonged  
duration (> 6 sec) 
but not meeting 
criteria for  
another diagnosis 
with this feature

Normal or atonic Complete

Hypertensive LOS 
(complete relaxation)

Normal Elevated Complete

OGJ: oesophagogastric junction; LOS: lower oesophageal sphincter.
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Authors have advocated manometry both 
routinely and selectively prior to anti-reflux 
surgery.6–9 However, criteria for selective 
use of manometry are not clearly defined. 
A thorough history is mandatory and may 
increase clinical suspicion of gastro-oesoph-
ageal reflux or a primary motility disorder. 

In patients being assessed for dysphagia, a 
symptom questionnaire along with contrast 
radiography and gastroscopy can help 
predict the diagnosis of achalasia.10 

This study aimed to determine whether 
symptoms can reliably predict a major 
disorder of oesophageal motility as 
assessed by conventional water perfusion 
manometry.

Methods
The need for formal ethics approval was 

waived by the Health and Disability Ethics 
Committee (HDEC), Ministry of Health, New 
Zealand.

De-identified data from all patients who 
underwent conventional water perfusion 
oesophageal manometry and a pre-ma-
nometry questionnaire between October 
1998 and August 2018 were extracted from 
a database. Data included demographic 
data (age, sex), oesophageal manometry 
results and responses to a pre-manometry 
questionnaire. 

Oesophageal manometry was performed 
using a standardised protocol. Patients 
fasted for six hours prior to manometry. 
Acid suppression medications were not 
withheld. A water perfused system with an 
eight-lumen catheter assembly was used 
(Mui Scientific, Mississauga, Canada). The 
proximal side hole is 6cm from the second 
side hole. The next four side holes are 
spaced at 5cm increments. A 6cm sleeve 
sensor and a distal side hole then follow. 
The catheter assembly was connected to a 
pressure transducer/perfusion pump unit 
(Dentsleeve Mark II, Mui Scientific, Missis-
sauga, Canada). This unit was connected 
to a polygraph (PC Polygraph HR, Synectics 
Medical, Enfield, UK), which emits a trace 
for subsequent computer software analysis 
(POLYGRAM for Windows, Version 2.04, 
Synectics Medical, Enfield, UK).

With patients sitting upright, the catheter 
was passed trans-nasally into the stomach, 
and deep inspiration was performed to 

determine the location of the diaphragm. 
In a left lateral position, the high-pressure 
zone of the lower oesophageal sphincter 
(LOS) was identified by performing a station 
pull-through. With the distal side hole in the 
stomach and the sleeve sensor over the LOS, 
the catheter was fixed. 

Patients took ten syringe-administered 
5mL water swallows, 30 seconds apart. This 
was followed by two consecutive dry bread 
swallows, recording symptoms of dysphagia 
or chest pain. 

Oesophageal manometry results were 
reviewed by the senior author (RR) and each 
patient given one of ten diagnoses based 
on the criteria in Table 1.3 The diagnoses 
were categorised into two groups: (1) major 
disorders of motility and (2) minor disorders 
of motility/normal. The diagnostic criteria 
apply to conventional water perfusion 
manometry and pre-date the Chicago clas-
sification. For consistency, these diagnoses 
were unchanged for the study period. The 
conventional water perfusion manometry 
diagnoses have been correlated to the most 
alike high-resolution manometry diagnoses 
in the Chicago classification v3 (Table 2).

A questionnaire with 16 symptoms was 
completed immediately before manometry. 
Patients assigned a result of ‘never’, ‘occa-
sionally’ or ‘frequently’ to each symptom by 
checking a box.

Achalasia was selected as a model of a 
well described major motility disorder of 
the oesophagus that has negative clinical 
outcomes if left untreated. A literature 
review was performed to identify the 
most common symptoms in achalasia as 
dysphagia (92–100%), regurgitation (59–87%) 
and chest pain (42–74%).11–13 

Thus the patient questionnaire responses 
to the three symptoms, dysphagia, regurgi-
tation, and chest pain, were analysed. The 
exact words printed on the questionnaire 
were ‘difficulty in swallowing’, ‘regurgi-
tation’ and ‘chest pain’.

Data also included whether patients were 
dysphagic to a bread challenge (observed 
at time of manometry). These data were 
collected for analysis if available. Ques-
tionnaire responses of ‘occasionally’ or 
‘frequently’ to each of the three symptoms 
resulted in that symptom being considered 
present. A fourth clinical category, ‘any 
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dysphagia’, described patients with either 
dysphagia symptoms (occasional or 
frequent) or dysphagia to a bread challenge. 

The presence of each of the four clinical 
features was compared between the two 
diagnostic categories (major disorders of 
motility and minor disorders of motility/
normal).

Permutations of clinical features using 
‘or’ as a function were analysed (eg, ‘any 
dysphagia’ or ‘chest pain’), generating seven 
possible clinical feature combinations (Table 
3). The presence of clinical feature combi-
nations was compared between the two 
diagnostic categories. 

Comparisons were performed using 
Fisher’s exact test and Pearson’s Chi-Squared 
test. Statistical analysis was performed using 
IBM SPSS Statistics for Windows, version 

25 (IBM Corp, Armonk, NY, USA). A p-value 
<0.05 was considered statistically significant.

Results
Data were available for 555 patients. Eight 

patients had a history of anti-reflux surgery, 
and one patient had incomplete manometry 
results. These patients were excluded, 
leaving 546 patients eligible for analysis. 
An audit of indications for manometry 
for the study period showed that 78% of 
manometry studies were performed as 
routine assessment prior to fundoplication, 
and 22% were undertaken to investigate 
patient symptoms.

Thirty-three (6%) patients had a major 
disorder of motility, and 513 (94%) had 
normal manometry or a minor disorder of 
peristalsis (Tables 1 and 2). 

Table 2: Correlation of manometric diagnostic criteria between conventional water perfusion manome-
try and high-resolution manometry.

Diagnosis—conventional wa-
ter perfusion manometry

Diagnosis  
(Chicago classificaton V 3.0)—
high-resolution manometry

Number of patients

Disorders with OGJ outflow 
obstruction

Achalasia Achalasia 16

Hypertensive LOS  
(incomplete relaxation)

Incompletely expressed  
achalasia

6

Pseudoachalasia Mechanical obstruction 0

Major disorders of peristalsis

Diffuse oesophageal spasm Diffuse oesophageal spasm 0

Nutcracker oesophagus Jackhammer oesophagus 3

Aperistalsis Absent contractility 4

Severe dysmotility not  
otherwise classified

4

33

Minor disorders of  
peristalsis/normal

Non-specific dysmotility Minor disorder of peristalsis 176

Hypertensive LOS  
(complete relaxation)

Normal 36

Normal Normal 301

513



95

ARTICLE

NZMJ 12 March 2021, Vol 134 No 1531
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

There was no statistically significant 
difference between patients with a major 
disorder of motility when compared to those 
with a minor disorder of motility/normal, 
when assessed for age or sex. The median 
age of patients with a major disorder of 
motility was 56 years compared to 50 years 
in patients with a minor disorder of motility/
normal (p=0.384). Thirteen of 33 (39.4%) 
patients with a major disorder of motility 
were male compared to 266 of 513 (51.9%) 
patients with a minor disorder of motility/
normal (p=0.209). 

In all patients having oesophageal 
manometry, on the questionnaire 286 of 546 
(52%) reported dysphagia as either occa-
sional or frequent. 

All 16 patients with achalasia diagnosed 
on manometry reported dysphagia as a 
symptom, and of these, 15 had frequent 
dysphagia (Figure 1). Of 530 patients 
without achalasia, 270 (51%) had symptoms 
of dysphagia. The presence of dysphagia as 
a symptom in patients with achalasia was 

statistically significant when compared to 
dysphagia in patients without achalasia 
(p<0.001). 

Dysphagia was not universal in patients 
with aperistalsis, with three of four patients 
with aperistalsis reporting dysphagia. 

Rates of dysphagia as a symptom and 
‘any dysphagia’ (as a symptom or provoked 
with bread) were higher in patients with 
a major disorder of motility (dysphagia 
in 27/33 (82%) patients, ‘any dysphagia’ 
in 31/33 (94%) patients), in comparison to 
patients with a minor disorder of motility/
normal (dysphagia in 259/513 (50%) patients, 
‘any dysphagia’ in 301/513 (59%) patients). 
This was statistically significant (dysphagia 
p<0.001; ‘any dysphagia’ p<0.001). Dysphagia 
as a symptom was 82% sensitive, and ‘any 
dysphagia’ was 94% sensitive in identifying a 
major disorder of oesophageal motility. Spec-
ificity was 50% for dysphagia as a symptom 
and 41% for ‘any dysphagia’ (Table 3).

Chest pain was reported by 338 of 513 
(66%) patients with a minor disorder of 

Table 3: Major disorders of motility; clinical features in isolation and in combination using ‘or’ function.

  Patients 
(n=33)

Sensi-
tivity

Speci-
ficity

PPV NPV p-value

Clinical features

Dysphagia symptoms 27 81.82% 49.51% 9.44% 97.69% <0.001

Any dysphagia 31 93.94% 41.33% 9.34% 99.07% <0.001

Chest pain  26 78.79% 34.11% 7.14% 96.15% 0.181

Regurgitation 25 75.76% 15.20% 5.43% 90.70% 0.213

Clinical feature combinations

Dysphagia or chest pain 31 93.94% 18.32% 6.89% 97.92% 0.096

Dysphagia or regurgitation 29 87.88% 10.92% 5.97% 93.33% 0.775

Dysphagia or Chest pain or 
regurgitation

32 96.97% 4.87% 6.15% 96.15% 1.000

Any dysphagia or chest pain 33 100% 15.20% 7.05% 100% 0.009

Any dysphagia or regurgitation 31 93.94% 9.16% 6.24% 95.92% 0.758

Any dysphagia or chest pain 
or regurgitation

33 100% 4.09% 6.29% 100% 0.630

Regurgitation or chest pain 31 93.94% 6.63% 6.08% 94.44% 1.000
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motility/normal and 26 of 33 (79%) patients 
with a major disorder of motility (p=0.181). 

Regurgitation was present in 435 of 
513 (85%) patients with a minor disorder 
of motility/normal and 25 of 33 (76%) of 
patients with a major disorder of motility 
(p=0.213).

The presence of any dysphagia or chest 
pain was 100% sensitive in identifying 
patients with a major disorder of motility. 
Specificity was 15% with 435 of 513 patients 
with a minor disorder of motility/normal 
also having dysphagia as a symptom, 
dysphagia to a bread challenge or chest 
pain. This was statistically significant 
(p=0.009) (Table 3). 

Discussion
In our study, dysphagia was the most 

reliable clinical feature in identifying a 
major disorder of oesophageal motility, 
with a sensitivity of 94% (dysphagia as a 
symptom or in response to a bread chal-
lenge). Adding chest pain with an ‘or’ 
function increased sensitivity to 100% but 
with a sacrifice in specificity. 

We have also shown that dysphagia is 
reported by all patients with achalasia. This 
is consistent with international series of 
achalasia patients where rates of dysphagia 
are 92–100%11–13

Dysphagia was also reported by more than 
half of all patients undergoing conventional 

water perfusion oesophageal manometry. 
Chest pain (67%) and regurgitation (84%) 
were common in all patients undergoing 
oesophageal manometry for all indications. 
In isolation, these latter two symptoms were 
poor at discriminating between a major 
disorder of motility and normal motility. 

Our data regarding dysphagia, chest 
pain and regurgitation are in keeping with 
international literature. A population-based 
study from Cologne using a questionnaire 
showed that 65% of those with moderate to 
severe reflux symptoms reported additional 
dysphagia symptoms.14 In a further popu-
lation based study, 53% and 58% of patients 
with non-cardiac chest pain also had 
heartburn and regurgitation respectively.15

If manometry is performed as part of the 
work up for anti-reflux surgery, excluding 
achalasia is important. Rather than fundo-
plication in isolation, achalasia patients are 
better served by cardiomyotomy as well. 
There has also been increasing use of POEM 
(PerOral Endoscopic Myotomy) for achalasia 
as an alternative to laparoscopic myotomy 
and partial fundoplication. The implications 
of other major disorders of motility are less 
clear. 

In a study of 15 patients with high 
amplitude peristaltic contractions 
(≥150mmHg) who underwent Nissen fundo-
plication, 27% developed new dysphagia 
or new chest pain. The authors concluded 
that new chest pain, which occurred in 

Figure 1: Symptom frequency in oesophageal motility disorders.
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three patients (20%), should be discussed 
with patients preoperatively, but that high 
amplitude peristaltic contractions were not a 
contraindication to Nissen fundoplication.16 

A manometry database of patients with 
gastro-oesophageal reflux who underwent 
270-degree posterior fundoplication iden-
tified nine patients with aperistalsis. Five 
(56%) of these patients had dysphagia 
pre-operatively, and two of six (33%) had 
long-term dysphagia.17 

A retrospective study of patients 
undergoing Nissen fundoplication for 
gastro-oesophageal reflux identified 15 
patients with functional oesophagogastric 
junction (OGJ) outflow obstruction diag-
nosed with manometry and 196 control 
patients. At one year after surgery, there 
was no difference in rates of dysphagia or 
proportion of patients requiring dilatation 
for dysphagia (13.3% vs 13.8%).18 

Some surgeons may not consider these 
rates of post-operative chest pain or 
dysphagia acceptable. Thus identification 
of high amplitude peristaltic contractions, 
aperistalsis or functional OGJ outflow 
obstruction may still be deemed necessary 
by some surgeons if anti-reflux surgery is 
being considered. 

Unexpectedly in our series, dysphagia 
was more common in patients with hyper-
tensive LOS with complete relaxation (minor 
disorder of motility) when compared to 
hypertensive LOS with incomplete relax-
ation (major disorder of motility). This latter 
group of patients has preserved peristalsis, 
and in the Chicago classification v3, it may 
be considered as OGJ outflow obstruction/
incompletely expressed achalasia. It is 
important to detect these patients although 
the clinical significance and sequelae of 
non-mechanical OGJ outflow obstruction 
are unclear. In our cohort, six patients had 
hypertensive LOS with incomplete relax-
ation. Two of these had no follow up as their 
referral for manometry was external. One 
patient with no pre-manometry dysphagia 
had a hiatus hernia repair without fundo-
plication. He presented two years later with 
dysphagia and required endoscopic dila-
tation. Of the remaining three patients, one 
reported dysphagia on questionnaire. All 
three were treated with laparoscopic cardio-
myotomy and partial fundoplication. None 

of these three patients had post-operative 
dysphagia and are all clinically improved 
(from chest pain and regurgitation in the 
two who never had dysphagia). Follow-up 
time was three months to eight years. 

In a series of 16 patients with non-me-
chanical OGJ outflow obstruction diagnosed 
by high-resolution manometry, nine 
underwent intervention. Three patients had 
cardiomyotomy, three had pneumatic dila-
tation, two had Botox and one had standard 
dilatation.19 At 12 months, cardiomyotomy 
was effective in relieving symptoms in all 
three patients, and non-surgical intervention 
was ineffective in all six patients who had 
endoscopic treatment. Of all 16 patients, 15 
(94%) had dysphagia prior to intervention. 

A series from the Netherlands describes 
34 patients with idiopathic OGJ outflow 
obstruction diagnosed by manometry. Of 
these patients, eight had typical achalasia 
symptoms (dysphagia was the dominant 
symptom in all).20 These eight patients were 
treated with Botox (five patients) and pneu-
matic dilatation (three patients). Follow-up 
time was 6 to 18 months. Patients treated 
with Botox all had a short-lived effect 
(symptom free for 6 to 10 months), while 
pneumatic dilatation was effective in one 
patient but not in two. Three of the eight 
patients in the treatment group developed 
achalasia between 11 and 18 months, and 
these three patients had intact peristalsis on 
index manometry. 

Idiopathic OGJ outflow obstruction 
includes a spectrum of symptoms and has 
an unpredictable progression to achalasia. 
In our series, although cardiomyotomy was 
effective in symptom relief, only one of four 
patients had dysphagia initially. The patient 
who had a hiatus hernia repair (and no 
pre-operative dysphagia) took two years to 
develop dysphagia; this time period suggests 
a loss of peristalsis and possible progression 
to achalasia, although manometry was not 
repeated. 

In our series, each diagnosis had a 
distinctive pattern of symptom frequency 
except for normal/minor disorders of motility 
(hypertensive LOS with complete relaxation, 
non-specific dysmotility) (Figure 1).

Other approaches to identify patients 
with major disorders of peristalsis have 
been employed. A study of 431 patients 
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aimed to establish whether contrast swallow 
could identify patients with disorders of 
peristalsis that would change the oper-
ative plan of a surgeon.21 These authors 
reported that, if a major motility disorder 
was present, the contrast swallow was 
abnormal in 27 of 28 patients (sensitivity 
of 96.4%). Although their manometric 
criteria for diagnoses were consistent with 
the Chicago classification v3, these authors 
considered achalasia, absent contractility 
and ineffective oesophageal motility to be 
the only disorders that could alter surgical 
decision making. This conflicts with our 
consensus that OGJ outflow obstruction, 
hypercontractile (Jackhammer) oesophagus 
and diffuse oesophageal spasm are also 
potential contraindications to primary anti-
reflux surgery (the Chicago classification 
v3 classifies these as major disorders of 
peristalsis). Thus, in this study by Alicuben 
and colleagues, if OGJ outflow obstruction, 
hypercontractile oesophagus and diffuse 
oesophageal spasm were considered major 
motility disorders, 49 of 60 patients with 
a major disorder of peristalsis had an 
abnormal contrast swallow, giving a sensi-
tivity of 81.7% rather than the reported 
96.4%.21 

Strengths of our study include a stan-
dardised manometry protocol over the 
whole study period, analysis of a large 
number of patients, with 33 having a major 
disorder of motility, and constant diag-
nostic criteria for the whole study period. 

Manometry interpretation was performed 
by the same clinician for the whole study 
period. 

There are limitations of our study. Oesoph-
ageal manometry was conventional water 
perfusion manometry and not high-res-
olution manometry. Despite this, we are 
not aware of any mis-diagnoses in this 
patient cohort. The retrospective nature 
of our study could potentially introduce 
bias, although in all cases the question-
naire was performed prior to manometric 
diagnosis. The study is also limited by the 
inherent weakness of any symptom-based 
questionnaire. It is possible that a different 
type of questionnaire may be of higher 
yield. However, this is not yet established. 
The majority of patients in our study had 
oesophageal manometry performed as 
routine work up prior to consideration of 
anti-reflux surgery. The low number of 
major motility disorders likely reflects the 
referral pattern for the service. 

In our study, dysphagia as a symptom 
or in response to a bread challenge had a 
sensitivity of 94% in identifying a major 
disorder of oesophageal motility. Thus, if 
there is a need to exclude such a condition 
prior to anti-reflux surgery when access 
to oesophageal manometry is limited (eg, 
Christchurch is the only centre on the South 
Island of New Zealand where manometry is 
available), a symptom questionnaire, bread 
challenge and contrast swallow may be 
acceptable. 
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Should prioritising health 
interventions be informed 

by modelling studies?  
The case of cancer control  
in Aotearoa New Zealand
Nick Wilson, Leah Grout, Jennifer Summers, Amanda C Jones,  
Anja Mizdrak, Nhung Nghiem, Cristina Cleghorn, Tony Blakely

ABSTRACT
In this viewpoint, we suggest that policymakers should prioritise health interventions by using evidence 
around health gain, impact on equity, health-system costs and cost-effectiveness. We take the example 
of the new cancer control agency in New Zealand, Te Aho o Te Kahu, and argue that its decision-making 
can now be informed by many methodologically compatible epidemiological and health economic 
analyses. These analyses span primary prevention of cancer (eg, tobacco control, dietary and physical 
activity interventions and HPV vaccination), cancer screening, cancer treatment and palliative care. 
The largest health gain and cost-savings from the available modelling work for New Zealand are seen in 
nutrition and tobacco control interventions in particular. Many of these interventions have potentially 
greater per capita health gain for Māori than non-Māori and are also found to be cost saving for the 
health sector. In summary, appropriate prioritisation of interventions can potentially both maximise 
health benefits as well as making best use of government funding of the health system. 

New Zealand now has the Cancer 
Control Agency Te Aho o Te Kahu 
(the ‘Agency’), which is committed 

to improving cancer control in the country. 
The Agency will need to determine its pri-
orities for cancer control interventions and 
to consider such issues as the potential for 
health gain and the timing of those health 
gains, the potential benefit of reducing 
health inequities and getting the best value 
for money from health-system expenditure. 
We use the development of the Agency to 
argue in this viewpoint for improved use of 
modelling-based evidence to inform deci-
sion-making. There is a lot of evidence from 
health and medical science research about 
which interventions work (eg, randomised 
control trials), but seldom is the impact pro-
jected onto populations in the future. This is 
a glaring omission in much policy-making, 
which can be partially rectified through the 
quantification and comparison of metrics 
for specified interventions. We showcase 

examples of modelling studies of many in-
terventions that could be taken into account 
in the Agency’s deliberations.

To illustrate available work for a New 
Zealand context, we extracted selected 
data from our online interactive league 
table (https://league-table.shinyapps.io/
bode3/). Specifically, we extracted metrics 
for a range of potential interventions, from 
primary prevention of cancer to cancer 
screening, management and treatment 
and palliation. This is detailed in Table 1, 
including where cancer control was not the 
major cause of the estimated health gain, 
but where it contributes to at least some 
of the health gain. For example, tobacco 
control interventions typically generate 
more health gain from preventing chronic 
respiratory disease than cancer prevention, 
but cancer prevention is still an important 
component of the benefit. We present health 
gain and cost results for interventions over 
the remaining lifetime of the population 

https://league-table.shinyapps.io/bode3/
https://league-table.shinyapps.io/bode3/
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modelled (generally the 2011 New Zealand 
population), discounted at 3% to account for 
greater societal value placed on health gains 
closer in time (unless otherwise stated). 
Quality-adjusted life years (QALYs) gained 
and 95% uncertainty intervals are shown in 
Figure 1 below.

Results of 
methodologically 

comparable 
New Zealand 

modelling studies 
of cancer control

Primary prevention via tobacco 
control

As per Table 1, the “sinking lid on tobacco 
supply” intervention is estimated to result in 
health gains of approximately 282,000 QALYs 
or 64 QALYs per 1,000 people, although 
only 31% of the health benefits were due 
to cancer prevention.1 This intervention 
may have a much higher QALY gain per 
capita for Māori than for non-Māori (at 156 
versus 47 QALYs per 1,000 people gained, 
respectively).1 

Tobacco tax increases of 10% annually 
to 2031 have also been estimated to result 
in large health gains (57,500 QALYs, or 13 
QALYs per 1,000 people). All of the other 
tobacco control measures listed in Table 
1 are cost-saving. The tobacco control 
measures listed are also estimated to result 
in higher per capita health gains for Māori 
than for non-Māori.

To be clear, it typically takes some time 
before the health benefit of such primary 
preventive interventions to peak. While 
some health gains occur within a few years, 
for certain interventions (eg, a tobacco tax) 
the actual (large) peak in health gains occurs 
in about 50 years (all other things held 
constant).

Primary prevention via nutrition 
and physical activity

Large health gains could be achieved 
through the adoption of climate-friendly, 
plant-based eating patterns. For example, 
the adoption of a waste-free vegan diet was 
estimated to result in 1.46 million QALYs 
gained (331 QALYs per 1,000 people).2 Specif-

ically, the modelling included the prevention 
of 13 different diet-related cancers. This 
intervention was also estimated to be 
cost-saving and may have much higher 
per capita health gains for Māori than for 
non-Māori (508 versus 298 QALYs per 1,000 
people, respectively).2 Although the adoption 
of a waste-free vegan diet may only be 
considered feasible for a minority of the 
population, even just shifting diets to meet 
New Zealand dietary guidelines was esti-
mated to result in 1.02 million QALYs gained 
(232 QALYs per 1,000 people).2

A number of other dietary interven-
tions may also result in substantial health 
gains and health system cost savings. For 
example, a fruit and vegetable subsidy in 
combination with a sugar tax was estimated 
to result in 894,000 QALYs gained (751 per 
1,000 [undiscounted]).3 Other food taxes and 
subsidies (eg, just a sugar tax, just a fruit and 
vegetable subsidy) have also been assessed 
(Table 1) and, as was the case for the 
adoption of climate-friendly eating patterns, 
the modelling included the prevention of 13 
different diet-related cancers.3 

Most of the interventions related  
to nutrition and physical activity in  
Table 1 were estimated to be cost-saving, 
with the exception of weight-loss dietary 
counselling by nurses in primary care, mass 
media promotion of smartphone apps for 
weight-loss and mass media promotion 
of apps for physical activity. Most of the 
interventions presented in Table 1 may 
also result in higher per capita health gains 
for Māori than for non-Māori, with the 
exception of the mass media promotion of 
apps for weight-loss.4

Primary prevention: other domains
Of the other primary prevention measures 

presented in Table 1, an alcohol tax resulted 
in the highest health gains.5 This inter-
vention was only modelled for transport 
injury prevention, but it would be expected 
to help prevent a range of alcohol-related 
cancers. It also had relatively low costs, 
although if a broader societal perspective 
was taken there would be NZ$240 million 
savings due to the reduction of social harms. 
HPV vaccination programmes could also 
provide health gains,6,7 with a mandatory 
school-based girls’ programme estimated to 
be more cost-effective than a programme for 
both sexes.6
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Screening for cancer
Colorectal cancer screening has been 

estimated to result in health gains of approx-
imately 101,800 QALYs and was considered 
cost-effective.8 Helicobacter pylori (H pylori) 
faecal antigen and serology screening at 
the national level have been estimated to 
result in health gains of 15,300 and 14,200 
QALYs from stomach cancer prevention, 
respectively.9 Although H pylori screening 
programmes were estimated to achieve much 
less health gain than many other prevention 
programmes, the health benefits typically 
occur sooner and were cost-effective for 
Māori and Pacific people. Both H pylori 
faecal antigen and serology screening would 
potentially result in much higher per capita 
health gains for Māori than for non-Māori. 
However, serology screening was estimated 
to be more cost-effective, with a lower incre-
mental cost-effectiveness ratio (ICER) than 
faecal antigen screening. 

Low-dose CT screening for lung cancer 
was found to possibly be cost-effectiveness 
for Māori in our analysis (using a threshold 
of $45,000 per QALY gained, a rule of thumb 
of GDP per capita per QALY gained).10 An 
updated analysis using the same model11 
reported screening to be more cost-ef-
fective and also cost-effective for non-Māori. 
This model included NELSON randomised 
controlled trial (RCT) findings,12 assumed 
an equal Māori and non-Māori partic-
ipation in screening and assumed that 
low-dose CT screening achieves the same 
stage distribution as in RCTs (rather than 
a proportionate shift in stage distribution 
from New Zealand’s relatively poor current 
stage distribution). It is moot whether a 
low-dose CT screening programme in New 
Zealand can achieve equal coverage and the 
same stage distribution as in RCTs; the most 
sensible way forward may be a pilot study in 
New Zealand to test these assumptions.

Management and treatment of 
cancer

With regards to the interventions assessed 
for managing cancer treatment presented 
in Table 1, cancer care coordinators for 
colorectal cancer patients would likely result 
in the largest health gains (84 QALYs) and 
was the most cost-effective intervention. 
However, it is critical to note that these 
evaluations differ from those detailed above 

in that they are ‘just’ for people diagnosed 
with cancer in one year, and the health 
gains typically occur within several years 
rather than decades. If the intervention had 
been modelled every year for the next 20 
years, and if there had been no changes in 
other interventions (albeit this is unlikely) 
and no change in population size, then the 
health gains would be roughly 15 times 
greater (less than 20 due to discounting at 
3%). In addition, the intervention is likely 
to have higher per capita health gains for 
Māori than for non-Māori. The health equity 
evidence for the other interventions for 
managing cancer treatment was less clear.

Palliation
An economic evaluation of single-fraction 

(SFX) versus multiple-fraction (MFX) 
palliative radiotherapy for painful bone 
metastases in breast, lung and prostate 
cancer found that, although QALY gains 
were similar for SFX and MFX, the per 
patient costs were less for SFX.13 

Discussion
A particular strength of this ‘league table’ 

with these modelled cancer-related inter-
ventions is that all the modelling used 
similar epidemiological/costing data and 
generally the same modelling structure 
and methods (a proportional multistate 
lifetable, as stated in Table 1), albeit with 
some fairly minor differences for displaying 
some results (eg, costing in NZ$ 2011 vs 
2016 currency rates). Another strength is 
that there are interventions that span the 
full range of cancer domains from primary 
prevention to screening, treatment and 
palliation. 

Furthermore, modelling is typically far 
more feasible and lower cost than running 
RCTs in New Zealand (each with an asso-
ciated health economic analysis) for each 
plausible intervention. Indeed, RCTs are not 
readily feasible for studying certain policy 
interventions (eg, tobacco tax increases or 
changes to food industry practices).

In terms of the size of health benefits, 
primary prevention interventions tend to 
have much larger health gains (in QALYs) 
relative to screening, management and 
treatment and palliative interventions. 
However, prevention’s gains are usually 
many years later, and the population 
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Table 1: Impact of various cancer control interventions according to methodologically compatible BODE3 epidemiological and health economic 
modelling (all over the remaining life course of the modelled population, at 3% discount rate, NZ$ 2016; the published works in journals and 
league table provide uncertainty intervals; ordering of tabulated interventions is in terms of declining health gain within each subsection). 

Intervention  
(and references 
to full articles)

Health gain  
(QALYs)

Health  
system 
costs  
(NZ$ 2016 
unless 
stated  
otherwise) 

Heath sys-
tem costs 
per QALY 
gained (the 
incremen-
tal cost-ef-
fectiveness 
ratio: ICER)

Equity  
relevance  
(ratio of 
per capita 
health gain 
for Māori 
vs non-
Māori)

Comments

Primary prevention—via tobacco control

Sinking lid on 
tobacco supply1

282,000 -5.7 billion 
(saved)

Cost-saving 3.23 
(156 vs 47 
QALYs per 
1,000  
population)

The model includes 16 tobacco-related diseases including 
12 different cancers, cardiovascular diseases and respiratory 
conditions. Cancer prevention was around 31% of the health 
benefit (see Table S6 in the S2 Supplementary Text of Blakely 
et al. 201514). A proportional multistate lifetable (PMSLT) mod-
elling method was used. Of note is that BODE3 has modelled 
many other tobacco control interventions and only a few key 
examples are presented in this Table. 

Tobacco tax 
increases  
(10% annually  
to 2031)15 

57,500 -1.21 billion 
(saved)

Cost-saving 4.9
(191 vs 39 
QALYs per 
1000 popu-
lation)

As per above, the model includes 16 tobacco-related diseases 
and 12 cancers, with cancer prevention being around 31% of 
the health benefit. This is a well-established intervention in 
New Zealand—and such tax increases have run nearly every 
year for the past decade. PMSLT modelling method was used.

Promoting 
smartphone 
apps for smoking 
cessation16

6,760 -120.0 mil-
lion (saved)

Cost-saving 2.51 
(3.14 vs 
1.256 QALYs 
per 1000 
population) 

As per above, the model includes 16 tobacco-related diseases 
including 12 cancers. PMSLT modelling method was used.

Promotion of 
the Quitline for 
smoking cessa-
tion17

4,200 -87.9 mil-
lion (saved)

Cost-saving 2.99
(2.18 vs 
0.729 QALYs 
per 1000 
population) 

As per above, the model includes 16 tobacco-related diseases 
including 12 cancers. This is a well-established intervention 
that is already in place in New Zealand. PMSLT modelling 
method was used.

Primary prevention—via nutrition and physical activity

Adoption of 
climate-friendly 
eating patterns2

1.46 million -20.2 billion 
(NZ$2011, 
saved)

Cost-saving 1.70 These figures represent one selected diet scenario, specifi-
cally waste-free vegan (‘DG10’). The model included a range 
of dietary risk factors (including high intake of red meat, 
processed meat, sugar-sweetened beverages and sodium as 
well as low intake of fruit, vegetables and polyunsaturated 
fat) and 17 diseases associated with one or more dietary risks, 
including 13 cancers (endometrial, kidney, liver, oesophageal, 
pancreatic, thyroid, colorectal, breast, ovarian, gallbladder, 
head and neck, lung and stomach). PMSLT modelling method 
was used.
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Fruit and veg-
etable subsidy 
and sugar tax 
combined3

894,000* -11.0 billion
(US$2018, 
saved)

Cost-saving 1.55 (0% 
discount 
rate)

This work involved a number of different food taxes and sub-
sidies (eg, just a sugar tax, just a fruit and vegetable subsidy 
- see below). The modelling included the prevention of 13 
different diet-related cancers (see above). PMSLT modelling 
method was used.

Sugar tax3 697,000* -9.53 billion
(US$2018, 
saved)

Cost-saving 1.75 (0% 
discount 
rate)

The modelling included the prevention of 13 different di-
et-related cancers (see above). PMSLT modelling method was 
used.

Dietary salt 
reduction18 (salt 
substitution)

294,000 -1.57 billion 
(saved)

Cost-saving 1.33 
(163 vs 123 
QALYs per 
1000 popu-
lation)

This intervention modelling focused only on cardiovascular 
disease prevention. However, it would be expected to reduce 
stomach cancer (which dietary salt is a risk factor for), though 
this would be only a small part of the benefit relative to 
preventing heart disease. This is just one example of a dietary 
salt reduction intervention—many others have been mod-
elled by BODE3 (see the BODE3 website: https://www.otago.
ac.nz/wellington/departments/publichealth/research/bode3/
publications/index.html). PMSLT modelling method was used.

Fruit and vege-
table subsidy of 
20%3 

258,000* -2.21 billion
(US$2018, 
saved)

Cost-saving  0.98 (0% 
discount 
rate)

The modelling included the prevention of 13 different diet-re-
lated cancers (see Climate friendly eating patterns above). 
PMSLT modelling method was used.

Reformulation to 
reduce sugar in 
processed foods 
by 20%19

235,000 -4.53 billion
(saved)

Cost-saving 2.24 The modelling included the prevention of 10 different obesi-
ty-related cancers (endometrial, kidney, liver, oesophageal, 
pancreatic, thyroid, colorectal, breast, ovarian and gallblad-
der). PMSLT modelling method was used.

Junk food tax at 
8% (as used in 
Mexico)3 

156,000* -2.17 billion
(US$2018, 
saved)

Cost-saving 1.15 (0% 
discount 
rate)

The modelling included the prevention of 13 different diet-re-
lated cancers (see Climate friendly eating patterns above). 
PMSLT modelling method was used.

Increasing 
active transport 
(switching car 
trips under 5km 
to walking and 
cycling)20

112,000 -2.08 billion 
(NZ$2011, 
saved)

Cost-saving 0.06 – 6.83
(median = 
1.82; range 
of values 
depending 
on age 
group and 
sex)

Figures presented are for 100% uptake of the intervention. 
The modelling specifically included lung cancer, colorectal 
cancer, and breast cancer, although most of the health gains 
were from other non-cancer conditions. PMSLT modelling 
method was used.

Reformulation to 
reduce sugar by 
20% in non-alco-
holic beverages19

103,000 -1.98 billion 
(saved)

Cost-saving 2.52 The modelling included the prevention of 10 different obesi-
ty-related cancers (as per Reformation to reduce sugar above). 
PMSLT modelling method was used.

Table 1: Impact of various cancer control interventions according to methodologically compatible BODE3 epidemiological and health economic 
modelling (all over the remaining life course of the modelled population, at 3% discount rate, NZ$ 2016; the published works in journals and 
league table provide uncertainty intervals; ordering of tabulated interventions is in terms of declining health gain within each subsection) 
(continued).
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A cap on the size 
of single servings 
for sugar-sweet-
ened beverages21 

81,300 -1.69 billion 
(saved)

Cost-saving 3.14 
(44 vs 14 
QALYs per 
1000 popu-
lation)

This intervention included the prevention of 10 different 
obesity-related cancers (as per Reformation to reduce sugar 
above). A form of this intervention is in place in France. PMSLT 
modelling method was used.

Weight-loss 
dietary counsel-
ling by nurses in 
primary care22

250 38.3 million
(NZ$2011)

138,000
(NZ$ 2011)

1.4 This intervention included the prevention of 10 different 
obesity-related cancers (as per Reformation to reduce sugar 
above). An updated report on this intervention using more 
recent data is forthcoming from the BODE3 Team. However, 
the ICER estimated here would not typically be considered 
cost-effective. PMSLT modelling method was used.

Mass media pro-
motion of apps 
for weight loss4

44 2.09 million 47,800 1.00
(0.01 vs 
0.01 QALYs 
per 1000 
population)

This intervention included the prevention of 10 different 
obesity-related cancers (as per Reformation to reduce sugar 
above). An updated report on this intervention using more 
recent data is forthcoming from the BODE3 Team. PMSLT mod-
elling method was used.

Mass media 
promotion of 
smartphone 
apps for physical 
activity23

28 2.2 million
(NZ$2011)

81,000
(NZ$2011)

1.48 – 2.0 
(median = 
1.76; range 
of values 
depending 
on age 
group and 
sex) 

This invention included the prevention of two cancers related 
to physical inactivity: colorectal cancer and breast cancer. 
The ICER estimated here would not typically be considered 
cost-effective. PMSLT modelling method was used.

Primary prevention—other domains

Increasing alco-
hol tax5

640 200,000 5,900 
(for base 
case sce-
nario)

1.8 This intervention was only modelled for transport injury 
prevention, but it would be expected to help prevent a range 
of alcohol-related cancers ($3.6 million [m] saved in trans-
port injury costs, but $3.8m increase in cost of treating other 
diseases in added years of life, doesn’t include $240m savings 
due to reduction of other social harms). PMSLT modelling 
method was used.

HPV vaccination 
– girls & boys6

413 53.0 million 
(NZ$2011)

57,000 No results 
available by 
ethnicity 

The intervention was a school-based programme for both 
sexes aged 12 in 2011, with 73% coverage across ethnicities. 
This vaccination is now in place in New Zealand, but still with 
suboptimal uptake by both boys and girls. It is likely that the 
current ICER is more favourable than the one here due to 
PHARMAC probably getting a relatively lower vaccine price 
than used in this modelling. The model included 4 different 
cancers: cervical, anal, oropharyngeal, and vulvar. A Markov 
macro-simulation model was used.

Table 1: Impact of various cancer control interventions according to methodologically compatible BODE3 epidemiological and health economic 
modelling (all over the remaining life course of the modelled population, at 3% discount rate, NZ$ 2016; the published works in journals and 
league table provide uncertainty intervals; ordering of tabulated interventions is in terms of declining health gain within each subsection) 
(continued).



107

VIEWPOINT

NZMJ 12 March 2021, Vol 134 No 1531
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

HPV vaccination 
– girls7

382 31.1 million 32,400 No results 
available by 
ethnicity 

The intervention was a hypothetical mandatory school-based 
girls’ aged 12 in 2011 programme, with an opt-out provision 
and 93% vaccination coverage across all ethnicities. New 
Zealand has low coverage, with uptake of 47% in school-aged 
girls for three doses at the time of this study. The model in-
cluded 4 different cancers: cervical, anal, oropharyngeal and 
vulvar. A Markov macro-simulation model was used.

Screening for cancer 

Colorectal cancer 
screening8

102,000 293 million 2,930 The equity 
analysis in 
this study 
is now 
outdated 
due to 
increasing 
incidence in 
Māori. 

Since the data for this study were collected, the incidence 
of colorectal cancer in Māori has increased. Updating of this 
modelling work is currently underway by other New Zealand 
research teams. A Markov model was used.

Helicobacter 
Pylori faecal an-
tigen screening 
(national level)9

15,300 385 million 30,300 2.84 
(14.2 vs 5.0 
QALYs per 
1000 popu-
lation)

This intervention had slightly higher health gain than serol-
ogy testing (see the next row below). A Markov model was 
used.

Helicobacter 
Pylori serology 
screening (na-
tional level)9

14,200 600 million 25,700 2.91 
(13.7 vs 4.7 
QALYs per 
1000 popu-
lation)

Costs include $306 million in health system costs and $294 
million in intervention costs. A Markov model was used. An 
additional analysis of a specific programme just for Māori was 
estimated to be even more cost-effective.

Lung cancer 
screening10

1,950 285 million 154,000 (for 
base case 
scenario)

2.73 
(1.301 vs 
0.476 QALYs 
per 1000 
population)

A Markov macro-simulation stage shift model was used. Of 
note is a newly published analysis by another New Zealand 
team using the same basic model but with different screening 
parameters and various model refinements11 (see section 
Screening for cancer in the main text). 

Management and treatment of cancer 

Cancer care 
co-ordinators 
(colorectal can-
cer)24

84
(0.121 per 
capita)

1.7 million 
(2,400 per 
capita)

19,700 1.45
(0.171 vs 
0.118 QALYs 
per capita)

Cancer care coordinators are already in use in parts of New 
Zealand—but there may be scope for expanding this role. A 
discrete event simulation model was used.

Docetaxel versus 
paclitaxel in 
treatment of 
breast cancer25

10.13*
(per pa-
tient)

225,000 
(NZ$2011, 
per patient)

27,100
(NZ$2011, 
per patient)

Cost-effec-
tiveness 
did not vary 
significantly 
by ethnicity

These are the figures for weekly paclitaxel versus docetaxel. A 
Markov macro-simulation model was used.

Table 1: Impact of various cancer control interventions according to methodologically compatible BODE3 epidemiological and health economic 
modelling (all over the remaining life course of the modelled population, at 3% discount rate, NZ$ 2016; the published works in journals and 
league table provide uncertainty intervals; ordering of tabulated interventions is in terms of declining health gain within each subsection) 
(continued).
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Herceptin – tar-
geted for breast 
cancer26 

1.55 
(per pa-
tient)

71,600 (per 
patient)

46,200 
(per pa-
tient)

No results 
available by 
ethnicity

These figures represent the results for one selected age-
group, specifically the pooled results for the 25 to 44y age 
group (the group in which the per patient health gain is high-
est). A Markov macro-simulation model was used.

Cancer care 
co-ordinators 
(to improve use 
of tamoxifen for 
breast cancer)27

0.059 (per 
patient)

1,370 (per 
patient)

29,000 
(per pa-
tient)

Inadequate 
evidence 
to suggest 
treatment 
effect het-
erogeneity

These figures represent the mean results for one selected 
breast cancer subtype, specifically Regional ER+/PR-/HER2+ 
(worst prognosis). A Markov macro-simulation model was 
used.

Palliation

Single-fraction 
radiotherapy 
for palliation for 
prostate cancer13

0.0016 
(per 
patient, as 
compared 
to MFX)

-1,370
(saved per 
patient, as 
compared 
to MFX)

Cost-saving No results 
available by 
ethnicity.

While QALY gains were similar for single-fraction external 
beam radiotherapy (SFX) and multiple-fraction external beam 
radiotherapy (MFX), per patient costs were less for SFX. A 
Markov micro-simulation model was used.

Single-fraction 
radiotherapy 
for palliation for 
breast cancer13

0.0010 
(per 
patient, as 
compared 
to MFX)

-1400 
(saved per 
patient, as 
compared 
to MFX)

Cost-saving No results 
available by 
ethnicity.

While QALY gains were similar for single-fraction external 
beam radiotherapy (SFX) and multiple-fraction external beam 
radiotherapy (MFX), per patient costs were less for SFX. A 
Markov micro-simulation model was used.

Single-fraction 
radiotherapy for 
palliation for lung 
cancer13

0.0001 
(per 
patient, as 
compared 
to MFX)

-1,530
(saved per 
patient, as 
compared 
to MFX)

Cost-saving No results 
available by 
ethnicity.

While QALY gains were similar for single-fraction external 
beam radiotherapy (SFX) and multiple-fraction external beam 
radiotherapy (MFX), per patient costs were less for SFX. A 
Markov micro-simulation model was used.

* Health gain presented in the published paper as HALYs. HALYs are health-adjusted life-years and can be considered equivalent to QALYs in this case.

Table 1: Impact of various cancer control interventions according to methodologically compatible BODE3 epidemiological and health economic 
modelling (all over the remaining life course of the modelled population, at 3% discount rate, NZ$ 2016; the published works in journals and 
league table provide uncertainty intervals; ordering of tabulated interventions is in terms of declining health gain within each subsection) 
(continued).
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Figure 1: Health gains (QALYs) for selected cancer control interventions with 3% discounting (bars show 95% uncertainty intervals).

coverage of an intervention (eg, popula-
tion-wide or at-risk groups), intervention 
duration and discount rate can contribute 
significantly to the size of the health 
benefits. Primary prevention interventions 
are also more likely to be cost-saving for 
the health system, and so can potentially 
‘liberate’ government funds for other uses. 
In particular, there is a strong case for the 
prioritisation of enhancing tobacco control 
interventions (which are also compatible 
with the Smokefree 2025 Goal held by a 
succession of New Zealand governments). 
Furthermore, all of the tobacco control inter-
ventions included in Table 1 are estimated 
to result in greater per capita gain for Māori 
than non-Māori.

There is also a potentially strong case for 
investment in diet-related interventions. 
Improving nutrition is estimated to typi-
cally produce large health gains and to save 

costs (see Table 1). In addition, almost all 
of the dietary interventions included had 
higher per capita health gains for Māori 
than non-Māori. Nutrition interventions 
may also have many co-benefits that are 
not accounted for in the modelling work 
(eg, reduced damage to the environment 
from greenhouse gases and water pollution 
from more plant-based diets). Some of these 
nutrition interventions can have widespread 
public support depending on how they are 
framed. For example, a sugary drinks tax 
can potentially be highly favoured if the tax 
revenue is used to fund child health28 (eg, 
healthy school lunches).

However, there may be substantial 
political feasibility constraints with some 
tobacco, nutrition and alcohol control 
interventions. In comparison, for some 
other cancer prevention interventions there 
would probably be higher public support 
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(eg, raising the levels of HPV vaccination at 
school up to the higher levels observed for 
Australia and the UK). Improved targeting 
of cancer treatment by cancer subtype (eg, 
as per our study on Herceptin for breast 
cancer)26 is also likely to be fairly non-con-
troversial as it is an appropriate use of 
‘personalised medicine’ and makes best use 
of available resources.29,30

Possible next steps
Given this wealth of methodologically 

compatible data, we argue that agencies 
such as Te Aho o Te Kahu should give 
consideration to routinely using it in their 
decision-making processes. They will also 
need to bring other factors into the priori-
tisation process, as does PHARMAC, which 
has a prioritisation framework31 and which 
makes use of epidemiological and health 
economic modelling. In addition to consid-
ering health gain, health inequities, cost 
and cost-effectiveness, other key factors in 
prioritisation that health agencies need to 
consider include:

• Political commitment and, in 
particular, how health interventions 
rank compared to the major policy 
items competing for legislative time 
in Parliament. Political engagement 
can also be impacted by the ‘rescue 
prerogative’, whereby the benefits of 
identifiably sick individuals (eg, for 
access to new cancer medicines) are 
sometimes given political priority 
over saving statistical lives. Concern 
for this prerogative can be seen as a 
democratic government responding to 
the demands of its citizens, but it can 
also be seen as a driver of cost-inef-
fective use of government funds and a 
driver of inequities.

• Intervention feasibility (eg, espe-
cially where there is opposition from 
vested commercial interests as per the 
tobacco industry). 

• Upfront costs, which are especially 
relevant in the constrained COVID-19-
related fiscal environment. However, 
policymakers should ideally take a 
long-term view so that the benefits, 
which may peak decades in the 
future (eg, from tobacco control and 
improved nutrition), are accounted 
for.

• Co-benefits that are outside of a 
health-system perspective. These 
include impact of interventions on 
preventing income loss, preventing 
other societal harms (eg, the impact 
of alcohol on crime) and preventing 
greenhouse gases (eg, via dietary and 
transport-related interventions).

• Effect sizes from RCTs that are used 
(wherever possible) are obviously 
important for the robustness of model 
outputs. Where evaluations are 
based on effect sizes not generated 
from RCTs, it is important to note 
that modelling is typically far more 
feasible and lower cost than running 
RCTs in New Zealand; if the evaluation 
clearly shows the intervention is not 
cost-effective or highly cost-effective 
for plausible assumptions about key 
effect sizes, then no RCT is needed. 
However, if the result is equivocal, the 
imperative for RCTs (if possible and 
feasible to conduct) for critical input 
parameters increases. 

Agencies should consider commissioning 
additional analyses and looking at meth-
odologically compatible modelling results 
for Australian-based interventions (ie, also 
in our online league table that includes 
compatible New Zealand and Australian 
studies: https://league-table.shinyapps.io/
bode3/). 

Limitations of using models to 
inform decision-making

Although we favour the use of quanti-
fication and modelling studies to inform 
decision-making, we note important issues 
around uncertainty. Specifically, there is 
uncertainty around all modelling results, 
and we have attempted to quantify this  
in the 95% uncertainty intervals for all  
the key results, including the QALYs (see  
Figure 1), as well as the costs and ICERs 
(see the published papers referenced in 
Table 1). These papers also typically have 
sensitivity and scenario analyses that allow 
the reader to consider how the results 
may vary with different assumptions and 
parameter values. Nevertheless, there 
are additional areas of uncertainty that 
are harder to quantify, including model 
structure uncertainty (eg, in the ideal 
world different research teams would 

https://league-table.shinyapps.io/bode3/
https://league-table.shinyapps.io/bode3/
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independently build models of the same 
interventions). There are also assumptions 
around business-as-usual trends, and such 
assumptions can be made less valid by 
sudden health and economic shocks (eg, as 
per the COVID-19 pandemic). And finally, 
for some hypothetical interventions (eg, 
a sinking lid on tobacco supply that has 

never been fully realised in any jurisdiction 
in the world) there are multiple unknowns 
that may go beyond the uncertainty esti-
mates we have made. Despite these issues, 
epidemiological and health economic 
modelling provides quantitative insights 
that should be the starting point to inform 
decision-making in our view.
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An unusual case of 
spontaneous obstructive 
thrombus complicating 

rheumatic mitral stenosis
Shaun Collings, Andrew Borrie, Matthew Webber, Sean D Galvin

ABSTRACT
We describe a rare case of native mitral valve thrombosis in a patient with rheumatic mitral valve 
disease without predisposing thrombophilia. 

The patient presented in heart failure with a new diagnosis of mitral stenosis. After a period of 
intravenous diuresis there was a sudden cardiovascular collapse. Trans-oesophageal echocardiogram 
identified an atrial mass obstructing the mitral valve. The patient proceeded to emergent mitral 
valve replacement. A coagulopathy was identified in the form of thrombus-induced disseminated 
intravascular coagulation (DIC).

Mitral valve thrombosis is a rare cause of morbidity and mortality in rheumatic heart disease and is not 
readily identifiable on transthoracic echocardiography. 

Mrs X is a 58-year-old New Zealand 
Māori woman on hormone replace-
ment therapy (in the form of estradi-

ol 2mg and norethisterone acetate 1mg daily) 
who presented with acute-on-chronic dys-
pnoea and paroxysmal nocturnal dyspnoea. 
She was found to be in rapid atrial fibrillation 
with evidence of pulmonary oedema and was 
initiated on intravenous frusemide.

Trans-thoracic echocardiography demon-
strated normal left ventricular size and 
function with a thickened, rheumatic 
appearing mitral valve, with restricted 
mobility and mild sub-valvular thickening 
(Figure 1 and Appendix Video 1). There was 
severe mitral stenosis with a thickened, 
myxomatous appearance (mitral valve area 
0.6cm2, mean pressure gradient 17mmHg) 
and moderate mitral regurgitation (Appendix 
Video 2) with associated severe left atrial 
dilation. There was evidence of severe 
pulmonary hypertension (estimated right 
ventricular systolic pressure 65mmHg + 
mean right atrial pressure 8mmHg) and right 
ventricular dilation with impaired function. 

While awaiting further investigation, Mrs 
X developed profound hypotension and 

required cardiopulmonary resuscitation. 
A repeat transthoracic echocardiogram 
revealed a hyperdynamic, underfilled left 
ventricle, hypokinetic right ventricle and 
severely dilated left atrium. Trans-oesoph-
ageal echocardiogram demonstrated a 
mobile pedunculated mass prolapsing across 
the mitral valve (Figure 2 and Appendix 
Video 3 and 4).

Despite escalation of pharmacologic 
circulatory support Mrs X failed to improve. 
She was taken to theatre in a critical 
condition for a mitral valve replacement 
and exploratory cardiac surgery. Intraoper-
ative findings included an atretic posterior 
mitral valve leaflet and organised thrombus 
covering the anterior mitral valve leaflet, 
with fresh thrombus extending into the  
left atrial appendage. The leaflets had 
become fused, resulting in critical mitral 
stenosis (Figure 3). The valve was replaced 
with a 33 millimetre Medtronic bi-leaflet 
mechanical valve. Histology of the native 
valve demonstrated severe fibrosis and 
degeneration with associated adherent 
thrombus and no evidence of microbial 
invasion. 
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Figure 1: Transthoracic echocardiogram apical four-chamber view showing mitral valve thickening; LA: 
left atrium, LV: left ventricle, RA: right atrium, RV: right ventricle.

Figure 2: Transoesophageal echocardiogram, mid oesophageal view in modified long-axis view showing 
obstructing mitral valve mass.
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Post-operative coagulation studies 
revealed a severe consumptive coagu-
lopathy, consistent with disseminated 
intravascular coagulopathy (DIC), requiring 
cryoprecipitate and platelet support. 
Workup of possible malignant or auto-
immune causes was performed, including 
computed tomography of the head, chest, 
abdomen and pelvis, anti-nuclear antibody 
and anticardiolipin titres, with reassuring 
results. 

She was discharged from hospital after 29 
days with residual hypoperfusion injuries 
to a number of toes and persisting renal 
impairment (creatinine 140micromol/L), but 
with complete neurological and haemato-
logical recovery. 

Case discussion
Spontaneous native valve thrombosis has 

been described in the context of rheumatic 
heart disease, infective endocarditis and 
systemic inflammatory conditions.1–3 Severe 
mitral stenosis and secondary left atrial 
enlargement generate the haemodynamic 
stasis and proarrhythmic milieu perfectly 
suited to thrombus formation.4,5 

Previous studies suggest that thrombus is 
present in 33% of patients with rheumatic 

mitral stenosis with atrial fibrillation.6 
However, thrombus is usually located in 
the left atrial appendage or on the left atrial 
wall, and it rarely extends down to the 
mitral valve.6–11 Initially there was uncer-
tainty as to the aetiology and significance 
of the coagulopathy. However, similar 
cases of DIC related to atrial thrombosis 
have been reported. Given the resolution 
of haematological abnormalities following 
valve replacement, structural valve disease 
appears to be the most likely explanation.12,13 

Although transthoracic echocardiography 
is the gold standard for bedside assessment 
of valve dysfunction, it is less agile at 
discerning the mechanism of dysfunction.6,11 
Valvular thrombus had not been appreciated 
on two separate transthoracic studies. This 
highlights the importance of transoesoph-
ageal echocardiography for thorough 
assessment of mitral valve pathology.

Summary
Mitral valve thrombosis has the potential 

to cause catastrophic haemodynamic 
collapse. It is a recognised, yet rare, compli-
cation of rheumatic heart disease, the most 
common cause of mitral stenosis in New 
Zealand. 

Figure 3: Photography of fresh mitral valve specimen demonstrating fresh and organised thrombus. 
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Appendix
Appendix Video 1: Transthoracic echocardiogram apical four-chamber view showing mitral  
valve thickening; LA: left atrium, LV: left ventricle, RA: right atrium, RV: right ventricle:  
https://youtu.be/D59XYC_5yCE

Appendix Video 2: Transthoracic echocardiogram apical four-chamber view with colour Doppler  
showing moderate mitral regurgitation; LA: left atrium, LV: left ventricle, MV: mitral valve:  
https://youtu.be/pSuB2r4C6lk

Appendix Video 3: Transoesophageal echocardiogram, mid-oesophageal view in modified long axis 
demonstrating mitral valve mass prolapsing into LA; AV: aortic valve, LA: left atrium, LV: left ventricle, 
MV: mitral valve: https://youtu.be/NsirT7QYx2Y

Appendix Video 4: Transoesophageal echocardiogram, mid-oesophageal view in modified long axis 
demonstrating obstructing mitral valve mass; LA: left atrium, LV: left ventricle, MV: mitral valve:  
https://youtu.be/TgIQi7j0Cj0

https://youtu.be/D59XYC_5yCE
https://youtu.be/pSuB2r4C6lk 
https://youtu.be/NsirT7QYx2Y
https://youtu.be/TgIQi7j0Cj0
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Time to revisit  
school decile groupings  

in health research?
Jude Ball, James Stanley, Jane Zhang, Niveditha Gurram,  

Andrew Waa, Richard Edwards

In research on youth tobacco use, the con-
vention has been to group school deciles 
into the categories low-, medium- and 

high-decile. But we argue that this conven-
tion is no longer always appropriate. Health 
researchers should take a more considered 
approach to grouping school deciles, and, 
where sample size allows, quintiles should 
be used as standard practice in research on 
smoking. 

School decile is an ecological (school-level) 
measure of the socio-economic position of a 
school’s student community. It is determined 
by the Ministry of Education for funding 
purposes.  Decile determinations are based 
on Census data on five indicators aggre-
gated at the small area (meshblock) level: 
household income, household crowding, 
parental educational qualifications, 
proportion of parents on income support 
benefits and occupational skill level of 
employed parents. Decile 1 schools are the 
10% of schools with the highest proportion 
of students from low socio-economic mesh-
blocks, and Decile 10 schools are the 10% 
with the lowest proportion of such students.1

It is important to note that school decile is 
an imperfect ecological measure of socio-eco-
nomic status (SES) for use in health research 
since it is not a measure of the overall mix 
or ‘average’ level of deprivation in a school. 
Rather, school decile is a measure of the 
proportion of students from low socio-eco-
nomic neighbourhoods. Furthermore, when 
used as a proxy for individual SES, school 
decile (an ecological measure whereby all 
students within a school are assigned the 
same value) has inherent limitations, since 
schools typically include students from a 
wide range of backgrounds. Although school 
decile is a useful indicator for ecological 
analyses that explore school-level outcomes 

(such as smoking prevalence), it has limita-
tions particularly when used as proxy for 
individual deprivation or SES. However, 
despite its limitations, school decile has often 
been deemed more practical or reliable for 
school-based surveys than alternatives such 
as student self-report indicators of household 
income. For example, the New Zealand Youth 
Tobacco Monitor (comprising the annual ASH 
Year 10 Snapshot Survey and the biennial 
Youth Insights Survey) has used school decile 
as a proxy for SES from its inception.2

It is common practice to group school 
deciles into low (1–3 or 1–4), medium (4–7 
or 5–7) and high (8–10) for reporting (eg, in 
ASH Year 10 Snapshot survey reports,3 Te 
Hiringa Hauora/Health Promotion Agency 
reports,4 Youth 2000 research5 and ASPIRE 
2025 research6). We can find no record of the 
original rationale for dividing deciles into 
three groups, but in youth smoking research 
the practice has continued unquestioned for 
two decades, presumably for consistency 
with previous research and, in some cases, 
due to the constraints of sample size. 

We argue that these groupings are now 
generally inappropriate in research on 
adolescent smoking,  both for presentation 
purposes and when adjusting for school 
decile in analysis. Over the years, smoking 
has become increasingly concentrated in 
low-decile schools.3 As a result, there is now 
much more variation in smoking preva-
lence in school deciles 1–4 (more deprived) 
compared to school deciles 8–10 (less 
deprived). 

We illustrate this phenomenon using 
pooled 2016–2018 data from the Youth 
Insights Survey, a nationally representative 
self-report survey of Year 10 students (14 
to 15 year olds) conducted in schools every 
two years until 2018 by Te Hiringa Hauora. 
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(Further detail about the survey design, 
methods and response rates are available in 
methodology reports on Te Hiringa Hauora 
website: www.hpa.org.nz.)  Table 1 shows 
considerable variation in current (at least 
monthly) smoking prevalence at the lower 
end of the school decile range. The preva-
lence of current smoking in Decile 1 schools 
was 11.3%—almost double that in Decile 4 
schools (6.0%). In contrast, there was rela-
tively little variation at the upper end of the 
school decile range, with current smoking 
prevalence among students in deciles 7 to 10 
being 2–3%. 

Grouping school decile into low, medium 
and high is problematic because:

• it hides potentially important vari-
ation in risk factors and health or 
behavioural outcomes within decile 
groups

• it may mislead policymakers, funders 
and those designing interventions as 
to appropriate targeting or resourcing 
(eg, using resources to target Decile 4 
schools to the same extent as Decile 1 
schools)

• it may result in inadequate 
adjustment and residual confounding 
if broad decile groups are used in 
regression analyses to adjust for 
confounding (where more detailed 
categorisation would be expected to 
provide better adjustment). 

We recommend that, to overcome these 
problems and provide a more accurate and 
nuanced picture, health researchers should 
report adolescent smoking by quintiles, 
where sample size is large enough to do so. 

The same problems may apply to other 
youth health topics that are strongly 
patterned by socio-economic status (eg, food 
insecurity,7 residential mobility,8 oral health9 
and private health insurance coverage9), 
where we might expect exposures or 
outcomes to be heavily concentrated at 
one end of the school-decile spectrum 
rather than being more evenly distributed. 
Therefore, we urge researchers to carefully 
consider the most appropriate school-decile 
grouping for their particular analysis, rather 
than using low, medium and high by default.

Table 1: Current smoking by school decile, showing alternative decile groupings.

School deciles Deciles grouped
low, medium, high

Quintiles

School 
decile

n current 
smoker /
n total

Smoking  
%
unweight-
ed 

Smoking
%
weighted

n current 
smoker /
n total

Smoking
 %
unweight-
ed

Smoking 
%
weighted

n current 
smoker /
n total

Smoking
%
unweight-
ed

Smoking
%
weighted

1 23/ 198 11.6 11.3 104 / 1302 8.0 8.7 43 / 411 10.5 11.3

2 20 / 213 9.4 11.4

3 33 / 442 7.5 8.9 61 / 891 6.9 7.4

4 28 / 449 6.2 6.0

5 25 / 558 4.5 4.1 94 / 2153 4.4 4.3 71 / 1392 5.1 5.0

6 46 / 834 5.5 5.6

7 23 / 761 3.0 3.2 44 / 1563 2.8 2.9

8 21 / 802 2.6 2.7 53 / 2014 2.6 2.8

9 12 / 589 2.0 2.2 32 / 1212 2.6 2.8

10 20 / 623 3.2 3.4

Data source: Youth Insights Survey, 2016 and 2018 (pooled). Weighted estimates are calibrated to the gender and ethnicity distribution of Year 10 
students in New Zealand and account for sample selection (school and class level) and non-response (school, class and student level). 



122

LETTER

NZMJ 12 March 2021, Vol 134 No 1531
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

REFERENCES

 Competing interests:
Dr Ball reports grants from Health Research Council, outside the submitted work.  

Dr Stanley reports grants from Health Research Council, outside the submitted work.  
Dr Edwards reports grants from Health Research Council, other from Hapai te Hauora,  

other from Oceania Tobacco Control conference, Thoracic Society of Australasia and NZ, 
outside the submitted work.

Acknowledgements:
The authors would like to acknowledge the owners of the Youth Insights Survey data,  

Te Hiringa Hauora/Health Promotion Agency, and the students who participated in the surveys. 
Author information:

Jude Ball, Research Fellow, Department of Public Health,  
University of Otago, Wellington. 

James Stanley, Associate Professor, Dean’s Department,  
University of Otago, Wellington. 

Jane Zhang, Assistant Research Fellow, Department of Public Health,  
University of Otago, Wellington. 

Niveditha Gurram, Researcher, Te Hiringa Hauora / Health Promotion Agency. 
Andrew Waa, Senior Lecturer, Department of Public Health,  

University of Otago, Wellington. 
Richard Edwards, Professor, Department of Public Health,  

University of Otago, Wellington.
Corresponding author:

Jude Ball, Research Fellow, Department of Public Health, University of Otago,  
Wellington, PO Box 7343 Newtown, Wellington 6242 

jude.ball@otago.ac.nz
URL:

www.nzma.org.nz/journal-articles/time-to-revisit-school-decile-groupings-in-health-research

1. Ministry of Education. 
School deciles: Ministry of 
Education; 2020 [Available 
from: https://education.
govt.nz/school/running-
a-school/resourcing/
operational-funding/
school-decile-ratings/].

2. Reeder A, Waa A, Scragg 
R. Youth smoking 
surveillance: The report 
of the scientific advisory 
committee. New Zealand 
Youth Tobacco Survey. 
Wellington: Health 
Sponsoship Council; 2000.

3. ASH. Factsheet: Youth 
smoking in New Zealand 
by socio-economic 
status. Auckland: ASH 
New Zealand; 2014.

4. Gurram N, Brown L. 
Substance use behaviour 
among 14 and 15-year-olds: 
Results from a nationally 

representative survey. 
Wellington, New Zealand: 
Health Promotion Agency/
Te Hiringa Hauora; 2020.

5. Fleming T, Ball J, Peiris-
John R et al. Youth19 
Rangatahi Smart Survey, 
Initial Findings: Substance 
Use. Youth19 Research 
Group, The University of 
Auckland and Victoria 
University of Wellington, 
New Zealand; 2020.

6. Ball J, Sim D, Edwards 
R. Addressing ethnic 
disparities in adolescent 
smoking: Is reducing 
exposure to smoking in 
the home a key? Nicotine 
Tob Res. 2018;21(4):430-8.

7. Carter KN, Lanumata T, 
Kruse K, Gorton D. What 
are the determinants of 
food insecurity in New 
Zealand and does this 

differ for males and 
females? Aust N Z J Public 
Health. 2010;34(6):602-8.

8. Nathan K, Robertson 
O, Atatoa Carr P et al.. 
Residential mobility 
and socioemotional and 
behavioural difficulties 
in a preschool population 
cohort of New Zealand 
children. J Epidemiol 
Community Health. 
2019;73(10):947-53.

9. Ministry of Health. New 
Zealand Health Survey: 
Annual Data Explorer, 
November 2019: Ministry 
of Health; 2019 [Available 
from: https://minhealthnz.
shinyapps.io/nz-health-sur-
vey-2018-19-annual-da-
ta-explorer/_w_61dc3b7d/#!/
explore-indicators].

http://www.nzma.org.nz/journal-articles/time-to-revisit-school-decile-groupings-in-health-research


123

LETTER

NZMJ 12 March 2021, Vol 134 No 1531
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Scheduling of  
COVID-19 vaccination  
for at-risk employees

Chris Walls, Siobhan Gavaghan, Des Gorman, David McBride

We read with some concern the 
plans from the Ministry of Health 
to start COVID-19 vaccination 

of at-risk managed isolation facility (MIF), 
quarantine isolation facility (QIF) and front-
line health workers “in the second quarter” 
of 2021.1

It will be the MIF and QIF employees who 
suffer the first occupationally acquired 
infections (and act as portals for community 
infection). Medical staff and healthcare 
workers (HCW) at the district health boards 
will meet the first unexpected infections 
placing them at risk of a potentially fatal 
occupational infection.

It is our opinion as practising occu-
pational physicians working in, or with 
experience in, the healthcare sector that 
other protective interventions (eg, engi-
neering solutions, work practices and 
personal protective equipment) will fall far 
short of the protective value of an effective 
vaccination.

The Health and Safety at Work Act (2105) 
requires “Persons in Control of a Business 
Unit” to take “reasonably practicable” steps 
to ensure the safety of those in their employ. 

WorkSafe2 describes this as identifying the 
risks at work and their likelihoods; deciding 

what appropriate action is required given 
the potential seriousness of the illness or 
injury that may occur as a consequence 
of the exposure; and implementing “well 
known and effective industry practices”.

We argue that there is sufficient infor-
mation about the infectivity of this agent 
and its potential lethality to make this a 
serious and significant risk to exposed 
staff, and that, given the workplace prac-
tices imposed on MIF, QIF and HCWs by the 
nature of their business, vaccination is the 
only effective risk-control vehicle.

We would urge an accelerated vaccination 
schedule for exposed MIF, QIF and HCWs as 
a national priority.

If there are to be delays in introducing 
COVID-19 vaccination to at-risk occupational 
groups, the Ministry of Health and WorkSafe 
would need to acknowledge in writing to 
the relevant employers that they are unable 
to fulfil their obligations under the Health 
and Safety at Work Act because of national 
policy, and then urgently review and rein-
force the protective strategies in place in 
these at-risk workplaces. Vaccination for 
these priority groups will require inventive 
acquisition policies by the Ministry of 
Health.
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Longer Medical Course
February, 1921

A proposal to extend the term of the 
medical course was contained in a re-
port made by the Medical and Dental 

Committee to the New Zealand University 
Senate on 21st January. The report was as 
follows:—

The committee recommends that 
the medical course for M.B., B.Ch. 
be extended to six years; that the 
intermediate examination be held not 
later than the first week in December 
of the first year of study, the first 
professional in December of the third 
year of study, the second professional 
in December of the fourth year; the 
final examination to be held in two 
sections in the December of the fifth 
and sixth years of study.

Many universities, said Dr. Ferguson, who 
moved the adoption of the report, were 
making the change proposed, and New 
Zealand could not lag behind. He looked 
forward to the eventual institution of a 
course extending over more than six years. 
(The present course occupies five years.)

The Hon. J. A. Hanan said that to lengthen 
the course would probably make matters 
more difficult for students of moderate 
means. He was therefore opposed to the 
suggested alteration. It would mean that the 
supply of doctors would decrease, and more 
doctors were required. At present Otago 
was producing doctors of a high degree of 
efficiency.

Mr. H. F. von Haast did not see how, in the 
face of the generally expressed opinion that 
a six years’ course was necessary to make an 
efficient doctor, the Senate could refuse to 
extend the course. He hoped that Parliament 
would not interfere and, upon the pretext 
that the course was too long, create all sorts 
of loopholes for those who did not qualify.

Professor T. A. Hunter and Dr. Anderson 
both spoke against prolonging the course. 
The former suggested that something 
might be done to secure a higher standard 
of qualification in students at the time of 
commencing the medical course. If steps 
were taken in this direction, he thought that 
the students would be equal to completing 
their course in five years.

 Mr. F. A. de la Mare said he would be 
guided by expert opinion on this subject. 
If experts said that the course could not 
satisfactorily be gone through in five years, 
then there would be reason to suspect that 
students who got through in five years were 
doing so at the expense of “the cultural side” 
of their education. The community expected 
that doctors should be entitled to respect 
not solely as medical men, but as men 
possessing a certain degree of culture.

The Chancellor (Sir Robert Stout) said that 
he would vote for the adoption of the report.

The Senate agreed to the committee’s 
recommendations.

URL:
www.nzma.org.nz/journal-articles/longer-medical-course
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