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Summaries
Vasovagal syncope triggered by recent moderate weight loss?
Brent Cumming, Christopher Frampton and David Jardine

Vasovagal syncope [or fainting] is a common condition which often starts in adulthood for no particular 
reason. Causes previously recognised include blood pressure medication, phobia, anaemia, fever 
and extreme fitness. Recent weight loss [of about 10Kg] has not been reported therefore this is a new 
observation which may be useful for doctors dealing with blackouts that are not clearly cardiac in 
mechanism.

New Echocardiography Reference Ranges for Aotearoa (NewERA) Study: the application 
of international echocardiographic reference values to linear measurements of the 
hearts of healthy, young Māori and Pacific adults may not detect cardiac enlargement
Gillian A Whalley, Allanah Harrington, Jonathan Christiansen, Bettina 
Ikenasio, Arun Deo, Greg D Gamble, Sue Crengle

Heart ultrasound is often used to identify abnormalities, including enlargement but comparing the 
measurements to normal ranges. These normal ranges were developed in white Americans and are 
used all around the world. But this research shows that if these numbers are applied to Māori and 
Pacific peoples this may result in incorrect diagnosis and potentially delay treatment.

District health board engagement with the living wage movement: 
evidence from official information requests
Julie Douglas, Heather Came, Leah Bain and Grant Berghan

The DHBs in New Zealand have an employment goal of reducing social inequalities, yet most current 
DHBs continue to pay wages for some workers at or marginally above the minimum wage. It is clearly 
demonstrated that this level of income is inadequate and low household incomes lead to poor health, 
educational and other social outcomes. We argue that New Zealand’s public health organisations, as 
large employers, need to model good employment relations and pay at a minimum a living wage to all 
employees and contractors. For many Māori and Pasifika families household income needs to be lifted 
to ensure more equitable social outcomes. This ultimately benefits all of society.

Diabetes mellitus prevalence in Northland New Zealand schizophrenia patients on clozapine
Nicole M McGrath, Verity Humberstone, Ashley C Abraham

Clozapine is the only treatment with a specific indication for treatment resistant schizophrenia and it 
can increase the chance of developing diabetes. In Northland, 41% of patients on clozapine have either 
diabetes or pre-diabetes. The majority of patients on clozapine with diabetes are Maori and blood sugar 
control is higher than recommended. Improving the physical health of people with schizophrenia is 
required using culturally appropriate and easily accessible services.
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Can physical activity be simplified for health benefit? 
Chey G Dearing, Carl D Paton

We designed a NZ specific simple physical activity questionnaire and tested if it could predict health 
in NZ because current guidelines are controversial. We found that we could predict the gold standard 
laboratory measure of general health and fitness (VO2Peak) and also psychological stress status from 
activity type and frequency. Our research suggests that there may be no need to measure for how long 
an individual performs physical activity. Simply performing two vigorous type (e.g. running) physical 
activities per week may be recommended to decrease risk of psychological stress and to improve health.  

Revised Guidelines for smoking cessation in New Zealand, 2021
Jessica McCormack, Natalie Walker, Hayden McRobbie, Karen Wright, Vili Nosa, Basil Fernandes, Chris Bullen

The paper summarises current scientific evidence on the best ways New Zealand health workers can 
help people to stop smoking. Healthcare workers should ask and briefly advise all people who smoke 
to stop smoking, regardless of whether they say they are ready to stop smoking or not. They should 
offer smoking cessation support – both advice and tips for how to stop and medicines that help make 
withdrawal from smoking easier. The paper includes advice around the use of vaping as a tool for 
stopping smoking, and how to support Māori, Pacific, pregnant women, and people with mental illness 
and other addictions to stop smoking.

Acute alcohol use and suicide deaths: an analysis of New 
Zealand coronial data from 2007–2020
Rose Crossin, Lana Cleland, Annette Beautrais, Katrina Witt, Joseph M Boden

We found that over one quarter of all suicide deaths from 2007 to 2020 in Aotearoa New Zealand 
happened when the person had consumed alcohol.  This was especially true for younger people, and for 
Māori and Pasifika.  Reducing the overall level of alcohol consumption in Aotearoa New Zealand could 
reduce the incidence of suicide, particularly for the most affected groups.
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A new opportunity for a fairer, more 
equitable approach to alcohol supply 
—minus the marketing
Sally Casswell

I t is good news our Government has now com-
mitted to a review of our alcohol legislation. 
Advocates, including the Health Coalition 

Aotearoa, have produced recommendations for 
the scope of the review, including giving effect 
to Te Tiriti o Waitangi in the legislation, stricter 
legal restrictions on availability and reform of 
the licensing process to give communities the 
voice they were intended to have.1 A key issue the 
review must traverse is how can we ensure safe 
and responsible supply of alcohol while reducing 
the inequities in wellbeing and health to which 
alcohol significantly contributes. 

One aspect not yet clear is whether the scope 
of the review will include adequate consideration 
of alcohol marketing. Alcohol marketing is men-
tioned in the current Sale and Supply of Alcohol 
Act but remains ignored and unenforced. Instead, 
Aotearoa New Zealand suffers, along with many 
similar countries, from an acceptance of per-
vasive alcohol marketing and the façade of an 
industry run voluntary code, providing no real 
protection from exposure to powerful and per-
suasive encouragement to drink and drink more. 

The evidence supporting a need for regulation 
of marketing is clear. There is a causal effect of 
alcohol marketing on younger people where most 
of the research has been focused.2 Exposure to 
alcohol marketing leads to young people drinking 
at a younger age and drinking more. In Aotearoa, 
tamariki Māori are exposed to five times as much 
alcohol marketing compared with others,3 and 
this is likely to contribute to consumption of larger 
amounts of alcohol products by Māori rangitahi.4 
In turn, this contributes to the striking inequity in 
premature mortality, with Māori more than twice 
as likely to die from alcohol attributable causes.5

One of the benefits of alcohol marketing for 
the global producers is to recruit new consumers 
and, especially important for them, an ongoing 
supply of heavy consumers, described in industry 
sources as “the heavy drinking loyalists of tomor-
row”.6 Everywhere commercial alcohol producers 

rely on heavy consumption for significant propor-
tions of their sales and profits, approximately 50% 
in Aotearoa.7

Marketing’s effects are broad and therefore the 
urgently needed policy response must go beyond 
a focus on protecting young people. Research has 
also indicated impacts of marketing among adult 
drinkers, especially among heavier drinkers and 
those who are attempting to reduce their con-
sumption. Heavy drinkers find alcohol advertis-
ing more appealing, and marketing is more likely 
to lead to consumption; problem drinkers are 
both more exposed to and more interested in alco-
hol marketing. They report distress and threats to 
their sobriety from repeated exposure.8 

Alcohol is one of the most heavily advertised 
products globally. The big global corporations, 
such as the Asahi Corporation, owner of the heav-
ily promoted Ready To Drink (RTD), Long White, 
have ample resources to market their products. 
Integrated marketing campaigns use sophisti-
cated creative material, branded events and take 
advantage of the unprecedented targeting the use 
of digital data now allows. The ubiquity of the 
marketing creates a one-sided picture of alcohol 
products as if they are ordinary commodities. The 
cumulative effect over time is a normalisation of 
alcohol products that may constrain the policy 
options believed to be appropriate, such as the 
need to regulate affordability and accessibility to 
prevent increases in alcohol harm.9 

There is growing recognition that this market-
ing endeavour is unfair to all but the transnational 
alcohol corporations that produce, and market, 
the bulk of the global and New Zealand alcohol 
market, and their marketing partners such as the 
owners of the global branded sports and music 
events. Concern has been fuelled by the rapid 
and dynamic expansion of alcohol marketing in 
the digital media.10 The data we shed in our daily 
lives are being sold to enable targeting of indi-
viduals, look alike audiences, and to increase the 
power of marketing in the digital ecology in which 
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people now spend much of their lives; 94% of New  
Zealanders were active internet users in 2021. 

This expansion of alcohol marketing into the 
digital ecology is transformational and the ease 
with which it crosses national boundaries has 
stimulated considerable international concern.11 
Digital marketing takes advantage of data about 
interests, emotional states, location, brand pref-
erences and response to marketing and creates 
a seamless environment in which marketing can 
transform into purchase at the touch of a but-
ton. There has been a marked increase in online 
purchase in Aotearoa during the COVID-19 pan-
demic.12 Digital marketing ensures a very effec-
tive use of the advertising dollar; for example, 
for as little as US$2 an advertising campaign 
based in Australia could reach one thousand 
young people profiled as interested in alcohol.13 
Engagement with alcohol marketing in the digi-
tal media is also more powerful than with tradi-
tional modes. 14 

Despite increasing concerns over privacy and 
the commodification of digital data, effective 
regulation of digital platforms has not yet been 
achieved. However, the example of tobacco shows 

that where governments put in place comprehen-
sive bans on marketing, this reduces exposure to 
marketing in all modes. Within the World Health 
Organization, discussions are currently taking 
place towards an international code to regulate 
alcohol marketing, both to support the uptake 
of national bans on alcohol marketing and to 
respond to cross-border marketing. 

The forthcoming review of alcohol legislation 
in Aotearoa provides an opportunity to re-evalu-
ate our regulation in the context of the changed 
alcohol environment. This will include filling 
gaps in current law, such as failure to regulate 
alcohol marketing, and including online delivery 
and giving effect to Te Tiriti, while also reforming 
regulatory processes such as when the licencing 
process has not provided adequate opportunity 
for local government and communities to have 
their say. Above all, this reform could support te 
oranga (full participation in society) and te mana 
whakahaere (autonomy), which are in themselves 
important elements of Māori health.15 The reform 
could also provide an opportunity to protect those 
most vulnerable to alcohol harm, and contribute 
to fairer and more equitable outcomes. 

Supplementary URL: https://shoreandwhariki.ac.nz/
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Vasovagal syncope triggered by recent 
moderate weight loss?
Brent Cumming, Christopher Frampton and David Jardine

abstract
aim: In adults, the onset of vasovagal syncope is often unexplained. We wished to explore if moderate weight loss triggers the onset of 
vasovagal syncope (VVS). 
methods: A retrospective case-control study comparing demographic characteristic, syncope symptoms, and tilt-table results of 
patients who had recently lost weight (n=57), with randomly selected weight-stable patients (n=73), and controls, patients without 
syncope (n=24). 
results: VVS was diagnosed in 480 out of 1,209 clinic patients of whom 57 (11.9%) reported moderate weight loss. The mean (SD) 
reported weight loss was 11.5 (7) kg over 18.7 (13) months. Age and gender did not differ between groups: in the weight loss, weight 
stable, and control groups the mean age was 44.8, 45.2, and 44 years respectively; and proportion female 60%, 64%, and 54%. Body 
weight, mass index and calculated blood volume at presentation were also similar in the different groups. Weight loss preceded or 
coincided the onset of syncope in 80% of patients; the length of time over which weight loss occurred was associated with the length 
of time of syncope symptoms, product moment correlation coefficient 0.45, p=0.001. Syncope in childhood and teenage years was less 
frequent in the weight loss group compared to the weight stable group: 37% vs 53%. After 10 minutes of head-up tilt, stroke volume 
was preserved in both syncope groups compared to controls; percentage of baseline mean (SD) in the weight loss, weight stable, and 
control groups: 71(18), 69(10), and 61 (11) respectively; despite lower blood pressure in the weight loss groups with mean (SD) 90 (14) 
mmHg, 93 (13) and 103 (14) respectively.
conclusions: Some patients have onset of VVS within a few months of weight loss resulting in earlier presentation to clinic. The  
physiological mechanism for this is uncertain.

Postural symptoms and vasovagal syncope 
(VVS) syncope are recognised chronic com-
plications of severe weight loss, greater 

than 40kg; following bariatric surgery.1,2 The rela-
tionship of syncope symptoms within months of 
moderate weight loss, between 5kg and 40kg, has 
not been reported. Additionally, moderate weight 
loss is usually achieved by lifestyle changes, for 
example dieting and exercise, rather than bariat-
ric surgery. At our syncope clinic we had noted 
an apparent increase in the number of patients 
presenting for assessment with recent VVS appar-
ently triggered by moderate weight loss. 

The benefits of weight loss include decreased 
blood pressure and blood volume, both of which 
are probably secondary to a fall in sympathetic 
activity.3 This activity is controlled by diverse 
mechanisms including the renin-angiotensin sys-
tem, insulin levels, leptin, and the baroreflexes.3,4 
We postulated that weight loss and decreased cen-
tral blood volume may predispose some patients 
to posture-triggered vasovagal syncope. With 10kg 
of weight loss, total blood volume falls by about 
500ml, representing 10% of circulating volume, 
and approximately half of this is central blood vol-
ume.5,6 Central blood volume is the major deter-

minant of stroke volume and both are observed 
to fall immediately when the human body is tilted 
head-up.7,8 If tilt is continued, a progressive fall in 
stroke volume is the key mechanism leading to 
syncope.9 Despite the importance of central blood 
volume to maintenance of mean arterial pressure 
in the upright position, weight loss is not listed as 
a risk factor for posture-triggered VVS in review 
articles and guidelines.10–13 Based on the complex 
mechanisms controlling sympathetic nerve activ-
ity, the relationship between weight loss and the 
onset of vasovagal syncope is unlikely to be sim-
ple. For example, the sigmoid nature of baro-
reflex responses might prevent BP from falling 
until blood volume falls below a certain thresh-
old. To clarify, the association between weight 
loss and the onset of VVS in our clinic population, 
we examined the association between weight loss 
and other possible confounding demographic 
characteristics, or medical conditions, which 
can also cause syncope. Secondly, we wanted to 
explore the temporal relationship between recent 
weight loss and the onset of syncope symptoms. If 
weight loss is an important predisposing factor to 
VVS then: (a) it should precede the onset of faint-
ing; (b) it might dictate a relatively short fainting 
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history; (c) there might be an association between 
the duration of fainting symptoms and the length 
of time over which weight loss occurs; and (d) 
it might trigger VVS in patients who have never 
fainted before. Finally, we explored non-invasive 
haemodynamic data from head-up tilt to see if 
weight loss was associated with an exaggerated 
fall in stroke volume, which may be a possible 
mechanism for VVS in these patients.

Methods
This was a retrospective case-control study 

comparing demographic and other character-
istics, in relation to syncope histories of VVS 
patients, with and without weight loss. Head-up 
tilt responses were also compared for two weight 
loss groups, with those of a control group with-
out syncope symptoms. All patients were selected 
from our syncope clinic and the majority were 
referred by general practitioners. All patients in 
this study were assessed in syncope clinic by the 
same doctor (DLJ) over a six-year study period 
between January 2014 and December 2019. 

Clinic procedures
A week before attending clinic, patients were 

sent a syncope questionnaire (see Appendix) 
which detailed the onset, severity and duration 
of syncope symptoms, as well as predisposing 
factors, for example drug treatment, background 
medical conditions and syncope in childhood. 
There was a specific question about syncope in 
childhood, as life-long susceptibility might be 
less prevalent in patients fainting in response to 
recent physiological changes such as pregnancy, 
anaemia, or weight loss. The questionnaire was 
reviewed with the doctor during the first part 
of the clinic assessment. In clinic patients were 
specifically asked about weight loss, including 
magnitude, duration and possible aetiology. The 
duration of weight loss was then collated with the 
syncope history so that patients could confirm or 
refute a temporal association. The practice of a 
pre-clinic questionnaire was to allow patients suf-
ficient time to remember and document syncope 
symptoms before being asked about weight loss. 
If patients were uncertain about current weight 
and height, these measurements were made in 
clinic and additionally past measurements from 
the electronic record were reviewed. Therefore, 
although quantification of recent weight loss was 
by self-report, these estimates were validated 
against other clinical records. Posture-triggered 
VVS was diagnosed on the basis of an expert his-
tory, a normal ECG, and the exclusion of other 

possibilities using an abbreviated tilt test.14,15 A 
positive 40 minute tilt test is not sensitive for VVS 
and, although clinically useful in some patients, is 
generally not be used as an inclusion criterion for 
studies of this nature.10,16 On the other hand, a lim-
ited tilt test is useful to exclude diagnoses such as 
postural tachycardia syndrome (POTS), drug-re-
lated postural hypotension (DRPH), and neuro-
genic orthostatic hypotension.15 The clinic review 
included a focussed cardiovascular examination 
and a 12-lead ECG, followed by an abbreviated 
head-up tilt test, (supervised by David L Jardine). 
All these occurred during the same clinic session. 
For the tilt test patients initially rested in the hor-
izontal position on a hydraulic tilt table and a  
cuff was placed around the right index finger 
for continuous plethysmographic blood pressure 
recordings (FINAPRES, The Netherlands).17 When 
blood pressure and heart rate were stable, usually 
after 10 minutes, patients were tilted to the head-up 
70-degree position with foot support. No provoca-
tive manoeuvres were used.15 The time taken to get 
from horizontal to tilt angle was 20s. All patients 
were tilted for a maximum of ten minutes if 
symptoms permitted, and then returned to the 
horizontal position for a further five minutes. A 
diagnosis of VVS required all of the following:

Patient groups
Data on all patients attending the syncope clinic 

during the study period were reviewed.
Patients were not used in the study if there 

was: a history of bariatric surgery; weight loss 

exceeding 40kg; or weight loss starting more than 
five years before assessment in clinic.

The weight loss group (WL) were selected 
based on: a clinical diagnosis of VVS; and moder-
ate, and sustained weight loss of between 5kg and 
40kg within five years of the syncope clinic assess-
ment. Weight-stable group (WS) were randomly 
selected from clinic patients based on: a clinical 

1. a typical history, based on the questionnaire 
and expert review in clinic, consisting 
recurrent episodes of transient loss of 
consciousness occurring when upright in 
certain situations and following the usual 
stimuli e.g., prolonged standing, standing up 
too quickly, blood phobia,10-14

2. no features in the history to suggest other 
conditions e.g., cardiac syncope, epilepsy, 
orthostatic hypotension, DRPH or POTS,15

3. a normal or vasovagal response to 
abbreviated tilt.



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2022 Jul 15; 135(1558). ISSN 1175-8716
www.nzma.org.nz/journal ©PMA

article 12

diagnosis of VVS without moderate weight loss as 
defined above. Control group (C) were randomly 
from clinic patients during the study period did 
not have syncope or weight loss.

Calculated blood volume was estimated using 
the Nadler equations.18 

Men: Total blood volume = 0.3669 (Height)  
3 + 0.03219 (Weight) + 0.604

Women: Total blood volume = 0.3561 (Height) 
3 + 0.03308 (Weight) + 0.1833 

The accuracy of the Nadler equation for esti-
mating blood volume may vary, depending on the 
magnitude and the aetiology of the weight loss.19

Hemodynamic measurements included blood 
pressure as the mean arterial pressure (MAP), 
heart rate (HR), and stroke volume (SV)—all aver-
aged over one-minute periods. Stroke volume 
was derived from the blood pressure waveform 
using the MODELFLOW algorithm and expressed 
as % baseline.17 Baseline values were measured in 
the horizontal position, in the last minute before 
head-up tilt; early tilt included the third minute 
of tilt; end of tilt included the tenth minute of tilt, 
and this was immediately before tilt-back to the 
horizontal position. 

Statistical methods
The three groups were compared using one-

way ANOVA, for scale variables, and Chi-squared 
tests, for categorical variables; and as appropri-
ate and t-tests were used to clarify differences 
between the groups. Linear regression and prod-
uct moment correlation coefficients were used to 
assess associations between continuous variables.

SPPS statistics software version 26 (IBM Corp, 
Armonk, NY, USA) was used.

After consultation, we were advised by our 
local ethics committee that formal approval was 
not required. This study was therefore under-
taken under the auspices of the Research Office 
(University of Otago) and our hospital Quality 
Control committee.

Results
Over the six-year study period, 480/1,209 (40%) 

of patients seen in the syncope clinic had VVS. 
Of these patients 57/480 (11.9%) reported a his-
tory of moderate weight loss, between 5kg and 
40 kg within five years of the clinic assessment: 
designated the weight loss (WL) group (Figure 1). 
From the remaining VVS patients, n=423, a ran-
dom selection was made of unmatched patients 
without weight loss, designated the weight sta-
ble (WS) group, n=73. Additionally, a control (C) 
group was selected of patients with neither of 
weight loss nor syncope, n=24.

The demographic and other clinical character-
istics of the patients are summarised in Table 1. 
There was no evidence of a difference between 
groups in weight, gender, body mass index, or cal-
culated blood volume. Mechanisms for weight loss 
in the WL group included lifestyle (n=25), unknown 
(n=17), anxiety or depression (n=9) and medical 
conditions (n=6). Medical conditions contributing 
to weight loss included Crohn’s disease, hyperthy-
roidism, and dysphagia. Both syncope groups had 
other treated medical conditions not thought to 
be related to weight loss. The most frequent med-
ications used were serotonin-specific reuptake 
inhibitors, proton pump inhibitors, thyroxine, and 
statins. Very few patients in the VVS groups were 
using blood pressure lowering medication; one in 
the WS group and two in the WL group. This was, 
however, likely an artefact of the clinical assess-
ment, because patients with syncope onset coin-
ciding with starting of medications usually had an 
abnormal early response to tilt and were classified 
as having DRPH rather than VVS.

In the WL group, mean (SD) weight loss and 
calculated change in blood volume were 11.5 (7) 
kg and 0.4 (0.2) L respectively, occurring over 
18.7 (13) months. The distribution of weight loss 
is shown in Figure 1. Weight loss preceded the 
onset of syncope in 80% of patients. The dura-
tion of syncope symptoms was shorter in the 
WL group compared to the WS group: mean (SD) 
13.5 (15) versus 32.9 (44) months, p=0.002. The 
distribution of syncope symptoms over time was 
skewed with a long right tail. Although, in the 
majority of both groups symptoms started within 
24 months of presentation, the distribution was 
more skewed in the WS group: 22/75 (29%) of the 
WS group had prolonged symptoms versus only 
8/57 (14%) in the WL group. In the WL group 
there was evidence of an association between 
the duration of symptoms and time over which 
weight loss occurred, product moment correla-
tion coefficient 0.45, p=0.001; with a slope (95% 
CI) of 0.48 (0.22 to 0.75) (see Figure 2). There was 
no evidence of an association between symptom  
duration and the magnitude of weight loss; prod-
uct moment correlation coefficient -0.03, p=0.85. 
The proportion of patients with a history of syn-
cope in childhood and teenage years was lower in 
the WL group, 23/57 (37%) compared to the WS 
group, 39/73 (53%).

No patients had syncope during the tilt-test. 
Haemodynamic variables before tilt (baseline) and 
at the two measurement times are summarised in 
Table 2. The baseline values of the haemodynamic 
variables were similar in all groups. There was 
strong evidence of a difference in mean arterial 
blood pressure in the two VVS groups compared 
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Table 1: Demography, medical conditions and medications of control, weight stable and weight loss groups.

Clinical group mean (SD)

Control

N=24n=24

Weight stable

N=73 
n=73

Weight loss

N=57

n=57

P

Age (years) 44 (16) 45.2 (20) 44.8 (18) 0.97

Weight (kg) 75.5 (18) 72.5 (16) 73.4 (16) 0.75

Height (cm) 168.9 (7) 168.6 (9) 168.4 (9) 0.92

BMI 26.5 (6) 25.4 (5) 26.0 (5) 0.66

Blood volume (L) 4.6 (0.8) 4.5 (0.8) 4.5 (0.8) 0.77

Change in weight (kg) 11.5  (7)

Change in blood volume (L) 0.4 (0.2)

Weight loss time (months) 18.7 (13)

Duration of symptoms (months) 32.9 (44) 13.5 (15) 0.002

n (%) n (%) n (%)

Childhood syncope 39 (53) 23 (37) 0.06

Female 13 (54) 47 (64) 34 (60) 0.65

Medical conditions

Anxiety/depression 8 (11) 7 (12) 0.82

Phobia 9 (12) 4 (7) 0.32

Migraine 3 (4) 0 (0) 0.26

Others 18 (25) 16 (28) 0.66

Medications

Serotonin specific reuptake inhibitor 7 (10) 9 (16) 0.29

Proton pump inhibitor 7 (10) 5 (9) 0.87

Statin 3 (4) 4 (7) 0.70

Anti-hypertensive medication use 0 (0 2 (4) 0.20

Weight loss mechanism

Life style 25 (44)

Unknown 17 (30)

Anxiety/depression 9 (16)

Medical condition 6 (10)
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Table 2: Early tilt haemodynamic data: controls versus syncope patients with and without weight loss. 
Values represent means ± sd.

Clinical group mean (SD)

Control

(n=24)

Weight stable

(n=73)

Weight loss

(n=57)

P

Mean arterial blood pressure (mmHg)

Baseline 87 (12) 82 (12) 83 (12) 0.22

3 min tilt 102 (12) 90 (3) 92 (13) 0.001

10 min tilt 103 (14) 93 (13) 90 (14) 0.001

Heart rate (beats per minute)

Baseline 73 (12) 71 (11) 70 (10) 0.34

3 min tilt 83 (13) 79 (11) 80 (14) 0.32

10 min tilt 87(14) 84(14) 84(16) 0.71

Stroke volume (percentage of baseline)

3 min tilt 65 (12) 70 (11) 67 (12) 0.34

10 min tilt 61 (11) 69 (10) 71 (18) 0.01

Figure 1
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to control, there was no evidence of a difference 
in heart rate, and although there was no evidence 
of a difference in stroke volume after three min-
utes; the control group had a lower stroke volume 
after 10 minutes of tilt.

Discussion
We found that recent moderate weight loss 

was rather common in patients presenting to our 
clinic with vasovagal syncope. Weight loss in most 
patients was intentional, through dieting and 
exercise; however, many patients were uncertain 
as to the cause. Apart from weight loss, the demo-
graphic characteristics, background medical his-
tories and medications of this group were no 
different to other VVS patients. VVS onset usually 
followed or coincided with the onset of weight 
loss resulting in a shorter duration of syncope 
symptoms before clinic assessment. The dura-
tion of VVS symptoms was associated with the 
time interval over which weight loss occurred. 
Furthermore, fewer patients with weight loss 
reported syncope in earlier life, suggesting that 
onset of syncope was secondary to a physiologi-
cal change, not a life-long predisposition. In the 
absence of other possible confounders it seems 
likely that weight loss, and the associated fall in 
blood volume, were the most likely physiologi-

cal explanations for the synchrony between the 
onset of weight loss and postural VVS. We further 
hypothesised that patients with weight loss and 
decreased central blood volume might have an 
exaggerated fall in stroke volume during head-up 
tilt. However, we found that even though blood 
pressure was lower in both syncope groups 
during early tilt, stroke volume changes were 
less than in controls. Although adipose tissue is 
relatively low in blood volume, studies in diet-
ing patients report reductions of both total and 
central blood volume within months.6,20 We cal-
culated that moderate weight loss, on average 
12kg, would include 0.4L of blood volume, half 
of which is centrally distributed and the main 
determinant of stroke volume.18 During tilt SV 
fell by approximately 30% in all of our patients. 
This occurred mainly in the first three minutes, 
consistent with previous studies on VVS.9 We did 
not study tilt responses beyond ten minutes and 
so cannot comment on how weight loss might 
have affected the later changes preceding syn-
cope. Crucially, our methods did not allow direct 
measurements of central blood volume or abso-
lute SV levels immediately before tilt. Instead, we 
compared only changes in SV after tilt which has 
an uncertain relationship with absolute baseline 
levels. Furthermore, because of the retrospective 
nature of this study, we cannot determine how 

Figure 2
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stroke volume and blood pressure may have 
fallen during the months over which weight loss 
occurred. Presumably the blood pressure level 
was similar in the two syncope groups because 
in the WL group it had fallen from higher levels. 
Therefore, most of the important changes in MAP 
and SV probably occurred during the months 
before clinic assessment and it is not surprising 
that our tilt data was not helpful. This in no way 
refutes our important finding of the association 
between weight loss and VVS.

It is possible that the fall in blood pressure, 
consistently observed after weight loss predis-
poses some patients to recurrent vasovagal syn-
cope.1,5 New-onset syncope has been observed in 
other situations when blood pressure is lowered, 
e.g., following the introduction of antihyperten-
sive medication and during pregnancy.10 Nor-
mally, arterial baroreflexes buffer acute falls in
stroke volume and blood pressure in response to
postural changes. After weight loss, although the
baroreflexes become more sensitive, they reset
and modulate heart rate and sympathetic nerve
activity at lower MAP levels.3,21 However, the
absolute MAP at which syncope occurs remains
the same (approximately 60mmHg), therefore
the lower the MAP levels at which the baroreflex
curve operates, the more likely the patient is to
develop syncope.22 Other studies have used head-
down bed rest (over three weeks) to lower blood
volume and reported no changes in arterial
baroreflex function despite clear demonstration
of orthostatic intolerance.23 We emphasise that
in our study (and other weight loss studies) the
weight change was greater and over a much lon-
ger time interval, therefore a major “left” shift of
the baroreflex curves towards lower MAP levels
is likely.3,21 Re-setting is complicated and involves
not only arterial but also cardiopulmonary baro-
reflexes which control renin, vasopressin and
endothelin secretion.24,27 Furthermore, cardiopul-
monary baroreflexes also modulate sympathetic
activity and augment arterial baroreflex func-
tion when central blood volume is decreased.28,29

In view of these interactions and the nature of
baroreflex responses, it is not surprising that we
were unable to demonstrate a strong linear cor-
relation between the recent duration of weight
loss and syncope symptoms.

Limitations
In this study, the estimation of duration of 

syncope symptoms and weight loss depended 

on patient recall. Onset of syncope after weight 
loss may have biased how some patients remem-
bered their symptoms. We think this was partly 
mitigated by sending the patients a written ques-
tionnaire and checking their reported weight 
data with the electronic record as described in 
the methods. We were unable to directly mea-
sure central blood volume or compare absolute 
stroke volume levels at baseline. Sample size and 
statistical power were limited by the numbers 
of controls and patients presenting with weight 
loss. Multiple comparisons between these groups 
may have increased the risk of a type I error. An 
ideal future study would prospectively measure 
weight loss, tilt responses, and symptoms before 
and after dietary intervention. 

Conclusion
In the majority of patients presenting to our 

clinic with recurrent blackouts occurring in a 
standing or sitting position, the diagnosis is vaso-
vagal syncope.15 It is usually made by taking a 
careful history.10,12,14 When the history is unclear, 
other less common causes can be excluded by 
the appropriate investigations, for example 
long-term cardiac monitoring for arrhythmia or 
tilt testing for postural hypotension.10,12 If these 
results are normal, patients can be reassured 
that the diagnosis is still most likely to be VVS 
because it is so prevalent in all age groups. In 
some, the diagnosis is supported by a satisfactory 
response to treating predisposing factors e.g., 
anaemia, dehydration, prolonged bedrest, drugs, 
pregnancy, or fever; but in others there are no 
associated changes other than weight loss. The 
results of this study are consistent with that in 
a subset of patients with recent onset VVS, there 
may be an association with simultaneous moder-
ate weight loss. This association is generally not 
recognised by patients and has not previously 
been reported. This may be because the temporal 
association between duration of weight loss and 
onset of syncope is not simple. We suspect that 
when weight stabilises at a lower level and the 
baroreflex mechanisms re-set, the time interval 
during which the patient remains symptomatic 
is variable. We plan a follow-up study to examine 
the length of this time interval and what baro-
reflex changes occur. In the meantime, we reas-
sure our patients that the symptoms will improve 
(without any form of medication), and they are 
discouraged from putting the weight back on. 
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New Echocardiography Reference 
Ranges for Aotearoa (NewERA) Study: 
the application of international 
echocardiographic reference values 
to linear measurements of the 
hearts of healthy, young Māori and 
Pacific adults may not detect cardiac 
enlargement
Gillian A Whalley, Allanah Harrington, Jonathan Christiansen,  
Bettina Ikenasio, Arun Deo, Greg D Gamble, Sue Crengle

abstract
aims: To develop ethnic-specific echocardiography reference ranges for Aotearoa, and to investigate the impact of indexation to body 
surface area (BSA). Current reference international ranges are derived from people of mostly NZ European ethnicity and may not be 
appropriate for Māori and New Zealanders of Pacific ethnicity, who both experience high rates of cardiovascular disease.
methods: Echocardiography was performed in a cross-sectional study of 263 healthy adults (18–50 years): Māori (N=71, 43 female), 
Pacific (N=53, 28 female), European (N=139, 74 female). Linear measurements of the left heart are reported and indexed to BSA. The 
upper/lower limit of normal (ULN/LLN) by ethnicity and sex were derived (quantile regression). Ethnic- and sex-specific differences 
were examined using ANOVA.
results: The ULN was higher for all un-indexed dimensions in men compared to women, and for most indices the ULN was smallest 
in NZ Europeans and largest in Māori and Pacific peoples. Indexation reversed these relationships: NZ Europeans had higher ULN for 
many measurements. 
conclusions: Indexing to BSA introduced bias that preferences the NZ European ethnicity by creating an upper limit reference  
threshold that far exceeds this sample’s upper range. As a result, this may lead to under-recognition of cardiac enlargement in Māori 
and Pacific patients, and in particular for women. Unique reference ranges for all ethnic groups and sexes are required to optimally 
detect and manage cardiovascular diseases (CVD) in Aotearoa.

Echocardiography is used to detect and 
monitor structural and functional car-
diovascular diseases (CVD) by comparing 

quantitative measurements (such as heart wall 
thickness and chamber size) to population ref-
erence values.1 Recently, the impact of ethnicity 
upon echo measurements has been raised. The 
Echocardiographic Normal Ranges Meta-Analysis 
of the Left heart (EchoNoRMAL),2 an individual 
person meta-analysis with >20,000 participants, 
demonstrated important sex and ethnic differ-
ences in the normal echocardiographic refer-
ence ranges between NZ European, Asian and 

South Asian cohorts. Overall, the Asian cohorts 
had smaller hearts compared to the NZ European 
cohorts; and women had smaller hearts across all 
ethnic groups.2 

Heart size is closely linked with body size, and 
guidelines recommend echocardiography mea-
surements are indexed (divided by) by body sur-
face area (BSA)1 to allow comparison between 
individuals of differing sizes. But BSA is an imper-
fect indexation variable, and previous research 
suggests that body composition and fat free mass 
(FFM) is a better independent predictor of heart 
size than BSA.3,4 Body composition is also linked 
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to both sex and ethnicity: women have lower FFM 
than men for the same BMI; and Asian and Indian 
individuals have lower FFM than Caucasians of 
similar height and weight, who in turn have less 
FFM than African American individuals.5 These 
differences may explain the sex and ethnic differ-
ences observed in heart size. 

In New Zealand, CVD is a leading cause of mor-
tality, and mortality rates are highest within the 
indigenous Māori6 and Pacific populations.7 Māori 
and Pacific individuals also have higher FFM com-
pared with NZ Europeans;8 therefore it is conceiv-
able, indeed likely, that normal heart size is larger 
in Māori and NZ Pacific peoples. In the Hauora 
Manawa Heart Study,9 echocardiography revealed 
that Māori had larger left ventricular (LV) and aor-
tic dimensions, thicker LV walls and higher prev-
alence of LV hypertrophy (LVH) compared with 
non-Māori. Whilst this may reflect higher disease 
burden, it is probable that the true incidence of 
dilatation and LVH was overestimated by using 
the international reference values, as they were 
derived mostly from NZ European individuals.1 At 
the time there were, and remain, no appropriate 
reference ranges for clinical application in Māori, 
nor indeed Pacific peoples.

Our objective was to establish normal refer-
ence ranges for echocardiography applicable to 
both New Zealand and Pacific Islands popula-
tions. Our hypothesis was that heart size would 
be larger in Māori and NZ Pacific peoples and that 
reference values that include indexation to BSA,  
which does not account for body composition, 
may be inappropriate in a cohort of mixed eth-
nicity. As a result, the echocardiography measure-
ments may not be optimised in these groups, who 
are also at the higher risk of CVD. 

Methods
Study population

This targeted cross-sectional study recruited 
three age-matched healthy cohorts: Māori, NZ 
Pacific, NZ European. Between July 2015 and Sep-
tember 2017, participants were recruited through 
convenience sampling (word of mouth, newspa-
per articles, primary care practices, workplaces, 
and recreational sporting groups). Consenting 
participants attended a single visit at our research 
facility Awhina Health Campus or at community 
clinics in various locations (including primary 
healthcare facilities and workplaces) where demo-
graphic data, and clinical and family history were 
collected, and clinical measurements were taken: 

height, weight, body composition (Tanita Body 
Composition Analyzer SC-330), automated blood 
pressure (BP), point of care total cholesterol and 
blood glucose (CardioChek PA); and where echo-
cardiography was performed. Body mass index 
(BMI) was calculated (weight/height2) and BSA 
calculated by the DuBois formula.10 Body compo-
sition was assessed using sex-specific non-athlete 
settings, and fat free mass (FFM) was calculated as 
total weight less fat mass, and included bone mass.

Participants were invited to begin their indi-
vidual visit with the research team with a karakia, 
and also offered the remnant of their blood sam-
ple to take home. All remaining blood samples 
were collated in a single medical waste container 
(separate from general waste) for a cremation 
ceremony at the study completion. Participants 
were given a $20 fuel voucher as a koha, as well 
as pamphlets about reducing the risk of stroke, 
diabetes and heart disease. These were available 
in English, te reo Māori, Samoan and Tongan lan-
guages. All participants provided signed written 
consent. The study was conducted in accordance 
with the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) state-
ment11 and was approved by the Southern Health 
and Disability Ethics Committee (approval num-
ber 15/STH/96).

Inclusion and exclusion criteria
Participants aged 18–50 years who self-identi-

fied as Māori, NZ European, or Pacific Island eth-
nicity, with good health, were invited. NZ Pacific 
peoples included participants who identified as 
either Cook Island Māori, Fijian, Niuean, Samoan, 
Tahitian or Tongan. Participants who identified 
as Fijian Indian Pacific were excluded. Other 
patient exclusion included: random (non-fast-
ing) total cholesterol of >7·0mmol/L or glucose 
of >10mmol/L; BMI >40; currently or recently (<3 
months) pregnant; hypertension (greater than 
145/90 on two different automated BP measure-
ments); history of CVD, diabetes, renal failure or 
other serious conditions (including lung disease 
or asthma on regular medication (N=2)); taking 
any cardiovascular medications (except statins); 
and significant incidental echo findings.

Ethnicity determination
Ethnicity was self-identified, and participants 

were able to select more than one group, in which 
case, group allocation was ascribed according 
to the prioritisation method in the New Zealand  
Ministry of Health’s ethnicity data protocol: 
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1) Māori, 2) Pacific, 3) Asian, 4) European.12 This
ensured that participants were only counted in
one group. For example, if a participant reported
both Māori and European ethnicity, they were
allocated to the Māori group. If a participant
selected Māori and Pacific, they were also allo-
cated to the Māori group.

Echocardiography
Echocardiography was performed by experi-

enced sonographers or cardiology fellows accord-
ing to a standard research protocol adherent 
to the ASE Guidelines (Philips CX50 or Siemens 
SC2000prime). Full echo data are available, but 
this publication includes linear 2D measurements 
of the left heart: left ventricular internal end-dia-
stolic dimension (LVIDd); left ventricular internal 
end-systolic dimension (LVIDs); left ventricular 
outflow tract (LVOT); and aortic root and proximal 
ascending aorta. These measurements were made 
(average of three beats) off-line (Philips Q Station), 
and by a single reader (GAW) at the conclusion of 
the study in random order blinded to ethnicity, sex 
or other clinical information. All measurements 

were obtained according to recommendations of 
the American Society of Echocardiography Cham-
ber Quantification Guidelines.1

Statistical analysis
Exploratory data analysis revealed that all of 

the variables were normally distributed. Quantile 
regression was used to determine the 95th and 
5th centiles to determine upper limits of normal 
(ULN) and lower limits of normal (LLN) for each 
echo measurement. ANOVA was used to deter-
mine difference between the three ethnic groups, 
sex and the interaction of sex and ethnicity. Post 
hoc analysis was performed using Tukey method. 

Results
Study population 

After initial screening, 372 participants atten-
ded the first visit and 109 were excluded, leaving a 
final cohort of 263: 71 Māori (43 female, 28 male); 
53 NZ Pacific (26 female, 27 male); and 139 NZ Euro-
pean (74 female, 65 male) participants (Figure 1). 

The groups were well-matched in terms of age, 

Figure 1: Recruitment flow chart.
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height, blood pressure and heart rate (Table 1). 
Significant differences were observed in weight 
and body composition, with Māori having higher 
weight, fat mass (FM), fat free mass (FFM) and 
bone mass than NZ Europeans in both males and 
females, and with Pacific peoples having the high-
est. The same pattern was observed in each sex 
and for calculated BMI and BSA: the NZ European 
cohort had the lowest, and Pacific the highest, 
with Māori in between. No significant differences 
were observed between self-reported physical 
activity status.

Linear measurements of the left ventricle
For linear LV measurements, the ULN and LLN 

were higher in men compared to women and var-
ied significantly by ethnicity: the NZ European 
cohort had the smallest chambers compared 
to both the Pacific and Māori cohorts (Table 2). 
Indexation to BSA did not remove the sex differ-
ences but did change the order of the ethnic group 
differences, in such that now the NZ European 
group had the largest hearts. The only interaction 
between ethnicity and sex noted was for LVIDs 
and LVIDs/BSA, which are measures of both size 
and function.  

Post hoc analyses within these sex groups 
revealed trends towards the differences noted 
above, but the only significant difference in unin-
dexed measurements was for LVIDs, where NZ 
Pacific men had larger LVIDs compared to both 
NZ European and Māori men (Figure 2). But, 
when indexed to BSA, these differences in men 
were eliminated; however, significant differences 
between ethnicities emerged in women. NZ Pacific 
women had smaller hearts compared to both the 
Māori and NZ European women (Figure 2).

Raw unindexed measures of the after larger 
and before LV

Men had larger LV outflow tract (LVOT), aortic 
root (AoR) and ascending aortic (AscAo) dimen-
sions than women (Table 2), and significant 
differences were seen across ethnicities. The rela-
tionship was similar to that observed for LV mea-
surements; the European cohort had the smallest 
compared to both the Pacific and Māori groups. 
Indexation removed the sex differences for both 
LVOT and AoR (Table 2) and introduced a signif-
icant interaction between ethnicity and sex for 
LVOT/BSA, and the relationship across the ethnic 
groups altered such that the European cohort no 
longer had the smallest measurements: NZ Euro-
pean women now had the largest LVOT/BSA mea-
surements (Figure 3).

Comparison with other reference values
There was general agreement between the 

ULN seen in this NZ European cohort when 
compared to both ASE/EACVI and EchoNoRMAL 
indexed variables1,2 for both men and women 
(Table 3) and where differences are seen, these 
are of marginal clinical relevance. However, 
comparing the distribution of the data for LVIDd 
with the ASE/EASCVI reference values, a sub-
stantial proportion (19% of European men, 26% 
of European women; 29% of Māori men, 42% 
of Māori women; and 15% of Pacific men, 27% 
of Pacific women) fell outside of the reference 
ranges for raw measurements of LVIDd (Figure 
4). In both sexes, the data for Māori and Pacific 
peoples was shifted to the right for un-indexed 
LVIDd resulting in higher levels of “abnormal” 
measurements in Māori men (28.5%) and women 
(42.3%), but not Pacific participants. Indexation 
to BSA shifted the distributions to the left and 
eliminated all abnormal measurements in the 
Pacific group and a substantial proportion in the 
Māori groups. In the European group, indexation 
reduced this from 19–5% in men and 26–6% in 
women. In both the Māori and Pacific groups, the 
reduction was even greater: 29–7% in Māori men 
and 42–3% in Māori women; 15–0% in Pacific 
men and 27–0% in Pacific women.

Discussion
This study has shown, important differences 

in echocardiographic reference ranges between 
New Zealanders of European, Māori and Pacific 
ethnic groups. The results are consistent with pre-
vious research showing that echocardiographic 
heart size, is dependent on sex and ethnicity,13,14 
and suggests that current international Caucasian 
reference values are not applicable in Aotearoa, 
and worse, will contribute to poorer health out-
comes due to misdiagnosis when used in Māori 
and Pacific peoples. Specifically, we found that 
heart size is different among these ethnic groups, 
and that application of the current international 
guidelines, specifically indexation to BSA, is an 
imperfect adjustment that may mask the presence 
of pathological abnormalities. 

Indexation to BSA is intended to allow fair com-
parison of heart size amongst people of different 
body habitus. But from this data, it is apparent 
that unintentional preference may be introduced 
in healthcare delivery, in a way that preferences 
NZ European ethnicity: for example, among Māori 
and NZ Pacific peoples using a reference range, 
derived from a Caucasian population, may result 
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Table 1: Baseline demographics and clinical measurements.  

A – Male participants
NZ European

N=65

Māori

N=28

Pacific

N=27
ANOVA p

Post Hoc Tukey

M v P M v E E v P

Age, years 34.9 ± 9.4 32.6 ± 9.5 33.9 ± 10.0 0.570 0.88 0.547 0.886

Height, cm 180.2 ± 7.6 179.8 ± 6.3 178.8 ± 7.1 0.726 0.889 0.963 0.703

Weight, kg 84.8 ± 13.3 92.8 ± 13.9 101.6 ± 14.7 <0.001 0.051 0.028 <0.0001

Systolic BP, mmHg 133.9 ± 12.7 135.9 ± 17.6 136.9 ± 10.5 0.579 0.954 0.795 0.591

Diastolic BP, mmHg 81.9 ± 9.1 81.8 ± 10.0 87.2 ± 7.9 0.037 0.116 0.982 0.033

Heart rate, bpm 66.1 ± 10.2 69.3 ± 12.2 65.9 ± 8.6 0.351 0.45 0.364 0.996

Glucose, mmol/l 5.0 ± 1.19 5.1 ± 1.13 4.9 ± 0.82 0.725 0.704 0.857 0.908

Total cholesterol, mmol/l 4.4± 1.19 4.3 ± 1.03 3.9 ± 0.70 0.108 0.331 0.895 0.09

BSA, m2 2.04 ± 0.17 2.16 ± 0.20 2.20 ± 0.18 0.001 0.235 0.121 <0.0001

BMI, kg/m2 26.1 ± 3.8 30.3 ± 5.8 31.7 ± 3.6 <0.001 0.011 0.007 <0.0001

Fat free mass, kg 66.6 ± 7.5 70.2 ± 7.0 75.1 ± 9.1 <0.001 0.061 0.102 <0.0001

Fat mass, kg 18.2 ± 8.6 22.6 ± 9.1 26.6 ± 8.2 <0.001 0.207 0.061 <0.0001

Muscle mass, kg 63.3 ± 7.2 66.8 ± 6.6 71.4 ± 8.7 <0.001 0.061 0.102 <0.0001

Bone mass, kg 3.30 ± 0.35 3.47 ± 0.31 3.69 ± 0.42 0.002 0.056 0.104 <0.0001
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Table 1 (continued): Baseline demographics and clinical measurements.

B – Female participants
NZ European

N=74

Māori

N=43

Pacific

N=26
ANOVA p

Post Hoc Tukey

M v P M v E E v P

Age, years 36.9 ± 10.7 34.1± 10.1 37.1 ± 9.4 0.311 0.475 0.324 0.998

Height, cm 166.4 ± 6.3 166.4 ± 6.4 167.3 ± 5.7 0.242 0.818 1.0 0.786

Weight, kg 66.9 ± 14.5 78.6 ± 15.2 84.2 ± 15.8 <0.001 0.287 <0.0001 <0.0001

Systolic BP, mmHg 121.5 ± 9.9 127.0 ± 14.1 129.1 ± 13.0 0.006 0.758 0.042 0.016

Diastolic BP, mmHg 77.3 ± 8.2 81.6 ± 8.9 82.6 ± 7.4 0.006 0.708 0.05 0.015

Heart rate, bpm 69.4 ± 10.3 71.9 ± 14.1 68.7 ± 10.5 0.431 0.50 0.503 0.956

Glucose, mmol/l 4.9 ± 1.46 5.3 ± 1.16 5.0 ± 1.39 0.232 0676 0.202 0.676

Total cholesterol, mmol/l 4.5 ± 1.17 4.4 ± 0.96 4.3 ± 1.03 0.597 0.905 0.821 0.0599

BSA, m2 1.74 ± 0.18 1.86 ± 0.18 1.93 ± 0.18 <0.001 0.325 0.001 <0.0001

BMI, kg/m2 24.1 ± 4.9 28.4 ± 5.1 30.1 ± 5.4 <0.001 0.369 <0.0001 <0.0001

Fat free mass, kg 45.8 ± 4.7 48.7 ± 5.6 51.6 ± 6.5 <0.001 0.071 0.016 <0.0001

Fat mass, kg 21.1 ± 10.3 29.9 ± 10.3 32.6 ± 11.2 <0.001 0.556 <0.0001 <0.0001

Muscle mass, kg 43.5 ± 4.4 46.2 ± 5.3 49.0 ± 6.2 <0.001 0.069 0.017 <0.0001

Bone mass, kg 2.33 ± 0.23 2.47 ± 0.28 2.61 ± 0.31 <0.001 0.105 0.011 <0.0001

Data are mean ± standard deviation
Abbreviations: BMI = body mass index, BSA = body surface area 
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Table 2: Left heart linear echocardiography measurements.

NZ European ethnicity Māori ethnicity Pacific ethnicity ANOVA

Male, N=65 Female, N=74 Male, N=28 Female, N=43 Male, N=27 Female, N=26

Variable
m ± 
sd

LLN ULN
m ± 
sd

LLN ULN
m ± 
sd

LLN ULN
m ± 
sd

LLN ULN
m ± 
sd

LLN ULN
m ± 
sd

LLN ULN Ethnicity Sex
Interac-
tion

LVIDd, mm 
54.1 
± 4.4

47.1 61.8
49.1 
± 4.2

42.8 54.8
55.5 
± 4.9

46.6 61.4
50.9 
± 4.8

43.4 60.2
56.1 
± 3.0

51.1 60.0
50.1 
± 3.3

45.1 55.8 0.0142 <0.0001 0.7062

LVIDd /BSA, mm/m2 
26.5 
± 2.2

23.9 30.4
28.5 
± 2.6

24.5 32.5
26.3 
± 2.4

22.8 30.5
27.4 
± 2.0

24.0 30.5
25.8 
± 1.9

22.5 29.0
26.2 
± 2.4

22.5 30.3 0.0003 0.0003 0.0930

LVIDs, mm 
33.4 
± 4.1

27.2 41.4
30.7 
± 4.0

23.2 36.8
33.6 
± 4.9

27.1 38.7
31.8 
± 3.7

26.5 37.9
36.0 
± 4.0

30.4 43.5
30.4 
± 
3.89

24.5 35.3 0.1796 <0.0001 0.0269

LVIDs /BSA, mm/m2 
16.4 
± 2.0

13.7 20.4
17.9 
± 2.5

14.1 22.2
15.9 
± 2.5

12.7 18.8
17.1 
± 2.0

12.5 19.9
16.6 
± 1.6

13.8 19.1
15.9 
± 2.3

12.8 20.0 0.0280 0.0244 0.0109

LVOT, mm
22.7 
± 2.0

19.8 25.8
20.3 
± 1.6

18.0 23.5
24.3 
± 2.8

21.5 30.3
20.7 
± 1.5

18.1 23.7
24.1 
± 1.7

21.5 26.7
21.7 
± 2.2

18.5 26.1 <0.0001 <0.0001 0.0991

LVOT/BSA, mm/m2
11.2 
± 1.1

9.4 12.6
11.7 
± 1.2

10.2 14.2
11.5 
± 1.6

9.5 14.0
11.2 
± 0.9

9.5 12.9
11.1 
± 1.2

9.5 12.9
11.3 
± 1.1

9.7 12.9 0.4426 0.3836 0.0294

Aortic root, mm
34.4 
± 3.7

29.5 39.5
30.2 
± 2.9

26.2 34.4
35.6 
± 4.5

30.7 42.8
30.8 
± 4.0

25.5 36.5
35.5 
± 5.0

24.9 43.3
32.7 
± 4.6

26.8 40.9 0.0161 <0.0001 0.3530

Aortic root/BSA, 
mm/m2 

16.8 
± 1.8

14.9 20.2
17.5 
± 2.2

14.3 20.1
16.0 
± 2.2

14.2 20.1
16.2 
± 2.2

13.7 20.2
16.4 
± 3.2

9.8 21.8
16.9 
± 2.4

13.7 21.7 0.2523 0.2983 0.4165

STJ, mm 
28.4 
± 3.4

23.9 33.3
25.7 
± 2.6

21.7 30.3
29.3 
± 3.3

25.0 34.4
25.9 
± 2.8

22.0 30.1
29.4 
± 3.0

25.7 34.3
27.4 
± 3.5

23.4 32.9 0.0329 <0.0001 0.4936
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STJ/BSA, mm/m2 
13.9 
± 1.6

11.5 16.6
14.9 
± 1.9

12.2 17.6
13.9 
± 1.6

12.2 15.9
14.0 
± 1.8

11.0 16.9
13.6 
± 1.8

10.9 16.3
14.2 
± 2.0

11.5 18.6 0.0776 0.0228 0.2943

Asc. Aorta, mm 
31.1 
± 3.1

26.1 35.8
28.1 
± 3.1

23.3 33.4
31.3 
± 3.8

26.7 37.7
28.9 
± 3.2

24.8 35.5
32.3 
± 3.2

28.3 37.4
30.4 
± 2.7

27.1 33.6 0.0041 <0.0001 0.5737

Asc. Aorta/BSA, 
mm/m2 

15.2 
± 1.5

12.8 18.1
16.2 
± 1.9

12.7 18.7
14.8 
± 2.0

12.6 17.8
15.6 
± 1.7

13.3 19.1
15.0 
± 1.9

12.8 18.3
15.7 
± 1.9

12.0 18.2 0.1932 0.0008 0.8904

Data are mean ± standard deviation, LLN (lower limit of normal) is the 5% centile and ULN (upper 
limit of normal) is the 95% centile. ANOVA by ethnic groups overall (not within sex groups), sex 
and interaction ethnicity*sex.  
Abbreviations: Asc = ascending, BSA = body surface area, IVS = interventricular septum, LVIDs = 
left ventricular end-diastolic dimension, LVIDs = left ventricular end-systolic dimension, LVOT = 
left ventricular outflow tract, STJ = sinotubular junction.

Table 2 (contined): Left heart linear echocardiography measurements.

NZ European ethnicity Māori ethnicity Pacific ethnicity ANOVA

Male, N=65 Female, N=74 Male, N=28 Female, N=43 Male, N=27 Female, N=26

Variable
m ± 
sd

LLN ULN
m ± 
sd

LLN ULN
m ± 
sd

LLN ULN
m ± 
sd

LLN ULN
m ± 
sd

LLN ULN
m ± 
sd

LLN ULN Ethnicity Sex
Interac-
tion
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Figure 2: Left ventricular dimensions and the impact of indexation.

ANOVA for overall sex differences (solid lines); post hoc ethnicity differences within each sex group were tested using Tukey HSD (dashed lines).
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Figure 3: Left ventricular outflow tract and aortic measurements and the impact of indexation.

ANOVA for overall sex differences (solid lines); post hoc ethnicity differences within each sex group were tested using  
Tukey HSD (dashed lines).
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Table 3: Comparison with other published reference values.

Echo

Measurements

NewERA

Reference ranges

Age 18–50

European ethnicity only

ASE/EACVI

Reference ranges 

All ages

European ethnicity only1

EchoNoRMAL

Reference ranges 

Age 30 years

European ethnicity only2

Male Female Male Female Male Female 

ULN ULN ULN ULN ULN ULN

LVIDd, mm 61.8 54.8 58.4 52.2 59 53

LVIDd/BSA, mm/m2 30.4 32.5 30 31 29 31

LVIDs, mm 41.4 36.8 39.8 34.8 42 37

LVIDs/BSA, mm/m2 20.4 22.2 21 21 21 21

AoR, mm 39.5 34.4 40 36 na na

AoR/BSA, mm/m2 20.2 20.1 21 22 na na

AscAo, mm 35.8 33.4 38 35 na na

AscAo/BSA, mm/m2 18.1 18.7 22 19 na na

Data are ULN (upper limit of normal) based on the 95% centile for NewERA and EchoNoRMAL data and mean + 2 standard deviations for ASE/EACVI data. WASE used a combination of both methods.
Abbreviations: BSA = body surface area, LA = left atrium, LVIDd = left ventricular end-diastolic dimension, LVIDs = left ventricular end-systolic dimension.
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Figure 4: Distribution of echo measurements compared to ASE/EACVI reference ranges.

Blue shading = ASE/EACVI reference ranges for men, pink shading = ASE/EACVI reference ranges for women.
Abbreviations: BSA = body surface area, LVEDD = left ventricular end-diastolic dimension.
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in misclassification of abnormal heart size (such 
as with cardiomyopathy) as normal with subse-
quent under-treatment. This is systemic racism 
and puts Māori and Pacific peoples at higher risk 
of worse CVD outcomes but could be overcome if 
ethnic-specific references ranges were adopted in 
Aotearoa.

Globally, echocardiography is the main tool 
used to diagnose and monitor pathological car-
diac changes, and its use will grow as the size 
and cost of equipment declines rapidly. However, 
normal echo reference ranges are yet to be deter-
mined for many ethnic groups. Given the depen-
dence upon echocardiography, and in particular 
LV linear dimensions, to diagnose CVD, and guide 
interventions, timely and appropriate detection 
of abnormal heart size is paramount. Similar 
to other Indigenous populations, Māori and NZ 
Pacific peoples have the worst cardiovascular out-
comes of all New Zealanders,6,7 and are over-rep-
resented in almost every type of CVD. Further, 
CVD risk factors such as diabetes, hypertension 
and dyslipidaemia, are also more prevalent in 
Māori and NZ Pacific populations7,15 as is rheu-
matic heart disease.16 The results of this study 
indicate that the application of current normal 
reference indexed values, derived from mostly 
European individuals, is inappropriate and may 
lead to delayed diagnosis, especially if indexation 
to BSA is used. 

Optimal identification of disease and pro-
vision of appropriate care requires appropri-
ate reference ranges for each ethnic group and 
for both sexes. This is especially true given that 
many guidelines for evidence-based interven-
tions incorporate thresholds based on echocar-
diographic measurements, such as those for valve 
replacement.17 The impetus for the current study, 
was the lack of reference echocardiographic data 
on healthy Māori and Pacific populations. Differ-
ences in reference ranges have previously been 
demonstrated in other ethnicities and confirmed 
in the EchoNoRMAL study.2 However, being an 
individual participant meta-analysis, it was lim-
ited by potentially different echo methods and 
analysis across the different countries. The World 
Alliance of Societies of Echocardiography Nor-
mal Values Study (WASE)18 has recently reported 
a large international dataset (analysed centrally) 
to answer this question and provided more evi-
dence that echo measurements are different 
between people of European ethnicity and others, 
especially Asian people who have smaller hearts. 
Unfortunately, the WASE study does not include 

Indigenous populations, nor any Pacific Island 
populations, nor indeed many populations antici-
pated to have different body composition than NZ 
Europeans. 

It is likely that body composition is a key con-
tributor to the ethnic differences in echocardio-
graphic measurements observed in the current 
study and others since FFM has previously been 
linked to heart size.3,4 Several studies have shown 
that for the same body mass index (BMI), Māori 
and Pacific people have a higher proportion of 
FFM for a given BMI than NZ Europeans of similar 
size.8,19,20 Therefore, Māori and Pacific individuals 
could be expected to have larger hearts. How-
ever, if this is so, it is because of increased FFM, 
not increased BSA. Because BSA is a crude mea-
sure of body size, it is impossible to differentiate 
whether two people of similar BSA have the same 
body composition and using it as an indexing 
variable to minimise differences between indi-
viduals is flawed. Furthermore, a measurement 
that is essentially a surrogate for the surface, are 
of the skin that was derived initially from nine 
individuals over 100 years ago, and may have lit-
tle relevance to modern humans. Verbraecken et 
al21 have recently shown that the DuBois & DuBois 
BSA calculator underestimates BSA in traditional-
ly-defined obese individuals by up to 5%, and they 
point out that differences in nutrition and exer-
cise may have led to changes in body composition. 
However, this problem may not be limited to the 
DuBois & DuBois calculation. In a comparison of 
25 BSA formulae an alarming discrepancy was 
noted such that the authors noted: “Differences 
among calculations made by the formulae are so 
great that, in certain cases, they may consider-
ably affect patients’ mortality, especially for people 
with an abnormal physique or for children.”22 To 
our knowledge, there have been no BSA deriva-
tion cohorts based in Aotearoa, nor indeed, any 
that included Māori and Pacific people who have 
different body composition. It is what the skin is 
covering that matters, and specifically how much 
fat free mass. 

Historically, indexation to BSA was believed to 
remove the differences in heart size between men 
and women, but we now understand this not to 
be the case and the current guidelines provide dif-
ferent indexed values for men and women.1 These 
differences in men and women can be explained 
by differences in body composition also. We 
believe that the difference between ethnicities 
can also be explained by differences in body com-
position. And by indexing echo measurements to 
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BSA, the ability to detect structural abnormalities 
is reduced in Māori and Pacific peoples. The dif-
ferences seen in this study could also be explained 
by small differences in blood pressure observed 
between the ethnic groups in women (both sys-
tolic and diastolic) and men (diastolic only). But 
if the differences are linked to higher blood pres-
sure in Māori and Pacific peoples, this provides 
even more compelling reason to not minimise the 
structural changes by dividing by BSA. It is unac-
ceptable to apply reference ranges derived from 
one population to all other populations. Without 
appropriate reference ranges, timely and appro-
priate diagnosis and management is potentially 
compromised. In children, a different approach is 
used that measures the deviation from the mean 
(using standard deviations), and although FFM 
has also been shown to be the best predictor of 
heart size in children,3 there is a paucity of data 
with regard to ethnicity and normal heart size in 
children and certainly none in Aotearoa.

Limitations
This study restricted the entry to adults 18–50 

years because the risk of silent CVD increases with 
age, and careful (and potentially invasive) steps 
would have been needed to rule out CVD in older 
participants. This is an area for future research. 

The results may have been influenced by the 
inclusion of overweight individuals. Initially we 
planned to exclude participants with BMI >35, but 
this would have excluded the majority of Pacific 
and some Māori participants. Therefore, a prag-
matic decision was made to exclude participants 
with BMI >40. This also reflects the uncertainty 
of the use of BMI cutoffs in people of different 
ethnicity and different body composition, such 
as both the Māori and Pacific cohorts in the 
study, making the definition of obesity challeng-
ing. Furthermore, this population reflects a real-
world cohort of healthy, younger individuals. 
Similarly, the results may have been influenced 
by physical activity, but self-reported activity 
was not different. Nevertheless, it would be use-
ful to incorporate an objective measurement of 
physical fitness in future research to determine 
whether the increase in heart size seen in this 
cohort is linked to increased physical activity, as 
it has been in athletes in the past. 

The study may be underpowered for some 
measurements and the smaller Māori and Pacific 
cohorts might have resulted in a failure to detect 
small, but clinically meaningful, differences for 

some variables. Nevertheless, the testing of our 
primary hypothesis remains robust. Further-
more, the number of observations over the age 
range presented is at least the same, if not greater 
than, reported in the WASE study.18

Another potential limitation is that measure-
ments were made by one investigator (GAW), but 
this investigator is highly experienced and has 
led CORE lab analysis in several large trials. Mea-
surements were made in random order, blinded 
to the participants’ age, sex and ethnicity. Any 
measurement bias that remains applies to all 
three groups. We are also reassured by the sim-
ilarity between our NZ European cohort refer-
ence limits and those published in the ASE/EACVI 
guidelines,1 and the EchoNoRMAL Collaboration.2

Lastly, it is unclear what the impact of using 
these new ranges will impact on clinical manage-
ment and outcomes: longitudinal data are needed. 
However, it is likely that under-recognition of 
pathology (by “indexing out” abnormalities using 
BSA) has occurred and to avoid this, indexed mea-
surements should be used cautiously until we 
have longitudinal data.

Conclusion
Applying the current international echocardiog-

raphy reference ranges indexed to BSA in Aotearoa 
will under-diagnose cardiac enlargement in some 
Māori and Pacific Island patients, and introduce 
unintentional bias that preferences the detection 
of pathology in NZ Europeans. In other words, the 
application of reference ranges developed in Cau-
casian to Māori and Pacific patients is an exam-
ple of systemic racism. This study highlights the 
need for ethnic-specific normal ranges and high-
lights the unintended consequences that arise 
from using a one-size approach derived from 
European cohorts in different ethnic groups. 
Whilst it may seem ideal to index measurements 
to a measure of body size to enable comparison 
across people of different sizes, this study clearly 
shows there is potential for delayed diagnosis 
if ethnic-specific reference ranges are not used 
and applied. Ultimately, these new reference 
ranges need to be prospectively linked to clinical 
outcomes, but it’s intuitive that if clinicians are 
following clinical guidelines that include linear 
echo measurements, and are making judgements 
about pathology based on international refer-
ence ranges derived from Europeans, misclassifi-
cation is likely in Māori and Pacific peoples. 
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District health board  
engagement with the living  
wage movement: evidence from 
official information requests
Julie Douglas, Heather Came, Leah Bain and Grant Berghan

abstract
From a public health perspective, there is strong evidence that income is a major modifiable determinant of health. District health 
boards (DHBs), who were responsible for providing and/or funding regional health services across Aotearoa, are major employers. 
International literature suggests implementing a living wage strategy can improve health outcomes, contribute until July 2022 to the 
reduction of ethnic health inequities, and is ethical and socially responsible business practice. 
In February 2021, official information requests were sent to all DHBs to determine engagement with the living wage movement. This 
was augmented through a content analysis of publicly available collective employment contracts to benchmark practice.
The review found no DHBs were registered living wage employers, nor is it a requirement of those whom they sub-contract. Two out of 
twenty DHBs are planning to become living wage employers, and several confirmed they were working collectively to improve working 
conditions of lower paid workers. 
This paper makes a scholarly argument for DHBs to commit to becoming living wage employers. As significant regional employers  
this is an opportunity for DHBs to positively contribute to the alleviation of entrenched poverty a modifiable determinant of ethnic 
health inequities. 

Living Wage Aotearoa (LWA) is part of the 
global living wage movement, ensuring 
workers can afford the necessities of life 

and can actively participate in communities.1 
LWA was launched in 2012 by 200 unions and 
community groups working across a bipartisan 
coalition.2 They advocated for a living wage that 
covers food, shelter, utilities, transport, health-
care, childcare, and a small buffer for unfore-
seen events. The calculation assumes two adults 
working for 60 hours per week in total, with two 
children. The living wage is calculated each year 
by the New Zealand Family Centre Social Policy 
Unit, and the living wage hourly rate for 2021/22 
is $23.65.2 The median hourly rate in 2020 for all 
full-time employees was $27.00, but Māori and 
Pacific median rates were significantly lower at 
$24.98 and $24.00, respectively.3

LWA initially prioritised campaigning for the 
living wage within the local government sector. 
They argued that public money should not be 
used to entrench hardship and inequity in soci-
ety.4 Campaigns have been run in Britain where 
procurement, tendering practices for catering and 
cleaning jobs, and collective bargaining within 

public institutions have resulted in the successful 
introduction of a living wage to low paid public 
sector workers.5 

Employers can obtain formal accreditation with 
LWA if they meet criteria focused on the terms 
and conditions of directly and indirectly employed 
workers. Within Aotearoa, more than a hundred 
private and public employers have committed to 
the programme (LWA, 2020). District health boards 
(DHBs) are of strategic importance in terms of 
the living wage movement, as they were major 
regional employers and they, often through their 
sheer size and the unionisation of their workforce, 
set the standard in regional employment condi-
tions. Uptake by major health employers could 
encourage other employers to match this mini-
mum benchmark.

The international literature provides a range 
of evidence to support employers becoming liv-
ing wage employers. Much of the living wage 
work is voluntarily led by union activists, and 
so remains largely unevaluated with gaps in the 
evidence base. Research shows that health gain 
is likely from lifting household income, and that 
paying a living wage could contribute to reduced 
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ethnic inequities. Likewise, engagement with the 
living wage movement is a practical organisational 
demonstration of a commitment to ethical and 
socially responsible business practices. These are 
explored below. 

Income is a key modifiable determinant of 
health6 which is a universal right.7 A World Health 
Organization survey found people in the poor-
est socio-economic status quintile were twice as 
likely to experience poor health than those in the 
wealthiest.8 Eliminating poverty, by implementing 
a living wage policy alongside other system-wide 
initiatives, remains an important public health 
strategy to address health inequities.9 

Some studies have captured specific health 
gains from the introduction of living wage initia-
tives. For example, Landefeld, Burmaster et al10 
found improvements in social status and self-rated 
health with particular improvements for women. 

Decades of inaction on health equity in 
Aotearoa have meant limited improvement in 
Māori health outcomes despite targeted yet ulti-
mately ineffective legislative and policy impera-
tives.11 Systemic policy and practice failure12 have 
heightened persistent ethnic socio-economic dis-
parities.13 Since Māori are over-represented in 
the lowest wage brackets, a living wage initiative 
could contribute to lifting Māori households out 
of poverty within the context of wider concerted 
action around addressing other critical deter-
minants of health and the enduring legacies of 
colonisation. 

Littman14 has demonstrated that living wage-
based procurement policies can impact pos-
itively for some of the lowest paid workers. 
Uptake across the public sector, could therefore 
make a significant long-term contribution to 
addressing health inequities. As DHBs are major 
regional employers, this is likely to provide con-
crete local benefits within their respective dis-
tricts. This would also, in the long term, reduce 
demand on public health services as disease and 
consequences of poverty are reduced. 

In recent years, businesses have become 
increasingly interested in ethical business prac-
tices and corporate social responsibility.15 Becom-
ing a living wage employer is one tangible way 
to demonstrate this social commitment. Proven 
benefits from such moves include reduced staff 
turnover and absenteeism, alongside productiv-
ity improvements, strengthened recruitment and 
organisational reputation.4,16 Haar15 found that 
organisational trust improved even if individual 

worker’s salaries were not raised, and also that 
employees’ attitudes and behaviours improved. 

Accredited living wage employers are required 
to allow unionisation and collective processes, 
which further develop social integration and  
citizenship. These actions and consequences can 
deliver improved economic outcomes for the 
organisation offsetting the upfront wage cost.17 

However, it is also noted that human resource 
practices, including wage-setting, are often applied 
differentially. This results in some groups receiving 
socially responsible human resource management, 
while others experience socially irresponsible 
approaches, resulting in entrenched inequalities 
and the creation of deliberate in-work poverty.18

The health sector is currently being restruc-
tured and reimagined.19 DHBs were dis-estab-
lished and then recreated with the bulk of their 
funding and health delivery functions fulfilled by 
new entities. The Waitangi Tribunal12 WAI 2575 
health sector report directed the Crown and the 
health sector to urgently address systemic ethnic 
health inequities. The adoption of the living wage 
as a minimum requirement in any new entities 
could be an effective contribution to alleviating 
these inequities.

This paper makes the case for major health 
employers to become living wage employers. It then 
presents primary data examining to what extent 
DHBs engaged with the living wage campaign.

Method
Data for this article were collected through 

a narrative review of academic and grey litera-
ture, official information requests to DHBs and a 
content analysis of publicly available collective 
employment agreements. No organisational eth-
ics approval was required for this study. 

The Māori and Pākehā authors have all been 
union members and/or union delegates, with 
three having a professional background in public 
health and one in management studies.

At the time of writing there were twenty DHBs 
providing health services to their respective pop-
ulations. We sent official information requests to 
DHB chief executives in February 2021, asking:

Ultimately, we got a 100% response rate from 
the DHBs but had to lodge a complaint with the 
ombudsman for initial non-compliance with one 
request. The content analysis of DHB collective 
employment contracts was to review the contracts’ 
alignment with living wage salary benchmarks. 
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Findings
We undertook content analysis of the collective 

agreements between the DHBs and the Public Ser-
vice Association (PSA) and E Tū, as major health 
sector unions covering lower-paid workers. The 
current multi-employer collective agreements 
covering clerical and administrative jobs (cov-
ered by the PSA) all had pay scales which were 
above the living wage. However, the collective 
agreements struck between E Tū and the DHBs 
continue to have pay scales below the living wage. 
The nature of the jobs at such levels includes 
orderlies, attendants, cleaners, laundry, kitchen 
hands, carpenters, painters, gardeners, stores and 
drivers, trade assistants and driving services. It is 
unclear how many workers are paid on the scales 
below the living wage.

Of the 20 DHBs, none were accredited living 
wage employers, and none required their contrac-
tors and sub-contractors to pay the living wage. 
Several noted they required procurement con-
tracts to comply with current legislation which 
references the Minimum Wage Act 1983. One 
noted that staff of large on-site contracts are paid 
the living wage or better. 

Seventeen of the DHBs had no plans to become 
living wage employers. One DHB reported that 
only 1.93% of their workforce were earning below 
the living wage in their base salaries, prior to 
allowances and penal rates which were routinely 
paid. Others noted that one group of employees 
had been moved to the living wage, and they were 
awaiting the outcome of a national pay equity 
claim, focused on historically underpaid work-
ers from female-dominated professions, before 
taking further action. One shared they were sup-
porting their workers to attain qualifications 
that would enable progression to higher levels of 
remuneration. 

In response to questions about obstacles to 
become a living wage employer, most DHBs noted 
they were working with multi-employer and sin-
gle employer collective employment agreements 
which were subject to robust collective bargain-
ing processes. Many DHBs repeated the statement 
that “any discussions about the living wage would 
progress in line with government expectations and 
through national discussion with health sector 
unions”. 

Some noted that once 2021 negotiations were 
completed, they expected minimum rates in most 
collectives to be close to or above the living wage. 
This was part of a commitment by all DHBs to 
improve the low wage conditions of their employ-
ees, which for most didn’t require naming it as a 
living wage.

There were three DHBs that were moving 
toward becoming living wage employers. One 
had made the commitment as part of a strategy 
to reduce the gap between the lowest and highest 
incomes. By the end of 2021 they expect to have 
fewer than 2% of staff being paid under the living 
wage. The other had formally endorsed movement 
to the living wage for all current staff through 
collective agreements as part of a wider equity 
framework and state sector pay expectations. 

Another DHB stated they were undertaking 
further analysis before deciding whether to pro-
ceed with the living wage. 

Discussion
Neoliberalism, as embraced by political lead-

ers in Aotearoa in 1980s and 1990s, is based on the 
notion that the market is the most efficient mech-
anism for determining the worth of something or 
someone.20,21 This entails belief that society is a 
meritocracy, where character and tenacity com-
bined with hard work brings success. It includes 
the assumption that society is a level playing field 
with everyone having fair chances to thrive.22 Gir-
oux23 argues this phenomenon is a kind of collec-
tive denial of history and structural discrimination. 

The passing of the Employment Contracts Act 
1991 saw the transformation of employment 
relations. This legislation undermined collective 
bargaining, resulting in fewer multi-employer col-
lective agreements, lowered union membership 
and reduced penal rates24 meaning real reduc-
tions in earnings.

Seeing the rapid increase in inequities across 
New Zealand society, current political leaders 
have distanced themselves from these policies,25 

1. Is your DHB currently a registered living wage 
employer? 
If yes, what factors influenced that decision?

2. Are your contractors/sub-contractors 
currently living wage employers? 
Do you require them to be?

3. Does your DHB currently have plans to 
become a living wage employer? 
If so, can you describe how far you have 
progressed?

4. What do you see as the obstacles to becoming 
a living wage employer?
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but the legacy of decades of unrelenting hardship 
and massive wealth inequities remains. DHBs 
were imagined at the height of neoliberalism as a 
mechanism to contain health spending and with 
an imperative to run as effective businesses.26 Pre-
sumably these imperatives made it difficult to pri-
oritise ethnic pay parity. Research shows that the 
ethnic pay disparities remain entrenched27 with 
fewer than 2.7% of Māori staff earning salaries 
over $100,000. 

A living wage raises workers out of in-work 
poverty, enhances individual dignity and may 
avoid reliance on charity. Increased household 
income lifts all its members to a better stan-
dard of living, reducing poverty-related health 
issues, improving educational achievement, reduc-
ing deprivation, and enabling inclusion and 
citizenship.28 

The living wage requires employers to pay an 
evidence-based fair wage rather than the lowest 
legal possibility, and the current minimum wage 
does not support human flourishing. The purpose 
of the minimum wage was not to reduce poverty 
on its own28 relying instead on other government 
transfers (i.e., accommodation, health, and edu-
cation) to support low-income families. Given 
the antipathy of sections of society fuelled by the 
media towards government top-ups and low-wage 
workers the minimum wage contravenes notions 
of decent work and a just society.29

Most of the DHBs in their responses are reluc-
tant to take any initiative on their own sites and 
are followers of “government expectations”. This 
passive position by most DHBs appears to con-
tradict their own Employment Relations Strategy 
2019–2024 document which states the DHBs are 
committed to “lifting the pay of the low-paid work-
force” and importantly, “reducing poverty and 
inequalities by leveraging our employment foot-
print”.30 The DHBs’ reference to collective agree-
ments suggests they are unable to change the wage 
structures. The two main unions on sites at DHBs 
for non-medical employees, E Tū and the Public 
Service Association, both have a position on always 

presenting a living wage claim in bargaining.
Employers retain control over what step new 

employees begin on and could appoint above or 
at the living wage and in effect make lower rates 
functionally obsolete. While data on the actual 
number of employees on wages lower than the liv-
ing wage were not collected, even small percent-
ages represent individuals and families impacted 
by low incomes and too often in-work poverty. In 
a large workforce this can be a lot of employees.

Conclusion
The literature is very clear that the benefits of 

paying adequate wages to lift workers and their 
families out of poverty results in improvements 
for organisations through stronger commit-
ment, self-esteem, productivity, and a reduction 
in absenteeism. As publicly funded health insti-
tutions DHBs are obliged to concern themselves 
with health outcomes within their region. Article 
three of Te Tiriti o Waitangi further emphasises 
the importance of equity.

Uptake of living wage accreditation within the 
health sector remains low behind other sectors 
within Aotearoa. If all major health employers 
paid living wages and became accredited living 
wage employers, they could be positive role mod-
els for other health sector employers and clearly 
demonstrate their commitment to best business 
practice. This accreditation would also provide 
security for employees, since their wages would 
be protected, and ongoing union involvement 
guaranteed. 

The pending restructuring of the health sector 
signals an opportunity for the lowest wages in the 
sector to be reviewed. The variation across health 
providers may be moderated to contribute to the 
goal of reducing poverty and inequality to be real-
ised. This is an opportunity for significant change 
in the thinking and practices of our health insti-
tutions, both in health delivery and in addressing 
the underlying issue that poor pay is inextricably 
linked with negative health outcomes.
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Diabetes mellitus prevalence in 
Northland New Zealand schizophrenia 
patients on clozapine
Nicole M McGrath, Verity Humberstone, Ashley C Abraham

abstract 
aims: Clozapine is a unique atypical anti-psychotic agent with best efficacy for treatment resistant schizophrenia compared to other 
agents, but with increased metabolic adverse effects. We sought to audit the prevalence of diabetes and pre-diabetes in Northland, 
New Zealand patients on clozapine.
method: We captured all 287 patients in Northland, New Zealand who were prescribed clozapine in September 2021 and obtained 
demographic, clinical and laboratory data.
results: We discovered that 26.48% had diabetes (one patient type one, 75 type two diabetes) and 14.63% had pre-diabetes that 
developed after a median of six years’ clozapine treatment. Diabetes prevalence is approximately 6% in the general population. NZ 
Māori made up 65.85% of the entire cohort (35.8% of the general population) and 85.53% of the diabetes patients. NZ Europeans  
represented most of the remaining 30.66% on clozapine, consistent with the largely bicultural ethnic mix of our region. Māori on 
clozapine were younger: mean age 42 years, compared to NZ Europeans, mean age 49 years. The average BMI was 37kg/m2 for Māori, 
32 for Europeans (range 21–63, SD 8); there was a moderate relationship between clozapine use and increasing BMI (correlation coeffi-
cient of 0.74). For the diabetes patients, glycaemic control was overall suboptimal with a mean Hba1c of 66mmol/mol (range 41–117). 
conclusions: Culturally appropriate, flexible and accessible services which integrate both the mental and physical health needs 
of Northland, New Zealand people with treatment-resistant schizophrenia on clozapine are required to reduce the 41% rate of  
dysglycaemia in this predominantly Māori group.

Insulin resistance of unknown mechanism was 
first reported in patients with schizophrenia 
55 years ago.1 Modern atypical antipsychot-

ics further increase the risk of diabetes through 
multiple mechanisms, but principally weight 
gain via central actions causing changes to leptin, 
adiponectin and ghrelin levels, and peripheral 
inhibition of glucose transport.2,3 Clozapine and 
olanzapine are the atypical antipsychotics with 
the highest risk of causing diabetes.4 Clozap-
ine is unique in that it has superior efficacy for 
treatment resistant schizophrenia (failure to 
respond to at least two antipsychotic medica-
tions over at least six weeks each), and it is the 
only antipsychotic associated with decreased risk 
of attempted and completed suicide.5 Meta-anal-
ysis shows lower long-term all-cause mortal-
ity compared with other antipsychotics, despite 
increased metabolic syndrome.6 Furthermore, all 
patients on clozapine require long-term monthly 
lab tests to check for the rare, but potentially fatal, 
idiosyncratic side effect of neutropenia.7 In New 
Zealand, a database is maintained to ensure all 
patients are monitored; therefore, all patients on 

clozapine in our region, Northland, New Zealand, 
are captured. As well as monthly full blood count, 
the recommendation is that patients on clozapine 
are screened for diabetes with HbA1c at baseline, 
three and six months after commencement of 
clozapine and then yearly. 

Methods 
We evaluated all Northland, New Zealand 

patients receiving clozapine in September 2021. 
We used the clozapine database that is an accu-
rate record of all patients prescribed clozapine in 
our region, hospital and general practice records 
to obtain demographic data, including age, sex, 
ethnicity, duration of treatment; when available 
body mass index (BMI) and change of BMI using 
the formula BMI=kg/m2, where kg is a person’s 
weight in kilograms, and m2 is their height in 
meters squared; co-administration of other anti-
psychotics; HbA1c results close to commence-
ment of clozapine and most recent HbA1c. In 
New Zealand, diabetes is diagnosed with HbA1c 
of 50mmol/mol or greater on two occasions unless 
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symptomatic: pre-diabetes HbA1c 41–49 mmol/
mol. The data analysis was performed in the R 
programming software. Results are reported as 
mean (range; standard deviation). Analysis of 
variance (ANOVA) and Pearson correlation coeffi-
cient was used to compare between two or more 
groups for any quantitative data.

Results
Two hundred and eighty-seven Northland 

patients with schizophrenia were prescribed 
clozapine at the time of the audit. Sixty-five point 
eight five percent were NZ Māori (Māori make 
up 35.8% of general Northland population), and 
30.66% NZ European (NZE); 66.89% were male. 
Māori were younger—mean age 42 years (range 
19–74; standard deviation (SD) 12)—compared to 
NZ Europeans—mean age 49 years (range 17-82; SD 
15). Only 5.23% of the cohort had not obtained an 
HbA1c within the preceding two years. The major-
ity of tests were requested by hospital mental health 
providers rather than through primary care. 

The average current HbA1c of the entire 
cohort was 45mmol/mol (range 27–117, SD 17); in 
Māori the average current HbA1c was 48, in NZE 
40mmol/mol (Figure 1). 

The average HbA1c remained higher for 
females in the ethnicity group compared to males 
(Table 1, Figure 2). 

Twenty-six point four eight percent of the 
cohort had diabetes: one patient had type one 
diabetes diagnosed before commencement of 
clozapine and 75 type two diabetes; an additional 
42 patients (14.63 %) had pre-diabetes. In North-
land’s general population, approximately 6% 
have known diabetes. 

Of the 118 patients with dysglycaemia, 19 
(16.10 %) had diabetes or pre-diabetes at the time 
of commencement of clozapine; all those with 
pre-clozapine diabetes had a confirmed diagnosis. 
For the remaining 99 patients, diabetes/pre-diabe-
tes was diagnosed 1–26 years after starting treat-
ment (median six years; only six patients within 
the first year). For those with diabetes, 85.53% 
were Māori; control was overall suboptimal with 
a mean Hba1c of 66mmol/mol (range 41–117).

BMI data was available for 92% patients with 
diabetes/pre-diabetes. The average BMI was 37kg/
m2 for Māori compared to 32kg/m2 in NZ  
Europeans (range 21–63, SD 8) (Figure 3).

There was a moderate relationship between 
clozapine use and increasing BMI (Pearson’s cor-
relation coefficient of 0.74); however, further 
studies are needed to establish a consistent rela-
tion between increase in BMI with clozapine for 
the Northland population. 

Forty point four two percent of the entire cohort 
were co-prescribed an additional antipsychotic 
agent. Limitations in analysis did not determine 

Figure 1: The box plot representing the HbA1c results in relation to each ethnicity. The dashed line represent the 
average HbA1c results of the entire sample (n =287). 
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Table 1: Descriptive statistics of HbA1c results based on gender between Māori and NZ European.

Ethnicity Average Max Min Standard deviation P value

NZ Māori 48 117 27 18 0.00027

F 50 117 27 21 0.021

M 47 106 28 16 0.0022

NZ European 40 107 28 15 0.00027

F 42 93 29 15 0.021

M 39 107 28 15 0.0022

Figure 2: Average HbA1c in relation to each ethnicity based on gender.

Figure 3: The box plot representing BMI between Māori and NZ Europeans.
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whether the antipsychotic polypharmacy was as 
part of a time limited strategy or a maintenance 
regime. Of concern for 23 patients, olanzapine 
was prescribed with clozapine. Olanzapine has a 
high rate of weight gain and increased risk of dia-
betes. Of the patients prescribed both olanzapine 
and clozapine, four had diabetes, five pre-diabe-
tes which was not an increased risk for dysglycae-
mia compared to the whole cohort. 

Discussion
Forty-one percent of Northland schizophre-

nia patients on clozapine have either diabetes or 
pre-diabetes. The majority have type two diabetes, 
are obese and have poor glycaemic control. Māori 
are vastly over-represented and develop diabetes 
at a younger age than NZ Europeans. Given these 
results, the choice of clozapine does not appear to 
be influenced by pre-existing metabolic status, but 
rather on psychiatric indications. Our results are 
similar to a 21-year American study of 96 patients 
that showed a 43% rate of diabetes particularly in 
Hispanic and African Americans on clozapine.8 

There are challenges to ensuring appropri-
ate physical healthcare for patients with severe 
schizophrenia. Persistent psychotic symptoms 
can impact on the ability of patients to trust and 
engage with healthcare providers. The symp-
toms can also have an impact on the ability of the 
patients to engage with healthy lifestyle advice, 
or follow treatment plans involving adherence to 
complex medication regimes or monitoring blood 
glucose levels at home. 

Working with primary care to try and ensure 
all patients on clozapine have a general practi-
tioner is imperative. Unfortunately, a significant 
number of patients prescribed clozapine either 
are not enrolled in primary care or have not seen 
a general practitioner for over one year. Currently 
a pilot project is occurring with a community sup-
port worker attached to Te Roopu Whitiora, Māori 
mental health team Whangārei to try and practi-
cally help people with severe mental illness enrol 
and attend primary care and other specialists’ 

reviews. Health improvement practitioners are 
attached to some primary care practices, and have 
a very broad brief involving health and wellbeing 
when a general practitioner wants additional sup-
port for a patient with mental health concerns.  
These could be an avenue to improve outcomes 
for people on clozapine who are engaged with pri-
mary care. 

Northland nationally has a high proportion 
of people who are classified as being in the most 
deprived economic conditions. This directly 
impacts on access to healthy food options and pri-
mary care.9 Māori and people with severe men-
tal illness are more likely to experience social and 
economic deprivation. 

Prevention of weight gain and weight loss 
strategies remain the priority for dealing with 
the adverse metabolic effects of clozapine and 
targeted intervention is required. GLP-1 agonists 
have only recently become funded in New Zea-
land and studies have shown they are likely to be 
the agent of choice after metformin.10 

The increased percentage of Māori versus 
non-Māori prescribed clozapine can be seen as 
a proxy measure for an increased risk of severe 
schizophrenia in the Māori population. Although 
treatment resistant illness is associated with an 
increased risk of certain copy number variants 
there are also environmental risk factors asso-
ciated with social deprivation that dispropor-
tionately affect Māori. Duration of untreated 
psychotic illness and the number of severe acute 
relapses contribute to persistent psychotic symp-
toms which require clozapine. 

Culturally appropriate, flexible and acces-
sible services which integrate both the mental 
and physical health needs of people with treat-
ment-resistant schizophrenia are required. This is 
consistent with Māori models of healthcare such 
as Te Whare Tapa Whā.11 Determining success-
ful local strategies to optimally manage the phys-
ical health of this vulnerable group will involve 
review of “successful” patients who have man-
aged to avoid weight gain and the development of 
dysglycaemia.
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Can physical activity  
be simplified for health benefit? 
Chey G Dearing, Carl D Paton

abstract
aim: Physical activity (PA) offers protective benefits against at least 25 chronic conditions including psychological stress. The health 
benefits of PA may be largely attributed to improvements in cardiorespiratory fitness (CRF). However, current guidelines based on 
PA duration and intensity are controversial, and both are prone to measurement error. We designed a New Zealand specific physical  
activity frequency and type (PAFT) question, our aims were to examine if PAFT could predict CRF and psychological stress status. 
methods: In experiment one, 20 subjects who regularly perfumed vigorous type PA completed PAFT prior to World Health  
Organization (WHO) recommended cardiorespiratory fitness (CRF) (VO2Peak) estimation in a controlled exercise laboratory. In exper-
iment two, 81 subjects completed PAFT and a reliable validated measure of stress (the ten-item Perceived Stress Scale (PSS-10)). 
results: Vigorous type PA frequency had a strong association (R2=0.71, p<0.01) with VO2Peak and was also the most significant 
(p<0.01) predictor of low stress.
conclusions: A simple quick PA type and frequency question predicts CRF and stress status. PA duration and intensity are not 
required to estimate the health benefits of PA. Two vigorous type PA activities per week can be recommended as a minimum PA dose 
to decrease risk of stress in similar populations.

Physical activity (PA) imparts clear health 
benefits and reduces risk (20–30%) of 25 or 
more chronic physical and mental health 

conditions.1–3 PA is multi-faceted and can be 
characterised by several components: type, fre-
quency, duration and intensity. There is a lack 
of knowledge and much controversy regarding 
how individual PA components combine to influ-
ence health. As weekly PA duration increases, 
all-cause mortality risk decreases in a non-linear 
relationship.2–4 However, PA duration and risk 
varies by condition: 500 minutes of moderate 
intensity PA per week appears to be required for 
the largest observed decrease in cardiovascular 
disease risk, while greater than 1,200 minutes at 
the same PA intensity is required for the largest 
observed decrease in all-cancer risk.4 While long 
PA duration is associated with the lowest mortal-
ity risk, the largest risk reduction is paradoxically 
observed at very low PA duration.2,4 Essentially, 
the largest health benefit from PA is observed 
when “doing nothing” is compared with “doing 
something”. One such benefit of regular PA is that 
it decreases psychological stress,5 which can be 
defined as an individual’s perception that their 
own personal capacity to cope with their envi-
ronmental demands has been exceeded.6 Psy-
chological stress is itself associated with many 
physical diseases,6 and in New Zealand psycho-
logical distress measures are worsening.7 Psycho-

logical distress measures have also been recently 
compounded by the COVID-19 pandemic.8 During 
COVID-19 restrictions, those who reported a 
reduction in PA behaviour reported significantly 
poorer mental health and wellbeing in New Zea-
land.8 PA advice that can be provided to reduce 
and or limit stress and other health conditions is 
important for health in New Zealand. 

The health-related components of physical fit-
ness are cardiorespiratory fitness (CRF), muscular 
endurance, muscular strength, body composition 
and flexibility.9 While all components are import-
ant, CRF has recently become the most valid vital 
sign for general health and function.3,10,11 CRF is 
reliant on the contemporaneous performance of 
the respiratory, cardiovascular and musculoskele-
tal systems. When compared with traditional risk 
factors, CRF is the best single predictor of health 
outcomes in both healthy and clinical popula-
tions.3,11 The World Health Organization (WHO) 
have long recommended cardiopulmonary exer-
cise testing (CPX) as the gold standard method to 
assess CRF, as it allows direct measurement of 
VO2Peak.

12 However, this is labour intensive, requir-
ing a specialist exercise laboratory with advanced 
gas analysis equipment, trained personnel and 
subjects motivated to exercise until exhaus-
tion. VO2Peak can also be estimated via self-report 
questionnaires, which are a common method of 
measuring PA. However, when used to classify 
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subjects into just three CRF categories determined 
by the gold standard method, questionnaires will 
misclassify approximately half of all individuals.13 

This may be related to the quality of assessing PA 
duration and intensity from questionnaires which 
is particularly prone to error.14 There is a need for 
self-reporting PA instruments that demonstrate 
good agreement with gold standard VO2Peak. 

PA guidelines for health in New Zealand are 
based on PA duration and intensity.15 The guide-
lines recommend a minimum weekly PA dose of 
150 minutes of moderate, or 75 minutes of vig-
orous, PA, and suggest aiming for 300 minutes 
of moderate, or 150 minutes of vigorous, PA for 
“extra health benefits”. In contrast, the WHO16 
recommend that extra health benefits only occur 
at greater durations than these. PA duration and 
intensity differences are also apparent in recom-
mendations from 23 European Union countries.17 
While all official guidelines contain a minimum 
weekly duration PA recommendation, these lack a 
robust evidence base. PA durations substantially 
below official recommendations show health ben-
efits.2,4 Many guidelines also recommend a mini-
mum timeframe (often 10–15 minutes) for a single 
PA bout.17 However, recent evidence suggests 
shorter duration single PA bouts are equally effec-
tive.18 PA intensity is the most controversial of all 
PA components. Firstly, even highly objective PA 
intensity measurements such as the same per-
centages of VO2Peak or maximal heart rate result in 
substantially different individual metabolic and 
cardio-circulatory responses.19 Secondly, improv-
ing VO2Peak is shown to be possible from PA ses-
sions that use a single 20–30 second bout at very 
high (sprint) intensity, and the largest improve-
ments may occur with fewer (2–3) such bouts 
compared with more bouts per session.20 Official 
PA guidelines are thus questionable, and may 
even be counter-productive by creating unnec-
essary barriers for some individuals.1,2 For many 
health outcomes in many populations, PA type, 
frequency, duration and intensity thresholds to 
offer benefit remain unclear.

Current PA questionnaires are limited because 
they demonstrate particularly poor agreement 
with VO2Peak (R2=0.25–0.70).13 As PA duration and 
intensity are both controversial and particularly 
prone to bias from questionnaires, we sought to 
examine if PA type and frequency alone could be 
useful to estimate CRF and health. We aimed to 
take a single question from a validated and reli-
able questionnaire, modify the PA types to match 
our local New Zealand populations PA prefer-

ences, and then to test the question. Specifically, 
we aimed to examine the associations between PA 
type and frequency data obtained from this one 
question with gold standard VO2Peak and perceived 
stress. If such a question can predict VO2Peak and 
stress, it may provide a simple guide for monitor-
ing CRF and health in New Zealand populations. 
Additionally, it may encourage further research 
in designing a PA questionnaire that can reliably 
estimate VO2Peak.

Material and methods
Physical activity frequency and type 
(PAFT) question 

Question two from the validated and reliable 
five item physical activity questionnaire21 was 
modified for the categories of PA. The categories 
of PA were initially chosen from the long forms of 
validated New Zealand Physical Activity Question-
naire (NZPAQ-LF). Categories were then refined 
during a test of the questionnaire on a small sam-
ple of 10 local residents. Five categories were 
moderate intensity PA and five were vigorous 
intensity PA, as defined by New Zealand guide-
lines. The final question contained 11 categories 
of PA. Each category uses a five-point Likert scale, 
categorised as “7 or more times/week”, “5–6 times/
week”, “3–4 times/week”, “1–2 times/week”, and 
“0 times/week”. The last category was the number 
of days per week with no PA, which also served as 
a cross-check answer validity check. The 11 cat-
egories of PA are scored as 7, 5.5, 3.5, 1.5 and 0, 
respectively. The sum of the first 10 items is used 
to calculate a total PA frequency score (PAFAll), a 
measure of total weekly moderate and vigorous 
PA frequency. A total PA vigorous score (PAFVig) 
was also calculated from the sum of the five vigor-
ous PA activities. PAFVig is the number of total vig-
orous PA activities per week. The units for PAFAll 
and PAFVig are activities per week (AW). Activity 
days were also recorded as the reverse score of 
the last category. 

Experiment 1  
PAFT as a predictor of VO2Peak

PAFT was completed by 20 subjects immedi-
ately prior to VO2Peak testing. The cohort consisted 
of males (n=16), and females (n=4). Inclusion cri-
teria of subjects were a resident of Hawkes Bay, 
willing and capable of performing VO2Peak testing 
to exhaustion and free from injury and illness, 
and who was regularly performing vigorous 
style PA. Subjects completed a maximal cycling 
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or running test dependent upon their personal 
preference. All testing was conducted in an envi-
ronmentally controlled laboratory (temperature 
20±°C: relative humidity 36±4%). Prior to testing 
all subjects completed a 10 minute warm-up at a 
self-selected submaximal intensity.

Runners completed the test using a motorised 
treadmill (Cosmos pulsar 3p) with a gradient fixed 
at 1%. The maximal incremental test commenced 
at 8km/h and increasing by 1km/h each minute 
until subjects reached volitional exhaustion. 

Cycling tests were performed on a calibrated 
Velotron Dynafit Pro cycle ergometer (RacerMate 
Inc., WA, USA). Subjects completed a maximal 
incremental test commencing at 75W with power 
output increasing at a rate of 25W·min−1 until the 
cyclist reached volitional exhaustion.

All participants achieved minimum test dura-
tion of eight minutes. Respiratory gases were 
continuously measured with a metabolic cart 
(Metalyser 3B, Cortex, Leipzig, Germany) cali-
brated in accordance with the manufacturer’s 
instruction using Alpha gas standards. VO2Peak 

was determined as the highest 30s oxygen uptake 
value recorded during the incremental test. 

Experiment 2 PAFT as a predictor of 
perceived stress

Experiment two subjects were invited to par-
ticipate in this study via posters and social media 
placed at the lead researchers’ tertiary institu-
tion between February 2019 and December 2019. 
All subjects who consented completed the PAFT 
question followed with the ten item perceived 
stress scale (PSS-10).22 Exclusion criteria were (1) 
a current residential address other than Hawkes 
Bay, (2) any data missing on any question on 
either of the two questionnaires, and (3) a lack of 
agreement between the first 10 categories of PA 
and the last reverse scored PA category. 

The PSS-10 is a validated tool to measure per-
ceived psychological stress over the preceding 
four weeks in many populations.23 The PSS-10 
was used to calculate a stress score as previously 
described.22 Individual PSS-10 scores within the 
0–13 range are considered low stress, the 14–26 
range is considered moderate stress, while over 
27 is considered high perceived stress. 

Statistics
All variables were tested for Gaussian dis-

tributions with D’Agostino-Pearson normality 
omnibus K2 test to determine parametric statistic 
suitability. Correlation and regression were both 

performed to establish the relationship between 
VO2Peak and PAFAll, PAFVig and activity days. One 
way ANOVA followed by post hoc Tukey was used 
in the following comparisons: (1) subjects were 
divided into low moderate and high stress groups 
(see PSS-10 above) and compared for age, activ-
ity days, PAFAll, PAFVig, and (2) subjects were com-
pared for PSS across four groups based on the 
number of days of exercise per week (7 days, 6 
or 5 days, 4 or 3 days and 2 or fewer days). The 
unpaired t-test was used in the following com-
parisons: (1) tertiary students were compared 
with non-tertiary students for age, activity days, 
PAFAll, and PAFVig. Low stress and high/moder-
ate stress groups were examined for association 
using Pearson’s Chi-squared test for identifying as 
a tertiary student or a specific gender. Receptor 
operating characteristic (ROC) analysis was used 
to examine if PSS could be predicted by activity 
days, PAFAll, PAFVig. The data was analysed and 
graphs constructed using Prism (Prism, Version 
4.0 GraphPad Software, San Diego, CA, USA, www.
graphpad.com).

Ethical approval
This study was approved by the local Research 

Committee on 11/12/2018 Reference (REF 18/17).

Results
Experiment one

Twenty subjects (mean ± SD age 41±8y; weight 
72±11kg; height 176±11cm) volunteered for max-
imal aerobic testing and competed PAFT. PAFVig 
scores (mean ± SD age 5.9±2.8) correlated (r=0.68, 
p=0.002) with VO2Peak (mean ± SD 57.5±9.1ml.kg-1), 
while PAFAll did not. Activity days also correlated 
(r=0.71, p=0.002) with VO2Peak; however, 65% of 
these subjects all recorded five or six days of 
activity per week limiting interpretation. A cur-
vilinear relationship (Figure 1) best described 
the VO2Peak PAFVig association. 

Experiment two
Eighty-seven subjects initially completed both 

PSS and PAFT. Six subjects were excluded as PAFAll 
or PAFVig were incompatible with activity days. 
Correlations between activity days and PAFAll 

(r=0.55, p<0.001) and PAFVig (r=0.40, p<0.001) pro-
vided a measure of cross-check answer validity. 
Tertiary students (n=44) compared with non-stu-
dents were younger (p<0.001) (mean ± SD years 
27.4±8.5 vs 45.5±14.5), reported greater (p<0.001) 
stress (20.7±5.6 vs 12.2±7.5) less (p=0.004) activ-
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ity days (1.2±1.5 vs 2.3±1.9), lower (p=0.001) PAFAll 

(6.5±4.7 vs 11.4±6.7), and lower (p=0.001) PAFVig 

(6.5±4.7 vs 11.4±6.7). See Table 1.
To examine associations with categorical vari-

ables, high and moderate stress groups were com-
bined into one higher stress group because a lack 
of subjects with high stress (n=8) prevented mean-
ingful statistical analysis. Only identifying as a 

tertiary student (p<0.001, Chi-squared=34.72) was 
positively associated with higher stress.

PAFAll and PAFVig were examined as predictors 
of PSS using linear regression. PAFAll (R2=0.09, 
p=0.009) and PAFVig (R

2=0.12, p=0.002) explained 
only approximately 10% of the variance in PSS 
scores. Activity days was associated with per-
ceived stress (Figure 2).

Figure 1: Maximal oxygen consumption vs PAFVig (n=20).

Activity days (the number of days subjects performed a minimum of one session of physical activity per week) are compared for 
PSS Score. Lines are Mean and 95% CI. Post hoc analysis (Tukey’s Multiple Comparison Test) revealed only 7 days vs 3 or 4 days 
(p<0.01) and 7 days vs 2 or fewer days (p<0.01) were different between groups. 

Table 1: ANOVA results from subjects grouped by stress level. 

One way ANOVA 
results

Low stress

(n=30)

Moderate stress

(n=43)

High stress

(n=8)

p F Mean Std. dev. Mean Std. dev. Mean Std. dev.

Subject age 
(y)

<0.001 12.65 45.4 15.4 30.7 11.8 28.0 10.9

PAFDays 0.007 5.23 5.9 1.3 4.9 1.8 4.0 2.1

PAFAll 0.019 4.17 11.7 6.6 7.4 5.7 8.8 8.0

PAFVig 0.076* 2.66 4.3 4.4 2.3 3.8 1.6 2.7

Table 1 compares study variables for stress categories and presents means values and standard deviations for the subjects by 
stress category. 
* not significant
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ROC analysis revealed that activity days, PAFAll 

and PAFVig were all predictive of low stress in 
this population (Table 2). Several cut-off thresh-
olds were available for PAFAll and PAFVig. A PAFVig 
score of two has a sensitivity of 60.0% (95% CI 
40.6% to 77.3%) and a specificity of 70.4% (95% 

CI 56.4% to 82.0%) to predict low stress. A PAFAll 
score of eight has a sensitivity of 62.5% (95% CI 
43.69% to 78.9%) and a specificity of 74.1% (95% 
CI 60.4% to 85.0%) to predict low stress. 

Figure 2: Exercise frequency and stress.

The relationship between maximum oxygen consumption and PAFVig is shown. Equation; Polynomial: Second Order (Y=A+B*X-
+C*X2) Best-fit values (A=26.31, B=10.03, C=-0.6552) 95% Confidence Intervals (A 14.23 to 38.39, B 5.646 to 14.41, C -1.018 to 
-0.2927).

Table 2: ROC area under the curves for activities that are significant independent predictors of low stress.

Test result 
variable(s)

Area Significance
95% Confidence interval

Lower bound Upper bound

PAFAll 0.689 0.004 0.573 0.806

PAFVig 0.702 0.002 0.588 0.816

Active days 0.673 0.009 0.558 0.789

Active days = number of days per week with a minimum of one session of physical activity.

Table 2 displays ROC area under the curve, significance and confidence intervals for activities that are significant independent 
predictors of low stress.
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Discussion
We sought to examine if questions on PA type 

and frequency alone could be used to estimate 
CRF and stress. We modified a single question 
from a validated and reliable questionnaire, to 
match our local populations PA frequency and 
type preferences. We then examined this PAFT 
question in two local populations. Vigorous style 
PA as estimated by the novel PAFVig from PAFT had 
a strong association (R2=0.71, p=0.001) with VO2Peak 
determined by the WHO recommended method 
in the first population. PAFVig was also the most 
significant predictor (ROC area 0.70, p=0.002) of 
low stress in the second population. ROC anal-
ysis identified that two vigorous PA sessions or 
eight moderate PA sessions per week can be rec-
ommended as thresholds to decrease the risk of 
stress in this and similar populations. 

The strength of our study is that we used direct 
CPX which is the gold standard WHO approach to 
assessing CRF and allowed us direct measurement 
of VO2Peak.

12 This is now considered the most valid 
vital sign for general health and function.3,10,11 The 
method is labour intensive and only 20 subjects 
were assessed which may be considered a limita-
tion. Nevertheless, the use of CPX does give PAFT 
a measure of validity that is rare in PA question-
naire validation. PAFVig agreement with VO2Peak 

(R2=0.71) compared well (R2=0.25–0.70) with exist-
ing PA questionnaires.13 Therefore, we suggest 
that it is not necessary to estimate PA intensity and 
duration as specific questions in order to predict 
PA health benefit. Additionally, we believe PAFVig 
may offer less bias as a PA metric as it is estab-
lished that PA duration and intensity from ques-
tionnaires is particularly prone to this error.14 
Also, the controversies of minimum single PA 
bout durations18 and intensity20 are removed with 
PAFVig. PAFVig appears to offer potential as a useful 
and particularly simple prescription for PA. 

Age, tertiary study, PA frequency and type were 
all factors associated with increased psychologi-
cal stress in our study population. The percep-
tion of psychological stress is markedly higher in 
younger individuals and those undergoing ter-
tiary study compared with other individuals in 
the studied population. Unfortunately, the size of 
this exploratory study did not allow separate anal-
ysis of these groups. However, we should note this 
is an important finding, as psychological stress 
encountered when young appears to impart an 
increased risk of chronic diseases of ageing.24 The 
younger subjects in this study may be at higher 

risk many physical diseases.6,25,26 A growing body 
of evidence27 demonstrates that stress is a major 
concern with higher education students. Strategies 
to reduce stress in younger individuals undertak-
ing tertiary study would likely benefit long-term 
health outcomes. 

Our study supports that regular PA partici-
pation decreases stress, which is similar to con-
sensus.5,28 However, only approximately half of 
studies suggest that higher PA or higher CRF lev-
els are associated with attenuated responses to 
psychosocial stress.28 As such, there is little con-
sensus on which types of exercise have the stron-
gest impact on psychological stress.5 We found 
that PAFVig were associated with a more profound 
reduction in stress when compared with PAFAll. 
Additionally, we found that the greater number 
of sessions per week that an individual performs 
PAFVig activities is also associated with increased 
reductions in perceived stress. We suggest that a 
reduction in stress with increased PAFVig may be 
directly related to increases in VO2Peak. It is inter-
esting to speculate that the optimum dose of PA 
to reduce stress may in fact be the same dose that 
improves VO2Peak. This would support the grow-
ing consensus that VO2Peak is an important health 
variable.3,10,29 One limitation is that health bene-
fits from PA are specific to the population stud-
ied,5 and to the health outcome being measured. 
Indeed, given that that the tertiary students com-
pared to other subjects reported significantly 
greater stress (mean ± SD 20.7±5.6 vs 12.2±7.5) the 
levels of PA to reduce risk of stress may only be 
consistent with our specific population.

Our findings suggest that simple frequency PA 
information can be used to estimate both CRF and 
health. PA frequency recommendations appear 
simple when compared with the minimum 75 
minutes of vigorous physical activity, or 150 min-
utes of moderate PA durations recommended by 
many official guidelines. We suggest that two vig-
orous PA style sessions per week with no bout 
duration limit may be a simple recommendation 
for improving CRF and health. For extra health 
benefit, this may be increased into the range of 
5–8 vigorous PA sessions per week which appears 
to be associated with the highest VO2Peak in our 
current study. We suggest future research should 
focus on the relationships between PA frequency 
and all five components of physical fitness for 
health. If this valid, easy-to-use, rapid assessment 
of PA can be used with a wide range of patient 
populations, it may benefit many health profes-
sionals and their patients.
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Revised Guidelines for smoking 
cessation in New Zealand, 2021
Jessica McCormack, Natalie Walker, Hayden McRobbie,  
Karen Wright, Vili Nosa, Basil Fernandes, Chris Bullen

abstract
aims: To summarise the literature underpinning key recommendations made in the 2021 revision of the Ministry of Health’s  
New Zealand Guidelines for Helping People to Stop Smoking.
methods: A comprehensive literature review of smoking cessation interventions was undertaken in July 2021. Recommendations 
were formulated from the findings of the literature review and expert advice.
results: Healthcare professionals should ask and briefly advise all people who smoke to stop smoking, regardless of whether 
they say they are ready to stop smoking or not. They should offer smoking cessation support, which includes both behavioural and  
pharmacological (e.g., nicotine replacement therapy, nortriptyline, bupropion or varenicline) interventions. The Guidelines also 
include advice around the use of vaping in smoking cessation. Recommendations are also formulated for priority populations of  
smokers: Māori, Pacific, pregnant women, and people with mental illness and other addictions.
conclusions: The guidelines will assist healthcare professionals in providing evidence-based smoking cessation support to people 
who smoke. To be effective and equitable, the ABC model requires organisational commitment, integration into routine practice, and 
increased attention to the upstream determinants of smoking and quitting.

Helping people who smoke tobacco to quit 
is an important strategy towards achiev-
ing New Zealand’s smokefree 2025 goal,1 

and in improving health equity. In 2021, the Min-
istry of Health published The New Zealand Guide-
lines for Helping People to Stop Smoking: 2021 
Update to contribute to this high-priority strategy 
by providing health workers with the information 
they need to encourage people to stop smoking.1 
In this paper, we summarise the 2021 Guidelines 
and outline the process of developing them.

Methods
Guidelines development process

New Zealand’s guidelines for stopping smok-
ing were first published in 1999, with revisions in 
2002, 2007 and 2013. The current (2021) update 
was prompted by substantial changes to the New 
Zealand tobacco environment; specifically, the 
increased availability and use of vaping devices 
(e-cigarettes), new evidence on the effectiveness 
of smoking cessation treatments, amendments to 
the Smokefree Environments and Regulated Prod-
ucts Act 1990, and the development of the Action 
Plan for Smokefree 2025. 

Literature review
The guideline development process included an 

updated literature review (January 2014 to March 

2021). We sought evidence on the following inter-
ventions: nicotine replacement therapy, pharma-
cotherapy, e-cigarettes and heat-not-burn products, 
alternative therapies (e.g., acupuncture, hypno-
sis), behaviour/psychosocial interventions, and 
community-led smoking cessation programmes. 
Population level interventions and oral tobacco 
products were excluded. Sources included the 
Cochrane Database of Systematic Reviews, PubMed 
and PsycINFO databases and the US Preventive 
Services Task Force report on Tobacco cessation2 
(N=45). Additional evidence from high-quality ran-
domised control trials (RCTs) was sought where 
no meta-analyses or systematic reviews existed 
on a topic. Where available, we report long-term 
smoking abstinence rates; that is, verified contin-
uous smoking abstinence over a period of at least 
6-months from the stop-smoking date. 

Findings
Key changes from previous guidelines

The basis for the 2021 Guidelines continues to 
be the ABC pathway (Figure 1). The guidelines  
differ from the 2013 version in the following ways: 

• inclusion of evidence about vaping as a 
cessation tool, 

• updated information about other approaches 
that people may use to try to quit, 

• risk ratio with 95% confidence intervals 
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reported, and the number of studies and 
number of participants, contributing to the 
evidence where available, 

• inclusion of information on barriers and 
facilitators for smoking cessation that might 
affect individuals, 

• use of GRADE system for guiding 
recommendations about the quality of 
evidence wherever possible and a new 
approach to signal the strength of the 
evidence. 

Providing behavioural support
Behavioural support involves targeted activi-

ties designed to maximise motivation to remain 
smokefree, minimise motivation to smoke, 
enhance the skills and capacity needed to avoid 
and resist urges to smoke, and optimise effective 
use of stop smoking medication.3 Behavioural 
support can increase long-term smoking cessa-
tion, both with and without pharmacotherapy.4 
Network meta-analysis suggested that the com-
ponents with the most benefit are “counselling of 
any kind, guaranteed financial incentives for quit-
ting, and text-messaging based delivery”.4 

Brief advice
Brief advice can have a large impact at the 

population level due to the potential reach of the 
intervention. Brief opportunistic advice from a 
doctor increases the rate of quitting by 76% com-
pared with doing nothing,5 with similar findings 
reported for nurses, community pharmacists, and 

oral health workers.4 More intensive advice (>20 
minutes) and the addition of follow-up are more 
effective than minimal advice.3,5,6 Brief advice 
should ideally be combined with an offer of cessa-
tion support because offering cessation support is 
more effective than simply giving brief advice;4,7 
both should be regarded as best practice for all 
health professionals.

Counselling
Counselling can be delivered face-to-face, over 

the phone, via real-time video-counselling, indi-
vidually or in a group. There is no evidence that 
any one method is better than another.4 Com-
pared to controls (i.e., usual care, brief advice, 
and self-help) counselling increases long-term 
abstinence by more than 50% for individual 
and group counselling, and almost 40% for tele-
phone counselling.4 The New Zealand Quitline  
(https://quit.org.nz/) is an example of a telephone 
counselling service that has been shown to be 
effective, and that has expanded its range of 
modalities to include text messaging and online 
support.8 More intensive counselling is more 
effective in increasing long-term abstinence than 
less intensive counselling.9 

Technology-based support
Internet-based interventions—includes web 

pages (e.g., online self-help guides, user forums 
and blogs) and social media platforms.10 Inter-
net-based interventions that are tailored and inter-
active have been shown to increase long-term 

Figure 1: The ABC pathway.
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abstinence rates compared to self-help guides or 
usual care; however, the effect is small, and should 
be interpreted with caution.10 There is no evi-
dence of benefit for internet-based interventions 
compared to active controls (e.g., counselling).10

Automated text messaging support—delivers 
a mix of information, advice, and motivational 
messages. Text messaging support increases long-
term abstinence rates by 54% compared to min-
imal support controls.11 When added to other 
smoking cessation support (such as counselling 
and pharmacotherapy) text messaging support is 
more effective than other smoking cessation sup-
port alone.11 No difference was found for high-fre-
quency versus low-frequency text messaging.11

Smartphone applications—have been trialled 
in providing smoking cessation support; however, 
there is insufficient evidence of their effective-
ness and further evidence from RCTs is needed.11

Providing stop-smoking medicines
Nicotine replacement therapy

When compared to controls, nicotine replace-
ment therapy (NRT) can improve long-term absti-
nence rates by around 50%, regardless of the type 
of NRT.12 Higher-dose NRT products are more 
effective than lower-dose products (e.g., 42 mg 
patch versus 14mg patch).13 Most people should 
use NRT for 8 to 12 weeks. A small number of 
smokers may need to use it for longer; however, 
there is insufficient evidence that long-term NRT 
use is more effective than short-term use.13 NRT is 
effective at helping people reduce the number of 
cigarettes they smoke before stopping. This is an 
effective method of stopping smoking long-term, 
and improves long-term abstinence compared to 
standard NRT use by 25%.13 NRT use is associated 
with an increased risk of chest pains that are cat-
egorised as “cardiovascular adverse events” com-
pared to placebo, but not with an increased risk of 
serious cardiovascular effects.14 

Partial agonists
Varenicline, a nicotinic acetylcholine recep-

tor (nAChR) partial agonist, helps people to stop 
smoking primarily by reducing the severity of 
tobacco withdrawal symptoms, but it also reduces 
the rewarding properties of nicotine. Long-term 
abstinence rates when using varenicline more 
than double, compared to a placebo.15 Vareni-
cline is more effective than other smoking cessa-
tion medications including bupropion and NRT.15 
There is a 25% increase in the risk of serious 
adverse events when using varenicline compared 

to placebo; however, the adverse events include 
comorbidities or illness events (e.g., cancer diag-
nosis) not considered to be associated with the use 
of varenicline.15 There is no evidence to suggest 
increased risk of cardiovascular events or neuro-
psychiatric events.15

Cytisine is a plant-based alkaloid that works 
in a similar way to varenicline by reducing the 
severity of cravings and the reward properties 
of nicotine.15 Although there is good evidence 
for cytisine’s efficacy and effectiveness, it is not 
yet licensed for use in New Zealand. If approved, 
cytisine has potential to be highly acceptable, par-
ticularly to Māori, because of its presence in the 
kōwhai tree.16 Cytisine is more effective than pla-
cebo in increasing long-term abstinence rates.15 
Two New Zealand non-inferiority trials compar-
ing cytisine to varenicline17 and cytisine to NRT18 
found cytisine was just as effective in increasing 
long-term abstinence. Cytisine is well tolerated: 
participants taking cytisine were less likely to 
report adverse events, such as nausea, than those 
taking varenicline,17 but studies with longer fol-
low-up are needed.6 

Antidepressants
Bupropion, an atypical antidepressant, helps 

people to stop smoking by reducing the severity 
of withdrawal symptoms. Bupropion is as effec-
tive as NRT and nortriptyline but less effective 
than varenicline. Bupropion improves long-term 
abstinence rates by 64%, compared to a pla-
cebo.19 A large multi-site RCT (N=8,144) found no 
increase in psychiatric adverse events in people 
using bupropion compared to placebo, regardless 
of diagnosis.20

Nortriptyline, a tricyclic antidepressant, helps 
people to stop smoking by reducing the severity 
of withdrawal symptoms. Nortriptyline improves 
long-term abstinence, compared to a placebo.19 
In studies comparing nortriptyline to bupropion, 
there was no significant difference in quit rates.19 
There is insufficient evidence on adverse events,6 
but there are a number of contraindications and 
precautions with its use.

Combining smoking cessation 
interventions

In most cases, behavioural support and phar-
macotherapy are most effective when delivered 
together.9,21 Combined behavioural treatment 
and pharmacotherapy (in most studies, NRT) 
increases long-term abstinence rates by 83% com-
pared to usual care, brief advice, or less intensive 
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behavioural support.21 There is also evidence that 
combining pharmacotherapies improves smok-
ing cessation outcomes. For example, combin-
ing patch with a faster-acting gum or lozenges 
increases long-term abstinence by 25% compared 
with a single NRT product.13 There are no safety 
concerns with combining NRT products compared 
to single NRT. Using varenicline in combination 
with NRT may improve long-term abstinence 
compared varenicline alone, although more evi-
dence is needed.22 

Vaping products
Vaping products (electronic cigarettes, also 

known as e-cigarettes or vapes) are electronic 
devices that heat a liquid to form an aerosol inhaled 
by the user. Vaping liquids often contain nicotine. 
Vaping products containing nicotine are effective 
in increasing long-term quit rates by 69%, com-
pared to NRT, and by 71% compared to non-nico-
tine vaping products.23 Nicotine-containing vaping 
products more than double long-term abstinence 
compared to behavioural support; however, esti-
mates should be interpreted with caution.23

In New Zealand, vaping products are not 
licensed medicines or devices, but they are regu-
lated tobacco products subject to smokefree provi-
sions and prohibition of sale to minors. They are 
a less harmful way of delivering nicotine when 
compared to traditional cigarettes, but they are 
not harmless. They produce a range of toxicants, 
including some carcinogens, but the literature 
points to these generally being at much lower levels 
than those found in cigarette smoke and less likely 
to cause harm.24,25 Available evidence suggests that 
risk of adverse events is no different from NRT; 
however, more long-term (>12 months) follow-up 
data are needed.23 Vaping products are typically 
used over a longer time than most smoking cessa-
tion medications (e.g., 12 weeks)8 so more informa-
tion is needed about the health effects of long-term 
use. They may have a particular appeal to people 
who have had difficulty quitting with conventional 
support, both because of their favourable pricing 
compared to cigarettes and behavioural replace-
ment characteristics.

Smoking cessation interventions for 
priority groups

In general, interventions effective in the general 
population are also effective in priority population 
groups. However, significant ethnic inequalities in 
the socio-economic determinants of health, access 
to treatment, and quality of care26 affect both smok-
ing prevalence and smoking cessation support. 

Providing stop-smoking support to Māori 
Since 2006, daily smoking prevalence in the 

general adult population has fallen from 22% 
to 9.4%,27 and from 42% to 22% among Māori.27 
Māori men and women are more than twice 
as likely to be daily smokers than non-Māori 
(adjusted ratio 2.60 [95% CI 2.14–3.16] and 3.58 
[95% CI 3.01–4.26] for men and women, respec-
tively).27 Healthcare workers should demon-
strate culturally safe practice and understand 
that systematic and structural factors, including  
racism, colonisation and the Crown’s failure to 
meet obligations under Te Tiriti o Waitangi, have 
contributed to the high prevalence of smoking 
in Māori compared to non-Māori.26 Inequita-
ble access to health services has contributed to 
disparities in health between Māori and non-
Māori. Financial cost, pervasive smoking among 
whānau and peers, environments accepting of 
smoking, and perceived cultural inappropriate-
ness of treatments, are all barriers to Māori using 
available stop-smoking support.16 Stop-smoking 
interventions for Māori must therefore be cul-
turally appropriate, multi-faceted, address ciga-
rette dependence, provide support, partner with 
Māori, and be inclusive of whānau.28,29 

Interventions that work in the general popula-
tion (e.g., behavioural support and stop-smoking 
medicines) are at least as effective for Māori.30 
For example, one randomised controlled trial 
(N=134) showed bupropion was effective in assist-
ing Māori to stop smoking.31 Likewise, subgroup 
analyses of RCTs have found no differences in quit 
rates for Māori compared to non-Māori for vaping 
devices32 or text message support.33 A recent trial 
comparing cytisine and varenicline in Māori and 
whānau of Māori found 12 weeks of cytisine was 
at least as effective as varenicline in increasing 
long-term abstinence.17 

Several small studies have implemented beha-
vioural support programmes for Māori, including 
incentive programmes,34,35 exercise interventions36 
and peer support.37 Such programmes have had 
promising results, and high acceptability, but more 
evidence is needed to determine their effectiveness. 

Providing stop-smoking  
support to Pacific people

Since 2006, smoking prevalence has decreased 
from 30% to 16% among Pacific peoples.27 Smok-
ing prevalence amongst Pacific people varies by 
Pacific nation, especially by sex. Systemic factors 
also contribute to relatively high smoking among 
Pacific peoples, including barriers in access to 
care and quality of care.38 Services and organisa-
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tions must identify and address barriers to equi-
table care for Pacific peoples to address health 
disparities between groups and improve health 
equity. Health workers who provide support to 
Pacific smokers should seek training to ensure they 
are both technically and culturally safe in this role.

There are limited data on effective interven-
tions for Pacific smokers. However, interventions 
known to work in the general population are likely 
to be just as effective for Pacific peoples. Some 
small studies of culturally tailored smoking cessa-
tion behavioural interventions have shown success 
in helping people quit smoking including text mes-
sage support 39 and online training programmes.40

Providing stop-smoking  
support to pregnant women

Stopping smoking as early as possible during  
pregnancy can reduce the risk of adverse birth 
outcomes (such as premature birth and low-birth 
weight) and infant mortality.41 Pregnant women 
need services that are appropriate and meaningful, 
and that deliver support in a timely manner. Offer-
ing partner and wider whānau referral to a stop- 
smoking service also helps the pregnant woman to 
stop.42 Women should be offered ongoing support to 
remain smokefree after birth, as rates of relapse after 
birth are high.43

The following interventions are effective in 
improving abstinence in pregnant women:44 coun-
selling; incentives; and feedback in conjunction 
with other strategies, although these latter find-
ings should be interpreted with caution due to 
small sample size. NRT with behavioural support 
has also been shown to increase abstinence rates 
in pregnant women compared to behavioural sup-
port alone.45 There is insufficient evidence to deter-
mine the effectiveness of other pharmacological 
interventions for pregnant women, and vareni-
cline is contraindicated for pregnancy.46 Expert 
opinion suggests that pregnant women can use 
NRT once they have been advised of the potential 
risks and benefits.47 The use of NRT in pregnancy 
carries a small potential risk to the fetus, but 
using NRT is far safer than smoking while preg-
nant, as blood nicotine levels are typically lower 
and NRT does not contain harmful substances 
in tobacco smoke (such as carbon monoxide). 
There is insufficient evidence to determine the 
risk of adverse birth outcomes between those 
using NRT and placebo.45 There is insufficient 
evidence to determine the safety or effective-
ness of e-cigarettes to support abstinence during 
pregnancy.6 

Providing stop-smoking support to children 
and young people

The prevalence of daily smokers in people aged 
between 15 and 24 years has halved from 20.1% 
in 2006 to 10.1% in 2021.27 Group counselling is 
effective at increasing long-term abstinence rates 
in young people who smoke compared to control 
interventions, but there is insufficient evidence to 
determine the effectiveness of individual coun-
selling.48 There is insufficient evidence to con-
firm the effectiveness of interventions specifically 
aimed at helping young people to stop smoking, or 
to recommend integrating any particular model 
into standard practice.48,49 Interventions that may 
be acceptable for young people include support 
from family, friends and community, and incen-
tives, physical activity and group support.50 There 
is insufficient evidence that using NRT improves 
long-term abstinence rates among young smok-
ers.48 Nevertheless, expert opinion is that NRT may 
be considered for use by young people who want 
help to stop smoking. The safety and efficacy of 
other pharmacological interventions in patients 
under 18 years of age have not been established.48,49

Providing stop-smoking support to people 
who use mental health and addiction 
treatment services

People with mental health disorders have par-
ticularly high smoking rates. People who smoke 
are 1.5 times more likely than non-smokers to be 
diagnosed with at least one mental health condi-
tion (25% in smokers and 15% in non-smokers).51 

Previous reviews of effective interventions for 
adults with mental health conditions have been 
mixed in their findings; however, these are based 
on several small studies.52–54 A recent, large multi-
site RCT compared varenicline, bupropion and 
NRT to placebo, and found pharmacological inter-
ventions increased long-term abstinence com-
pared to the placebo in patients with psychiatric 
disorders.20 The trial found no increased risk of 
moderate or severe adverse events.20

There is insufficient evidence to conclude that 
using NRT improves long-term abstinence rates 
among people with mental illness who smoke,3 or 
people with substance use disorders, although there 
is some evidence of effectiveness for short-term 
abstinence.55 Nevertheless, expert opinion is that 
NRT may be considered for use by people in this 
group who want help to stop smoking. 

Other treatments and interventions
Table 1 summarises other treatments and inter-

ventions that people may ask about, or want to use, 
to help them stop smoking.
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Discussion
The updated New Zealand Guidelines for 

Helping People to Stop Smoking1 provide cur-
rent evidence on effective interventions for 
smoking cessation and make recommenda-
tions based on this evidence. These guidelines 
will be updated in future as more research evi-
dence becomes available. 

In addition to these recommendations, the guide-
lines identify barriers and facilitators to provid-
ing smoking cessation. Healthcare professionals 
can have a positive or negative role in people’s 
smoking behaviour, and barriers and facilitators 
to delivering smoking cessation (Table 2).

Providing support for people who smoke should 
always be done with an understanding of the 
broader context in which people start smoking, 

Table 1: Other smoking cessation interventions.

Effective

Reduction-to-quit56

Written self-help materials57

Financial incentives58

Insufficient evidence

Acupuncture59

Other antidepressants (i.e., SSRI, MAOI)60

Anti-anxiety medication61

Competitions62

Heated tobacco products2

Hypnotherapy63

NicoBloc and NicoBrevin

Physical activity64

St John’s Wort60

Harmful

Clonidine65

Table 2: Healthcare workers’ barriers and facilitators to implementing the ABC pathway.

Barriers Facilitators

Health workers who smoke

Lack of time, knowledge, and skills

Health workers not engaging if they assume a lack of 
patient motivation

Health workers’ misperception that smoking cessation 
interventions are not effective

Health workers’ concerns that providing smoking  
cessation advice will adversely affect their relationship 
with a patient

Ongoing training 

System supports, including leadership

Provision of a rationale specific to their area of work

System prompts (e.g., automated systems, medical 
chart stickers)

Audits and feedback
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why they continue to smoke and why they try to 
stop, such as their level of exposure to tobacco prod-
ucts, access to smoking cessation services and sup-
port, and their level of exposure to people who have 
successfully quit. 

These guidelines highlight gaps in evidence. 
More research relevant to New Zealand priority 
populations is needed to investigate and evalu-
ate interventions operating at the level of social 
groups and systems, and on the upstream deter-
minants of smoking and quitting. Information 

on the relative cost-effectiveness of the interven-
tions is also needed to inform decision-makers 
and clinicians about the “best buys” to achieve 
cessation outcomes. 

Finally, individual-level smoking cessation inter-
ventions are important but should always be seen 
as one strategy among a comprehensive package 
of mutually reinforcing population-level tobacco 
control interventions aimed at tackling smoking in 
New Zealand.
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Acute alcohol use and suicide deaths: 
an analysis of New Zealand coronial 
data from 2007–2020
Rose Crossin, Lana Cleland, Annette Beautrais, Katrina Witt, Joseph M Boden

abstract
aims: Acute alcohol use is a proximal risk factor for suicide. However, the proportion of suicide deaths involving acute alcohol use has 
not been quantified in New Zealand. We sought to quantify and characterise the association between acute alcohol use and suicide.
methods: Data for all suicides (≥15 years) between July 2007 and December 2020 were drawn from the National Coronial Information 
System. Acute alcohol use was defined as blood alcohol concentration (BAC) >50mg/100mL. Logistic regression was used to compare 
characteristics between suicide deaths with and without acute alcohol use. 
results: Twenty-six point six percent of suicide deaths involved acute alcohol use. No difference in the association was found by 
sex (male AOR: 0.87 (95%CI: 0.74,1.02)). Ethnicity differences were identified (Māori AOR: 1.20 (95%CI: 1.01,1.42), Pacific AOR: 1.46 
(95%CI: 1.10,2.00)). Those aged 15–54 years had similar risks of suicide involving acute alcohol use, with a lower association in older 
age groups. 
conclusions: Acute alcohol use was identified in approximately one quarter of suicides, with stronger associations in those of Māori 
and Pasifika ethnicity, and those aged <55 years. Acute alcohol use is a significant but modifiable risk factor for suicide in New Zealand. 

Acute alcohol use is a known proximal risk 
factor for suicide,1 and has been shown 
to significantly increase risk of suicide 

attempt, particularly at high levels of acute con-
sumption.2 For suicide deaths, reviews find the 
prevalence of acute alcohol use range from 10% 
to 69%, differing by population demographics 
including age and sex.3 Alcohol may neurocog-
nitively trigger suicide attempts by increasing 
impulsivity and disinhibition,4 weakening psy-
chological barriers to suicide attempts,5 or by 
increasing despair, and cognitively impairing 
efforts to mitigate despair.6 Acute use of alco-
hol is associated with use of more lethal suicide 
means,4,5 and may potentiate the effects of other 
drugs consumed in overdose,3 thereby reducing 
the likelihood of surviving an attempt. These find-
ings suggest that acute alcohol use should be a 
focus for suicide prevention. 

Recent coronial data studies in Australia and 
South Korea provide data about characteristics 
of acute alcohol use in suicide.7–9 In Australia, 
around one quarter (26.7%) of suicide decedents 
had a blood alcohol concentration (BAC) of 
≥0.05g/100mL (the legal drink-driving limit in 
Australia); alcohol use prior to suicide was associ-
ated with male sex and use of more lethal means.7 
In South Korea, a study of 683 suicide decedents 

found that almost one third (28.7%) had a BAC 
≥0.08g/100mL (the legal drink-driving limit in 
that country, and defined as “intoxication”); acute 
alcohol intoxication was associated with having 
no underlying medical or psychiatric diagnosis.8 
This negative association between intoxication 
and psychiatric history has also been identified 
in Australia: alcohol use prior to suicide was 
associated with acute stress (e.g., relationship 
breakdown), but not with psychiatric illness.9 
These studies suggest that acute alcohol use may 
increase impulsive suicide risk in those without 
psychiatric risk factors but who are exposed to an 
acute stressor. 

Suicide is a significant public health issue in 
New Zealand. The suicide rate in June 2021 was 
11.6/100,000 population.10 This rate is higher for 
Māori (15.8/100,000), and for those aged 15–24 
(11.4 and 22.2 per 100,000 for females and males, 
respectively).10 The World Health Organization 
emphasises that almost one in five of all suicides 
can be attributed to alcohol use,11 highlighting 
alcohol policy as a point of intervention for reduc-
ing suicide.12 Not targeting alcohol represents 
a missed opportunity for suicide prevention 
efforts.13 This is pertinent, as New Zealand has 
high levels of alcohol use; 80% of New Zealand-
ers ≥15 years have drunk alcohol in the past year; 
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20% drink at hazardous levels.14 However, the 
relationship between alcohol and suicide has not 
been examined systematically in New Zealand, 
and the national Suicide Prevention Strategy fails 
to identify alcohol harm reduction strategies as a 
means of suicide prevention.15 

We sought to inform suicide prevention by 
improving understanding of a potentially signif-
icant and modifiable risk factor, using New Zea-
land-specific data. The objective of this research 
was to quantify and characterise the association 
between acute alcohol use and suicide death in 
New Zealand, to provide a baseline against which 
future interventions or trends can be assessed. 
Specifically, we asked: 1) how prevalent is acute 
alcohol use within suicide deaths in New Zealand; 
2) has the proportion of suicides involving acute 
alcohol use changed over time, and 3) what are 
the characteristics of suicides involving acute 
alcohol use? 

Methods
Data were drawn from the National Coronial 

Information System (NCIS), which compiles cases 
from the Coronial Service of New Zealand. This 
project was approved by the University of Otago 
Human Research Ethics Committee (HD20/102) 
with a second level of review and approval by 
NCIS (NZ019). 

Case identification and inclusion criteria 
New Zealand suicide data are available from 

NCIS for 1 July 2007 onwards. Cases were extracted 
from this date to 31 December 2020, with the 
search last run on 7 September 2021. Eligibility 
criteria were closed cases, coded in NCIS as inten-
tional self-harm (i.e., suicide), where the person 
was ≥15 years at death. The rationale for this age 
cut-off recognises that suicidal intent differs in 
individuals, and while intent may be determined 
in children as young as 12,16 the World Health 
Organization uses 15 as the lower age group in 
global statistics and reporting. As cases can take 
up to two years to be closed, not all suicide deaths 
from 2019 and 2020 were included in the sample 
of eligible cases. NCIS reports quarterly on case 
closure percentages across all deaths,17 based on 
information provided by the Coronial Services of 
New Zealand; the report for all deaths (not spe-
cific to suicide) that most closely matches the data 
collection period of this study was published on 
1 October 2021, and it indicated that case closure 
percentages for 2019 and 2020 at that time were 

70.5% and 55.8%, respectively. Inclusion criteria 
were then applied in the following sequence:

The rationale for criterion 4 (above) is that 
alcohol can be produced endogenously through 
decomposition; however, vitreous humour is less 
prone to microbial invasion and post-mortem 
effects.18 These criteria are consistent with those 
of a recent Australian study,7 and facilitate com-
parison of results. 

Characteristics of suicide deaths
The following characteristics were extracted, 

primarily using NCIS-coded data with any missing 
data searched for in the linked coronial reports:

• Age – age in years at death, subsequently 
grouped into ten-year intervals

• Sex – female, male
• Employment status – employed, 

unemployed, student, retired/pensioned, 
other (including categories of home duties, 
prisoner, still enquiring, child not at school), 
unknown

• Marital status – Never married, widowed, 
divorced/separated, married/de facto, 
unknown

• Ethnicity – European, Māori, Pacific peoples, 
Asian, Middle Eastern/Latin American/
African, other ethnicity (consistent with 
2018 Census ethnic group summaries)19

• Method of death – as follows, based on 
International Classification of Diseases ICD-
10-AM code; 

• Poisoning – X40-X49, X60-X69, X85-X90, 
Y10-Y19

• Hanging – W75-W84, X70, X91, Y20
• Drowning – W65-W74, X71, X92, Y21
• Firearm – W32-W34, X72-X74, X93-X95, 

Y22-Y24
• Sharp object – W25-W29, X78, X99, Y28
• Falls – W00-W19, X80, Y01, Y30

1. Is toxicology data available?
2. Was alcohol measured in blood post-mortem 

in toxicological analysis?
3. If an additional ante-mortem blood sample 

was taken, post-mortem and ante-mortem 
samples must concur. 

4. If decomposition was noted, alcohol 
concentration must also have been 
confirmed through measurement in vitreous 
humour. 
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• Other – W22-W23, X00, X30-X31, X75-
X79, X81-X84, Y23, Y31

• Year of death. 

Risk factors such as mental health history, 
chronic pain, or financial problems are not coded 
in NCIS. These factors were therefore excluded 
from analyses, because it cannot be assumed that 
the absence of these factors in Coronial or police 
reports means that they were not present. 

Post-mortem BAC was extracted from toxicologi-
cal and coronial reports and then dichotomised as:

• No acute alcohol use – BAC ≤50mg/100mL of 
blood

• Acute alcohol use – BAC >50mg/100mL of 
blood.

This categorisation is consistent with the cur-
rent legal BAC for adults (20 years and older) 
when driving in New Zealand (i.e., 0.05%). As 
a sensitivity test, analyses were run using two 
additional BAC levels to define acute alcohol use: 
>30mg/100mL (where some individuals may show 
signs of impairment) and >80mg/100mL (New Zea-
land’s legal driving limit until December 2014). 
Whether alcohol was identified in NCIS records 
as a contributory cause of death was also deter-
mined by use of ICD-10-AM codes (F10.0, F10.1–
10.9, R78.0, T51, X45 or X65) and searching for the 
word “alcohol” at all levels of the cause of death 
fields. If any one of these codes was identified, we 
deemed alcohol had been identified as a contrib-
utory cause of death. In many instances, blood 
alcohol was the only toxicological test on record. 
Therefore, data on other psychoactive substances 
were not extracted. 

Statistical analysis
Statistical analysis was conducted in Stata (ver-

sion 16.1 for Windows).20 Fields with n<5 were 
blinded to minimise risk of individuals being 
identified, with associated cell counts suppressed 
to prevent blinded cells from being calculated. 

For each year of the study period, the propor-
tion of suicide deaths involving acute alcohol use 
was calculated, to avoid the effects of population 
change over that time. Data are presented visu-
ally, without statistical analysis. These data are 
included to enable assessment of any future inter-
vention relative to baseline trends. 

To test for differences between included and 
excluded cases, and to compare characteristics of 
suicide deaths with and without acute alcohol use, 

logistic regression modelling was undertaken. 
Multivariate logistic regression models were used 
to compute unadjusted and adjusted odds ratios 
(OR, AOR; 95% CIs) controlling for the effects of 
all other significant variables (age, sex, employ-
ment status, marital status, ethnicity and method 
of death). 

Results 
Between 1 July 2007 and 31 December 2020, 

6,072 New Zealanders aged ≥15 years died by sui-
cide and had NCIS records. No toxicology data 
were available for 651 cases (10.7%); no mea-
surement of BAC was undertaken post-mortem 
(n=235; 3.9%); ante-mortem and post-mortem BAC 
levels did not concur (n=4; 0.1%); and decompo-
sition was noted but alcohol concentration was 
not confirmed in vitreous humour (n=524; 8.6%). 
These 1,414 cases were, therefore, excluded leav-
ing a total sample of 4,658 cases (76.7%) eligible 
for inclusion. The percentage of cases excluded 
per year of the study period are shown in Supple-
mentary Table 1. 

Table 1 compares characteristics of excluded 
and included cases. There was no significant dif-
ference between excluded and included cases in 
relation to sex. Older age groups were less likely 
to be included than those aged 15–24. Those who 
were widowed were less likely to be included than 
those who were never married, while those who 
were married were more likely to be included. 

Of included suicides, 1,238 (26.6%) involved 
acute alcohol use, BACs are shown in Table 2. 

Figure 1 shows the proportion of suicides involv-
ing acute alcohol use across the 14-year study 
period. This fraction ranged from 21.7% to 33.3% 
across the 14 years (2007–2020), with no clear 
trend over time. 

Of the 1,238 suicides involving acute alcohol 
use, 416 (33.6%) were coded in NCIS as alcohol 
being a contributory cause of death (the most com-
monly identified codes were F10.0 (acute alcohol 
intoxication) and F10.1 (harmful use of alcohol)). 
In addition, 154 suicides where acute alcohol use 
was not identified (BAC ≤50mg/100mL) also had 
alcohol coded as a contributory cause of death, 
occurring predominantly in the context of alcohol 
dependence and/or a low level of BAC considered 
contributory to a poly-drug overdose. 

The characteristics of suicides without and 
with acute alcohol use are described in Table 3. 
The proportion of suicides involving acute alco-
hol use declined with increasing age; however, 
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Table 1: Descriptive characteristics of included cases compared to excluded cases and results of logistic regression modelling showing characteristics associated with inclusion.

Characteristic Excluded n (%) Included n (%) OR (95% CI) AOR (95% CI)

Age 15–24 240 (18.2) 1,081 (81.8) REF REF

25–34 236 (22.0) 836 (78.0) 0.79 (0.64–0.96) * 0.73 (0.59–0.91) **

35–44 239 (23.0) 802 (77.0) 0.75 (0.61–0.91) ** 0.67 (0.54–0.85) **

45–54 279 (23.7) 897 (76.3) 0.74 (0.59–0.87) ** 0.64 (0.51–0.81) ***

55–64 208 (26.7) 571 (73.3) 0.61 (0.49–0.75) *** 0.56 (0.43–0.72) ***

65–74 7 (25.9) 20 (74.1) 0.63 (0.27–1.52) 0.62 (0.25–1.54)

75+ 205 (31.3) 451 (68.8) 0.49 (0.39–0.61) *** 0.61 (0.42–0.90) *

Sex Female 360 (22.9) 1,211 (77.1) REF REF

Male 1,054 (23.4) 3,447 (76.6) 0.97 (0.85–1.11) 0.97 (0.84–1.12)

Employment status Employed 602 (22.3) 2,101 (77.7) REF REF

Unemployed 377 (23.2) 1,248 (76.8) 0.95 (0.82–1.10) 1.01 (0.87–1.17)

Student 83 (18.2) 372 (81.8) 1.28 (1.00–1.66) 1.11 (0.84–1.49)

Retired/ 
pensioner

240 (32.3) 504 (67.7) 0.60 (0.50–0.72) *** 0.71 (0.52–0.96) *

Other 47 (16.8) 233 (83.2) 1.42 (1.03–1.97) * 1.48 (1.06–2.06) *

Unknown 65 (24.5) 200 (75.5) 0.88 (0.66–1.18) 0.95 (0.71–1.29)

Marital status Never married 610 (24.0) 1,930 (76.0) REF REF

Widowed 82 (34.3) 157 (65.7) 0.61 (0.46–0.80) *** 1.07 (0.77–1.49)

Divorced/ 
separated

224 (25.8) 646 (74.3) 0.91 (0.76–1.09) 1.20 (0.99–1.46)

Married/ 
de facto

410 (19.5) 1,695 (80.5) 1.31  (1.13–1.50) *** 1.66 (1.41–1.95) ***

Unknown 88 (27.7) 230 (72.3) 0.83 (0.64–1.07) 0.97(0.74–1.27)
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Characteristic Excluded n (%) Included n (%) OR (95% CI) AOR (95% CI)

Ethnicity European 1,023 (24.4) 3,174 (75.6) REF REF

Māori 258 (20.8) 983 (79.2) 1.23 (1.05–1.43) ** 0.93 (0.78–1.10)

Pacific peoples 61 (23.3) 201 (76.7) 1.06 (0.79–1.43) 0.79 (0.58–1.07)

Asian 62 (19.8) 252 (80.3) 1.31 (0.98–1.74) 1.14 (0.85–1.53)

Middle Eastern/Latin 
American/African

5 (19.2) 21 (80.8) 1.35 (0.51–3.60) 1.18 (0.44–3.18)

Other ethnicity 5 (15.6) 27 (84.4) 1.74 (0.67–4.53) 1.74 (0.66–4.62)

Method of death Poisoning 369 (28.4) 932 (71.6) REF REF

Hanging 746 (20.4) 2,911 (79.6) 1.55 (1.34–1.79) *** 1.34 (1.15–1.57) ***

Drowning 33 (28.7) 82 (71.3) 0.98 (0.65–1.50) 1.02 (0.67–1.57)

Firearm 119 (25.0) 358 (75.1) 1.19 (0.94–1.51) 1.13 (0.88–1.45)

Sharp object 38 (31.2) 84 (68.9) 0.86 (0.59–1.31) 0.83 (0.55–1.25)

Falls 38 (22.8) 129 (77.3) 1.34 (0.92–1.97) 1.24 (0.84–1.83)

Other 71 (30.5) 162 (69.5) 0.90 (0.67–1.22) 0.83 (0.61–1.13)

NB: Multivariate logistic regression models were used to compute both unadjusted odds ratios (OR), and adjusted odds ratios (AOR) controlling for the effects of all other significant variables (age, sex, employment 
status, marital status, ethnicity and method of death). Data are reported with 95% confidence intervals (CI). REF – reference group. * p<0.05, ** p<0.01, *** p<0.001.

Table 1 (continued): Descriptive characteristics of included cases compared to excluded cases and results of logistic regression modelling showing characteristics associated with inclusion.



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2022 Jul 15; 135(1558). ISSN 1175-8716
www.nzma.org.nz/journal ©PMA 

article 70

the 65–74 age group data could not be reported 
due to small numbers. The fraction of male and 
female suicides involving acute alcohol use were 
almost identical. Of these, males were 26.5%; 
median BAC 142mg/100mL; interquartile range 
101–188mg/100mL); and females were 26.7%; 
median BAC 155mg/100mL; interquartile range 
109–203mg/100mL). Māori (32.3%) and Pacific 
peoples (35.3%) had higher proportions of sui-
cides involving acute alcohol use than Europeans 
(25.4%) and Asians (11.9%). 

Table 4 summarises the logistic regression 
model comparing suicide deaths with and with-
out acute alcohol use, and shows ORs for each 
independent variable, unadjusted and adjusted 

(for age, sex, employment status, marital sta-
tus, ethnicity, suicide means). This analysis con-
firms the association between suicide involving 
acute alcohol use, and between being young/
middle aged (<55 years), employed, of Māori or 
Pacific ethnicity, and using hanging as the sui-
cide method. Overall, there was minimal effect 
on the ORs after adjustment, except for being 
widowed (120 (76.4%) of those who were wid-
owed were aged 75+). Sensitivity tests of the two 
additional BACs utilised for logistic regression 
modelling are presented in the Supplementary 
File; there was a minimal impact on the ORs; 
however, some covariates showed an alteration 
in significance level. 

Table 2: Identified blood alcohol concentrations (BAC) in included suicide deaths. 

BAC range n %

≤50mg/100mL 3,420 73.4%

51–100mg/100mL 289 6.2%

101–150 mg/100mL 363 7.8%

151–200 mg/100mL 322 6.9%

mg/100mL 175 3.8%

> 250mg/100mL 89 1.9%

NB: BAC – blood alcohol concentration reported in milligrams per 100 millilitres of blood.

Figure 1: The proportion of suicide deaths with acute alcohol use from 2007–2020 (shown as a percentage by year) 
show no consistent increasing or decreasing trend over the study period.
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Table 3: Characteristics comparison between suicide deaths without and with acute alcohol use (AAU).

Characteristic
No AAU

n (%)

AAU

n (%)
Total

Age 15–24 771 (71.3) 310 (28.7) 1,081

25–34 572 (68.4) 264 (31.6) 836

35–44 553 (69.0) 249 (31.0) 802

45–54 656 (73.1) 241 (26.9) 897

55–64 448 (78.5) 123 (21.5) 571

65–74 Blinded for confidentiality n<5 20

75+ 404 (89.6) 47 (10.4) 451

Sex Female 888 (73.3) 323 (26.7) 1,211

Male 2,532 (73.5) 915 (26.5) 3,447

Employment status Employed 1,439 (68.5) 662 (31.5) 2,101

Unemployed 911 (73.0) 337 (27.0) 1,248

Student 296 (79.6) 76 (20.4) 372

Retired/pensioner 448 (88.9) 56 (11.1) 504

Other 185 (79.4) 48 (20.6) 233

Unknown 141 (70.5) 59 (29.5) 200

Marital status Never married 1,393 (72.2) 537 (27.8) 1,930

Widowed 125 (79.6) 32 (20.4) 157

Divorced/separated 467 (72.3) 179 (27.7) 646

Married/de facto 1,272 (75.0) 423 (25.0) 1,695

Unknown 163 (70.9) 67 (29.1) 230
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Characteristic
No AAU

n (%)

AAU

n (%)
Total

Ethnicity European 2,368 (74.6) 806 (25.4) 3,174

Māori 665 (67.7) 318 (32.3) 983

Pacific peoples 130 (64.7) 71 (35.3) 201

Asian 222 (88.1) 30 (11.9) 252

Middle Eastern/ 
Latin American/African

Blinded for confidentiality n<5 21

Other ethnicity 17 (63.0) 10 (37.0) 27

Method of death Poisoning 722 (77.5) 210 (22.5) 932

Hanging 2,044 (70.2) 867 (29.8) 2,911

Drowning 67 (81.7) 15 (18.3) 82

Firearm 272 (76.0) 86 (24.0) 358

Sharp object 71 (84.5) 13 (15.5) 84

Falls 110 (85.3) 19 (14.7) 129

Other 134 (82.7) 28 (17.3) 162

NB: Results are not shown when numbers are less than five (n<5) and related cells are blinded to prevent calculation of suppressed cells (which would increase the likelihood that individual cases  
could be identified).

Table 3 (continued): Characteristics comparison between suicide deaths without and with acute alcohol use (AAU).
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Table 4: Summary of logistic regression modelling for risk of suicide death involving acute alcohol use (AAU) by case characteristics. 

Characteristic OR 95% CI p value AOR 95% CI p value

Age 15–24 REF REF

25–34 1.15 0.94, 1.40 0.169 1.11 0.90, 1.38 0.325

35–44 1.12 0.92, 1.37 0.266 1.11 0.88, 1.40 0.370

45–54 0.91 0.75, 1.11 0.371 0.93 0.73, 1.19 0.575

55–64 0.68 0.54, 0.87 0.002 0.74 0.56, 0.99 0.041

65–74 0.62 0.21, 1.87 0.399 0.90 0.29, 2.86 0.863

75+ 0.29 0.21, 0.40 <0.001 0.42 0.25, 0.72 0.002

Sex Female REF REF

Male 0.99 0.86, 1.15 0.931 0.87 0.74, 1.02 0.087

Employment Employed REF REF

Unemployed 0.80 0.69, 0.94 0.006 0.73 0.62, 0.85 <0.001

Student 0.56 0.43, 0.73 <0.001 0.49 0.36, 0.66 <0.001

Retired/pensioner 0.27 0.20, 0.36 <0.001 0.49 0.31, 0.76 0.002

Other 0.56 0.41, 0.78 0.001 0.51 0.36, 0.71 <0.001

Unknown 0.91 0.66, 1.25 0.559 0.86 0.62, 1.20 0.375

Marital status Never married REF REF

Widowed 0.66 0.44, 0.99 0.045 1.79 1.10, 2.90 0.019

Divorced/separated 0.99 0.81, 1.21 0.955 1.05 0.84, 1.31 0.654

Married/de facto 0.86 0.74, 1.00 0.051 0.92 0.77, 1.10 0.329

Unknown 1.07 0.79, 1.44 0.676 1.19 0.86, 1.63 0.289
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Characteristic OR 95% CI p value AOR 95% CI p value

Ethnicity European REF

Māori 1.40 1.20, 1.64 <0.001 1.20 1.01, 1.42 0.043

Pacific peoples 1.60 1.19, 2.17 0.002 1.46 1.10, 2.00 0.018

Asian 0.40 0.27, 0.59 <0.001 0.42 0.28, 0.63 <0.001

Middle Eastern/Latin 
American/African

0.49 0.14, 1.67 0.253 0.45 0.13, 1.56 0.208

Other ethnicity 1.73 0.79, 3.79 0.172 1.68 0.75, 3.77 0.209

Method of death Poisoning REF REF

Hanging 1.46 1.23, 1.73 <0.001 1.30 1.07, 1.56 0.007

Drowning 0.77 0.43, 1.38 0.377 1.04 0.57, 1.89 0.891

Firearm 1.09 0.82, 1.45 0.569 1.10 0.81, 1.48 0.544

Sharp object 0.63 0.34, 1.16 0.138 0.65 0.35, 1.21 0.174

Falls 0.59 0.36, 0.99 0.045 0.58 0.34, 0.98 0.040

Other 0.72 0.46, 1.11 0.136 0.67 0.43, 1.05 0.078

NB: Multivariate logistic regression models were used to compute both unadjusted odds ratios (OR), and adjusted odds ratios (AOR) controlling for the effects of all other significant variables (age, sex, employment 
status, marital status, ethnicity and method of death). Data are reported with 95% confidence intervals (CI). REF – reference group.

Table 4 (continued): Summary of logistic regression modelling for risk of suicide death involving acute alcohol use (AAU) by case characteristics. 
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Discussion
We quantified and characterised the associa-

tion between acute alcohol use and suicide in New 
Zealand, by analysing coronial data from 2007 to 
2020, in order to provide a baseline dataset for 
the association. We found that around one quar-
ter (26.6%) of all suicides over the study period 
involved acute alcohol use. While this is the first 
time that the proportion of suicide deaths involv-
ing acute alcohol use has been quantified in New 
Zealand, these findings are consistent with inter-
national studies: meta-analytic findings show the 
prevalence of acute alcohol use in suicides inter-
nationally ranged from 26.5% to 44.4%,2 and a 
recent Australian study found 26.7% of suicides 
between 2010 and 2015 involved acute alcohol 
use.7 The proportion of New Zealand suicides 
involving acute alcohol use was stable over the 
14-year study period, indicating that acute alco-
hol use has a strong, persistent and long-standing 
association with suicide. 

While the overall proportion of suicides involv-
ing acute alcohol use in New Zealand was com-
parable with other similar countries, we found 
key differences in demographic characteristics. 
Equal fractions of male and female suicides in 
New Zealand involved acute alcohol use, in con-
trast to international studies which have consis-
tently identified males as having a higher fraction 
of suicides involving acute alcohol use.7–9 This 
difference may reflect New Zealand’s alcohol 
culture, but is difficult to explain given that data 
from the New Zealand Health Survey shows that 
hazardous drinking rates in males are approxi-
mately double those of females.14 However, New 
Zealand has rates of foetal alcohol spectrum dis-
order substantially higher than the global prev-
alence estimate,21 which suggests that female 
alcohol consumption may be higher than found 
in current data sources. In a number of OECD 
countries, including Australia and New Zealand, 
suicides in young females have increased, partic-
ularly among young indigenous females.22 Given 
that risk factors for binge drinking differ between 
males and females,23 there is a need for further 
research focussed on female alcohol use, ethnic-
ity, drinking patterns and suicidal behaviour, in 
order to inform development of interventions 
specific to female needs, and which are culturally 
appropriate and responsive. 

We found that those aged between 15 and 54 
years had similar risks of suicide involving acute 
alcohol use, in contrast to the Australian study 

that found middle age groups (ages 35–44) had 
increased risk.7 This finding is of concern given 
New Zealand’s high teenage suicide rate,24 and 
points to alcohol use being an important point 
of intervention in reducing teenage suicide. 
However, these findings were pooled across the 
study period, and adolescent hazardous drinking 
declined overall in New Zealand between 2001 
and 2012,25 while hazardous drinking in older peo-
ple is of increasing concern.26 These time-dynamic 
changes suggest the need to monitor consumption 
patterns in different demographic groups, as well 
as the relationship between acute alcohol use and 
suicide. We also found significant ethnicity differ-
ences, with Māori and Pacific peoples more likely 
to die by suicide involving acute alcohol use than 
European and Asian ethnicities. This observation 
is a substantial health equity issue, and may reflect 
multiple risk factors for hazardous alcohol use 
that disproportionately impact Māori and Pacific 
peoples, including; neighbourhood availability 
of alcohol,27 experiences of discrimination,28 and 
the effects of trauma.29 There are well-established 
inequities in New Zealand for both alcohol-related 
harm30 and suicide;10 this study adds to that body 
of knowledge and supports the need for address-
ing alcohol as a contributor to health inequities.  

This study provides the first known quantifica-
tion of acute alcohol use in New Zealand suicides, 
but limitations need to be acknowledged. Some 
differences in the characteristics of included and 
excluded cases may be a potential source of bias. 
In particular, older age groups were more likely 
to be excluded from the final sample of cases, 
with almost half of exclusions due to a lack of 
toxicology data. Reasons for this are unclear but 
the characteristics of the decedent may influence 
testing decisions and contribute to possible bias. 
Additionally, BAC was the only toxicological test 
ordered in many cases, which means that the 
contribution of other psychoactive substances 
could not be evaluated. We recommend that tox-
icology should be ordered, and BAC analysed, for 
every suspected suicide. This recommendation is 
important, since NCIS-coding of alcohol as a con-
tributory cause of death cannot be solely relied 
upon as a definition of alcohol’s contribution to 
suicide. We found that only one third of suicides 
involving acute alcohol use (as defined by BAC 
results) in New Zealand had alcohol coded as con-
tributory only. A comparable Australian study 
found that half of suicides involving acute alcohol 
use had alcohol coded as a contributory cause of 
death.31 We acknowledge that defining acute alco-
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hol use at a set BAC does not reflect that alcohol’s 
effects may differ by individual. However, our 
approach was consistent with previous studies,7,8 
and our sensitivity testing suggests that the pres-
ence of alcohol is more relevant than the cut-off 
used to define acute alcohol use. Results are cur-
rent, as at 7 September 2021, acknowledging that 
cases may still be closed and added after this date 
given that there is a lag between year of death 
and coronial cases being closed, particularly for 
the years of 2019 and 2020. As such, it would be 
beneficial to re-run this study a few years in the 
future, to add to long-term trends, and to identify 
any pandemic-related impacts. 

The design of this study does not allow consid-
eration of the mechanism of association between 
acute alcohol use and suicide,3 nor can we deter-
mine whether alcohol was used as a deliberate, 
facilitatory means of suicide.32 Another limitation is 
that not all relevant variables are consistently avail-
able within the NCIS dataset e.g., socio-economic 
status, co-morbid mental disorders (particularly 
alcohol use disorder and other substance use disor-
ders), and acute stressors prior to death. Based on 

international findings, we hypothesise that those 
who die by suicide involving acute alcohol use are 
more likely to die impulsively following acute stress-
ful events, rather than having psychiatric or physi-
cal co-morbidities.8,9 Future New Zealand research 
should investigate prior service contact for those 
who die by suicide involving acute alcohol use.

We have identified that just over a quarter 
of suicide deaths in New Zealand involve acute 
alcohol use, and this is particularly prevalent in 
population groups known to have higher suicide 
rates (including young people and Māori). Thus, 
we conclude that alcohol use is a significant but 
modifiable risk factor for a substantial group of 
suicide deaths in New Zealand. International 
evidence shows that actions taken to reduce 
alcohol consumption at a population-level are 
associated with reduced suicidal behaviour.33 
Therefore, we recommend that interventions 
targeted at alcohol be included in New Zealand’s 
suicide prevention strategy. Our findings pro-
vide baseline data for the development of inter-
ventions targeting suicide associated with acute 
alcohol use in New Zealand. 

Appendix:  
https://uploads-ssl.webflow.com/5e332a62c703f6340a2faf44/62ccecc35b92a363774f0311_5693%20-%20appendix-final.pdf
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Innovation in Aotearoa  
New Zealand’s healthcare system—
how to make it happen
Robyn Whittaker, Penny Andrew, Rosie Dobson, Dale Bramley

abstract
To date, innovation in Aotearoa New Zealand healthcare services has varied around the country. As we move into a health  
system restructure, it is important to reflect on what has worked to date and how we can take these elements into the new system. 
In this paper we describe the approach at Waitematā District Health Board (DHB) including the establishment of an Institute for  
Innovation and Improvement. We highlight what we view as the key elements of an innovation enabling environment and suggest 
measures of success. 

There are many different definitions of 
innovation, although most include the 
elements of novelty, application and ben-

efit.1,2 In health services, innovation can simply 
be doing something differently, and better than 
how it is generally done or has previously been 
done—it could be a new process, device, technol-
ogy, system or service. It is not just having the 
idea of how to do something differently (the idea 
or invention) but also getting it embedded into 
standard clinical practice (the implementation). 
If it is not in practice and having an impact, then 
it is still just an idea. 

It is often acknowledged that the implementa-
tion and dissemination of innovation is the most 
difficult part of the process.3,4 This is said to be 
impacted by three clusters of influence: (1) per-
ceptions of the innovation including uncertainty, 
salience, complexity, trialability and observabil-
ity; (2) characteristics of the people who need to 
adopt it—often depicted on a scale from early 
adopters through to laggards; and (3) “contextual” 
or organisational and system factors.4 Some of the 
specific barriers to innovation implementation 
in Aotearoa New Zealand healthcare identified 
recently were: disconnection between industry, 
research and the health system; inability to pri-
oritise funding for innovation; government rules 
of procurement; clinical and organisational resis-
tance to change; a high burden of proof for new 
treatments in evidence-based medicine; and, 
limited innovation capability and opportunities 
within Aotearoa New Zealand.5 

Many of these barriers lie beyond the ability 
of those in health services to change. In a recent 

report, the Productivity Commission stated that 
district health boards (DHBs) are important but 
mostly inactive in supporting healthtech innova-
tion, and that opportunities for mutual benefits 
for the healthtech sector and the health system 
are being lost as a result.6 They state that:

“The main reasons for lack of support 
from DHBs are their lack of mandate and 
incentive to participate in innovation, 
the lack of targeted innovation funding, 
and rigidities in their procurement 
processes. Also, health policy provides 
no effective strategy on innovation 
and learning to guide DHBs.”

Some aspects of the enabling environment, 
however, sit within the health services them-
selves.7,8 Berwick (2003) developed seven critical 
success factors for the dissemination of health-
care innovation: surveillance to find sound inno-
vations; find and support innovators; invest 
in early adopters; make early adopter activity 
observable; trust and enable reinvention; cre-
ate slack for change; lead by example.4 At Wait-
ematā DHB, we have been creating an enabling 
environment for innovation implementation 
with our Institute for Innovation and Improve-
ment (known as “i3”). This paper outlines what 
we have focused on to date, measures for how 
we can assess success, and what we have learnt. 
It is hoped that this may usefully inform how we 
deliberately structure and embed an enabling 
innovation environment in a reformed health-
care system for Aotearoa New Zealand.
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Innovation at Waitematā DHB
In 2014 Waitematā DHB initiated the Leap-

frog Programme—a Chief Executive sponsored 
programme of strategic innovation projects that 
would make a large impact in the medium term 
across the entire organisation. Learning from vis-
its to international exemplar organisations and 
leaders (including Intermountain Healthcare, 
Beth Israel Deaconess Medical Center, the Scripps 
Research Institute, an innovation hub in Norway, 
the Qulturum Jönköping County in Sweden, Traf-
ford Community Care, and the Scottish Patient 
Safety Programme), the Institute for Innovation 
and Improvement (i3) was established by the 
DHB in 2016, creating an engine room of people- 
resource focused on digital, data, design, and clin-
ical leadership, to support services to improve 
patient outcomes and patient and whānau expe-
rience.9 The i3 intentionally integrated innova-
tion and improvement to ensure innovation is 
not about technology for technology’s sake, rather 
that process and service improvement drive 
everything we do, focusing on ensuring high qual-
ity of care and improvement of health outcomes. 
The innovation- and improvement-enabling 
environment was extended across the organi-
sation including other programmes, notably a 
Māori Health Pipeline and primary-community 
programmes. 

Over the ensuing years, through multiple proj-
ects and workstreams, the steps towards an inno-
vation enabling environment have included the 
following key features: 

• A vision of where we are heading with clear 
priorities aligned with the organisation’s 
priorities and values, and a requirement 
that partners have an aligned sense of 
purpose.

• Executive leadership with a Chief  
Executive (CE) committed to the i3’s 
vision and purpose, the Director of the i3 
reporting to the CE and being a member 
of the Executive Leadership Team, and CE 
sponsorship that ensures innovation and 
improvement is protected and prioritised 
and not overshadowed by “the requirements 
of the day”.

• Integration of innovation, quality 
improvement and clinical governance to 
ensure the focus of innovation is on systems 
and processes that improve the reliability, 
safety and quality of care, and strong 

engagement of clinicians. For all innovations 
we ask “how will this help deliver better, 
high quality care and health outcomes?”, 
and every project is sponsored by a  
clinical leader.

• Funding and support—consistent leadership 
(Chief Executive and Board) support even 
in times of austerity when others may view 
i3 as non-essential, along with committed 
baseline funding for a critical mass of staff 
reflecting the scale of the entity (i.e., no 
requirement for the i3 to self-fund), and 
business case approval for projects based 
on value add to the organisation (which 
has included reductions in paper, postage, 
storage and reducing long term spend on 
large expensive IT systems).

• The removal of silos and building 
partnerships—in particular, the integration 
of innovation, service design, quality 
improvement, data, digital/IT and research/
evaluation—all working together on 
initiatives moving us towards the same 
vision. This is underpinned by i3 leaders 
that combine managerial, clinical, 
operational, and digital and data experience 
and who are closely connected internally 
with clinical governance (patient safety  
and quality) structures, and externally with 
a broad range of national and international 
networks.

• A continuous pipeline of new ideas and 
people—this includes staff on the ground 
within health services, fresh perspectives 
from students, new graduates, other 
disciplines and industries, academics, 
companies and start-ups, a diversity of 
people in our communities, and patient 
groups. This has been achieved through 
a Fellows Programme of 12-month roles 
in i3, internships, studentships, academic 
partnerships, consumer representation, 
co-design projects and programmes such 
as “Engineers in Clinical Residence”. It 
also includes horizon scanning for the best 
innovations that have been implemented 
internationally and nationally with 
significant impact. 

• A network of frontline healthcare workers 
ready for change and willing to lead it—a 
broad and diverse network of people 
working at the frontlines of healthcare who 
are not only interested and open to new 
ideas, but who are able to ground them in 



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2022 Jul 15; 135(1558). ISSN 1175-8716
www.nzma.org.nz/journal ©PMA 

viewpoint 81

the reality of their daily working lives. They 
are also able to improve ideas to ensure 
that they will work in our context. This 
has been fostered through Senior Medical 
Officer (SMO) roles and sabbaticals in 
i3, prioritising clinical leads for projects, 
clinical IT experts who are available to listen 
and work alongside frontline workers, the i3 
Fellows Programme, and the establishment 
of a Clinical Digital Academy (CDA) to train 
clinicians in data and digital health. 

• An engine room of people with a 
diverse range of skills including change 
management, quality improvement, 
systems engineering, co-design, project 
management and clinical experience, who 
are closely connected to people working 
at the frontlines, with local relationships 
and understanding of both the ideas and 
local contexts, who make things happen 
supported by our IT and data teams.

• Data to drive the identification and 
quantification of the issues to measure 
the impact of innovations, and feedback 
loops to the staff and services through 
accessible dashboards, analytics support, 
the integration of artificial intelligence to 
support clinical decision making, user-
friendly data tools integrated with electronic 
clinical records in the hands of clinicians, 
along with active use of population health 
registers to identify gaps in systems and 
connect people to preventive services 
(screening, immunisation and treatment).

• Early quick wins focused on providing value 
for clinicians, in terms of making their daily 
work lives easier and having well designed 
clinical systems to deliver safe, high quality 
care—establishing their support and 
acceptance of further change.

Measures of success
Measuring whether this model is successful in 

creating an innovation enabling environment within 
the DHB is not straightforward. Existing implemen-
tation science frameworks tend to focus on two 
aspects: (1) the implementation of an individual ini-
tiative with respect to aspects such as adoption, fidel-
ity, penetration, effectiveness and sustainability;10,11 
or (2) whether determinants of implementation were 
supportive for a particular innovation, such as cham-
pions, innovation-values fit (extent to which tar-
geted users perceive that use of the innovation will 
foster fulfilment of their values), management sup-

port, implementation policies and practices (the 
extent actions ensure user skills, create incentives 
and/or identify and address barriers to use), finan-
cial resource availability, implementation climate 
(employees’ shared perceptions of the importance 
of innovation implementation within the organisa-
tion), and implementation effectiveness.12 

To measure an innovation enabling environ-
ment we describe below a more pragmatic set of 
measures that take into account exisiting frame-
works and critical success factors but assess  
innovation as a system rather than discrete parts. 
The proposed measure set reflects our innova-
tion definition: an environment that continues to 
enable new or different things/ways of working to 
be put into standard practice and have a positive 
benefit. This includes:

Additionally, the global pandemic adds the 
opportunity to look at the ability to adapt to 
changes in context or new threats to health. These 
proposed measures of success are considered for 
Waitematā DHB in Table 1. We acknowledge that 
the population and individual outcome measures 
described below cannot be causally linked to an 
innovation environment; these measures are 
merely descriptive of improvements over time or 
compared with other DHBs. 

It is important to note that Waitematā DHB’s 
innovation and improvement programme has 
not required extraordinary financial investment. 
Waitematā DHB is one of the only DHBs that has 
been able to deliver a break-even budget and, at 
the same time, has delivered an exceptional stra-
tegic innovation programme (the Leapfrog Pro-
gramme) for under approximately $15m, at least 
one sixth of the cost of implementing a single 
vendor electronic health record system.

1. “new” things (systems, processes, tools, 
technologies) have been put into practice 
and changed the way people work or 
services are delivered;

2. there is a pipeline of new ideas and trials 
underway;

3. new staff want to work there or to lead 
initiatives due to a culture of innovation and 
continuous improvement;

4. improvements in population and individual 
health outcomes alongside positive patient 
and whānau experience of their health 
services, particularly reductions in health 
inequities;

5. responsiveness to Māori and equity. 
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Table 1: Proposed measures of success in establishing an enabling environment within Aotearoa New Zealand health services.

Proposed success measure
Examples from across Waitematā DHB 

(referenced in public Board Reports13 and the i3 website9)

Significant new systems/ 
processes/services/ tools/ 
technologies embedded in  
clinical practice that have 
changed the way things are done 

The implementation of: 

ward nurses using iPad minis for drug administration and vital signs/nursing assessments that underpin the Patient and Whānau Care Standards 
Programme,

an electronic eVitals system linked to communication tools enabling a comprehensive deteriorating patient programme with automated electronic early 
warning scores for all patients, decision support (e.g., sepsis prompt) and alerts in electronic whiteboards and clinician devices,

electronic ordering systems for tests and procedures with integrated clinical decision support (including Choosing Wisely14 recommendations),

data-driven, evidence-based clinical pathways (for example appendicitis, acute cholecystitis, chest pain, and fractured neck of femur) supporting  
continuous quality improvement,

a one page digital inpatient summary (“Snapshot”) pulling from multiple different systems that is quicker than accessing the individual systems, with  
digital notes for ward rounds and consultations that are searchable,

an outpatients improvement programme that includes new models of care (telehealth, patient self referral on symptoms (SOS), clinical pathways) enabled 
by robust clinical data (eOutcomes), digital tools (patient online booking and electronic clinic room booking and scheduling), and paperless clinics  
meaning clinicians can conduct clinics from anywhere and send e-orders to community laboratories and prescriptions to community pharmacies,

improvement of patient experience through digital post, emailing letters, questionnaires and helpful information to patients using an in-house designed 
Emailer tool,

improvement of clinical handover and communication with smartphone systems for paging with two way communication between the ward and  
clinician that integrate patient safety tools (e.g., ISBAR communication tool and early warning scores), and between ward/clinical area for Orderlies task 
management,

aggregated data that links multiple datasets which can be visualised and interrogated directly by clinicians and services, and can be used to inform service 
redesign (e.g., establishing an orthogeriatric service), process improvement (e.g., streamlining clinical document transcription), clinician decision making 
and continuous quality improvement (e.g., implementing a multidisciplinary fractured neck of femur pathway). Our digital data environment has enabled 
the development and implementation of artificial intelligence (AI) (e.g., mortality risk and rehabilitation response algorithms) and spurred the  
development of an AI governance framework,

electronic patient experience and patient-reported outcomes measures (PROMs) that can be entered electronically by patients and results are embedded in 
the clinical portal (patient's electronic health record) and seen in real time,

community clinicians able to access and enter data into all systems from patient homes.
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A pipeline of new ideas and  
trials underway with academics/ 
universities and start-ups/
companies

Trials with companies including Orion Health, The Clinician, BlueMirror, Data Robot, Aranz Medical Ltd, Zoom, Smartpage, Fronde,

Trials of internal new developments such as apps and a paediatric device, 

Academic partnerships with PrecisionDrivenHealth, the MedTech Centre of Research Excellence, Good Health Design AUT,  
National Institute for Health Innovation (NIHI) – research projects under these partnerships and separately, including student projects

Internal Artificial Intelligence (AI) development projects and governance, and development of an AI Lab.

Great people wanting to  
work with us and a culture of 
innovation and continuous 
improvement amongst all staff 

Since conception there have been: 

~40 i3 fellows, 10 Masters interns, 47 summer students (>120 apply for studentships each year),

The Clinical Digital Academy (CDA) has trained 32 clinicians in IT and led to 7 digital fellows,

7 Senior Medical Officers (SMOs) have had part-time roles and sabbaticals in i3,

The DHB is consistently rated by Resident Medical Officers (RMOs) as the best digital experience,15

i3 fellows, SMOs, and CDA alumni go back into their service and are supported to innovate and improve, work on i3 projects, and be champions  
within their service.

Improvements in patient  
outcomes and equity, patient  
and whānau experience

Each project is evaluated on its own merit (e.g., average of ~$150 savings to patients for telehealth outpatient appointments, 88% would use telehealth 
again, and time/paper/cost savings for digital systems),16 

Waitematā DHB has some of the best health outcomes across DHBs eg. highest life expectancy in New Zealand at 84.2 years and increasing, with the gap 
between Māori and non-Māori closing;17 the lowest hospital standardised mortality (HDxSMR ratio of 0.65 across both hospitals 2020-21);18 second-lowest 
rate of amenable mortality with rates more than halving for Māori over the past decade;17 one of the lowest rates of hospital-acquired complications  
including bloodstream infections, pressure injuries surgical complications, neonatal birth trauma (2.4% of admitted patients vs 3.4% for peer hospitals);19 
the top performer in hip fracture clinical care 2021 (ANZHFR 2021 New Zealand Golden Hip Award).20

Table 1 (continued): Proposed measures of success in establishing an enabling environment within Aotearoa New Zealand health services.
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Responsiveness to  
Māori and equity 

Growth in Māori workforce by 31% (from 368 to 484 over five years) due to multiple initiatives including scholarship programmes,  
paid Health Care Assistant (HCA) training, and dedicated Clinical Nurse Specialist roles,

Similar workforce initiatives, including ten Pacific Science Academies in schools, have seen the Pacific workforce increase by 33% (356 to 476)  
over the last five years,

A Māori Health Pipeline Programme of projects with academic and community partners that are governed and led by Māori to accelerate Māori health gain 
and close the life expectancy gap, including the abdominal aortic aneurysm (AAA)21 and atrial fibrillation (AF) screening programme (first screening  
programme to be designed and targeted for Māori and only programme internationally to have screened women); Te Oranga Rūkahukahu lung cancer 
screening (LCS) (first Indigenous-led LCS programme in the world); 22 alternative models for cardiac and pulmonary rehabilitation; HPV self-testing;  
breast cancer data match “500 women campaign”,23

The establishment of Kōtui Hauora, Northern Region Iwi-DHB Partnership Board, and the first DHB Chief Advisor Tikanga role, which has led to the  
development of a Māori research framework for the implementation of Māori-led research and innovation,

The DHB has the second highest Māori life expectancy in New Zealand (80.8yrs), with a rate of increase in Māori life expectancy that is twice that of  
non-Māori. The life expectancy gap for Māori is 3.8 years, Māori mortality rates for cancer and cardiovascular disease have decreased by 27% over 10 years 
(2008–2018), housing related hospital admission rates for Māori have decreased by 77% (2010-2020), and Māori wahine maternal birth injury rates have 
decreased by 40% (2009–2018).14,24

Ability to adapt to COVID-19

Trained i3 staff were immediately deployed to COVID-19 projects in our DHB, and also regional and national developments such as: 

adapting the clinical portal to include a COVID-19 pathway and banner alerts for COVID-19 status and vaccination status,

establishing community laboratory test e-ordering from all sites (testing stations, hotels, GPs, hospitals) and community e-prescribing for paperless  
clinics for hospital specialists, 

establishing a regional datastore and dashboards for managing COVID-19 across the region and linked nationally, initially tracking testing, inpatient  
COVID-19 status and hospital/ICU occupancy, followed by the national vaccination dashboard and most recently dashboards to manage COVID-19 in  
the community including the development and integration of a hospitalisation risk algorithm, 

involved in the clinical design for national developments including the Border Clinical Management System/COVID Community Care Module, national  
electronic ordering system for COVID-19 swabs at testing centres, the self-recording of rapid antigen test (RATs) results in My COVID Record plus the national 
collection of point-of-care RATs from all channels (consumer, GP, pharmacist, others).

Table 1 (continued): Proposed measures of success in establishing an enabling environment within Aotearoa New Zealand health services.
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Discussion 
The planning phase for major health system 

reform and restructure is an opportune time to 
reflect on what we think works and should be 
embedded in Aotearoa New Zealand’s new health 
system. The health reform vision is: “to build a 
system that achieves pae ora | healthy futures for 
all New Zealanders” with five areas of focus to 
achieve this vision including: “Excellence,ensur-
ing consistent, high-quality care everywhere, sup-
ported by clinical leadership, innovation and new 
technologies to continually improve services.”25 

To do this, we need to create an overarching 
continuous improvement environment with  
people working together to innovate and improve 
systems and processes that underline high quality 
care and patient experience.

From Waitematā DHB’s experience, the key 
elements for creating such an environment are: 

executive leadership and clinical governance; 
provision of a door into the health service for 
those with aligned public good purpose; pipe-
lines for new people, perspectives and ideas; 
career pathways, training and support for clini-
cians and others to lead innovation implemen-
tation; an engine room of people with diverse 
skills to support development and implementa-
tion that is deeply connected with the frontline 
health services; integration of data, digital, ser-
vice design, quality improvement, innovation 
and research, all working towards shared goals; 
and strong networks with the broader innova-
tion ecosystem (Figure 1). 

We have described measures to evaluate the 
benefits and to inform continuous improvement 
of an innovation enabling environment at Wait-
ematā DHB. We reiterate that it is difficult to draw 
any direct correlation from an enabling environ-
ment for innovation to improvements in health 

Figure 1: A simple view of the current health innovation networks in Aotearoa New Zealand.

Key: CRIs Crown Research Institutes; NSCs National Science Challenges; CoREs Centres of Research Excellence; NIHI National  
Institute for Health Innovation; PHO Primary Health Organisation: R&D Research and Development: MTANZ Medical  
Technology Association of NZ; CMDT Consortium for Medical Device Technologies: NZHIT New Zealand Health IT; PDH  
Precision Driven Health; HINZ Health Informatics New Zealand; TTOs Tech Transfer Offices of Universities: i3 Institute for  
Innovation and Improvement; NZHIH New Zealand Health Innovation Hub.
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outcomes and there are many other reasons for 
Waitematā DHB’s relatively high standard of 
population health, mostly related to the socio- 
economic determinants of health. Measuring the 
benefits of an innovation enabling environment 
is challenging and is something that we need to 
continue to learn about and develop. 

We hope that others around the country will 
add to the discussion with their experience of 
what has worked well in their contexts. There 
are lessons from across Aotearoa New Zealand 
about programmes and processes to take into 
the new healthcare system structure. It is our 
view that Te Whatu Ora (Health NZ) and the Te 
Aka Whai Ora (Māori Health Authority) should 
join up the existing exemplars of enabling inno-
vation environments, their teams and their 
broader innovation networks (Figure 1), to opti-
mise an innovation and improvement network 
that directly supports and works with the new 
structure. What has not worked well previously, 
in our opinion, is creating separate entities that 
sit outside the healthcare structure to “do” inno-
vation for the healthcare system, and not inte-
grating innovation, data and digital with quality 
improvement and clinical governance.

This proposal also appears to be supported 
by the recent move to re-integrate NHSX (driv-
ing digital transformation of the NHS) and NHS 
Digital back into NHS England. The recommen-
dations from the recent independent review 
of data, digital and technology in the NHS by 
Laura Wade Gery,26 accepted by the UK Govern-
ment, include bringing together innovation and 
improvement, more closely linking data and dig-
ital to the business, building a pipeline of future 
talented leaders that combine clinical, manage-
rial, digital and data experience, and building a 
transformation engine [“factory”]:

“To achieve the Long Term Plan aim, 
and respond to the rapid acceleration 
in digital adoption, NHSEI needs to 
‘transform the way it transforms’ and 
improve how it supports innovation in the 
delivery of care. At the core, this involves 
the creation of a scalable capability 
that integrates clinical, operational and 
technological resources to transform 
patient pathways and service delivery.

This capability builds real expertise in 
the art and science of transformation, 
learning continuously from experience. 
It needs to embed modern digital and 

transformation tools and techniques, 
and adopt a user, patient and citizen 
centred approach. It will use ‘agile’ change 
methodologies and operate through 
small, focused multi-disciplinary ‘service’ 
teams whose missions have longevity to 
build the right experience and continuity 
and technical solutions…The focus is 
relentless on delivering improvements in 
outcomes based on rapid deployment and 
continuous improvement rather than large 
scale traditional system programmes, 
although supported by underlying data 
and technology infrastructure.” 26 

Other international models may also be worth 
learning from, and others in the ecosystem are 
looking to exemplars, such as the Consortium for 
Medical Device Technologies (CMDT) develop-
ing an Australia New Zealand BioBridge with the  
Liverpool Innovation Precinct in Sydney.27 We 
need to ensure learnings from international exam-
ples are adapted to our context: our position as a 
small country with a good health service, a strong 
and unique global pandemic response, a vibrant 
Indigenous culture of innovation currently with 
an upswing of Māori business R&D6 and lead-
ing developments in important issues such as  
Indigenous data sovereignty, and a potential pen-
dulum swing back to centralisation. It is time to 
bring all these elements together under our new 
national health system, making the most of this 
opportunity to remove the silos and perverse 
incentives that have hindered innovation and 
improvement implementation in the past. 

In addition, the authors would like to add two 
further areas for development: a “thinktank” 
function providing continuous horizon scanning 
(including literature review and discussions with 
international networks) and ensuring the ongo-
ing close relationship with regional and national 
direction for IT, data governance, and health 
service quality; and a Māori specific innova-
tion pipeline at all levels—locally, regionally and 
nationally. This would be led by Māori for Māori, 
and would purposely develop and support Māori 
innovations to thrive. At Waitematā DHB this 
has been enabled by governance at the Iwi–DHB 
Partnership Board level, leadership and support 
at a management level from the Chief Advisor 
Tikanga and the Chief Executive, and investment 
in Māori researchers and research projects. This 
must reflect the principles of Te tiriti o Waitangi, 
reinforced in the findings to date of the Waitangi 
Tribunal Inquiry into Health Services and Out-
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comes and in Whakamaua: Māori Health Action 
Plan 2020–2025—that is, the principles of tino  
rangatiratanga, equity, active protection, options, 
and partnership.28,29

Conclusions
 “The Government should use its 
intended major health system reform 
to improve the mandate, funding and 
incentives for DHBs to participate in 
the healthtech innovation ecosystem. 
This change would be to the mutual 
benefit of the healthtech sector, and the 
efficiency, effectiveness and accessibility 
of New Zealand’s health and disability 
system.” – Productivity Commission 6

A new national healthcare system structure will 
require an innovation and improvement focus in 
order to “do things differently” and produce dif-
ferent, and better, results than the current sys-
tem. We need to reflect on what has worked well 
to date and what is happening internationally—
embracing the potential to combine the best fea-
tures with the new opportunities a “re-start” can 
bring.

 “To create a future different from its 
past, health care needs leaders who 
understand innovation and how it 
spreads, who respect the diversity in 
change itself, and who, drawing on the 
best of social science for guidance, can 
nurture innovation in all its rich and 
many costumes.” – Don Berwick, IHI 4
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Did new treatments contribute to  
a decrease in melanoma deaths?
Kylie Mason, Liam Kelly, Christopher Jackson, Deborah Read, Barry Borman

abstract 
Melanoma is one of the most common cancers diagnosed in New Zealand, and New Zealand has one of the highest rates of  
melanoma incidence and mortality in the world. Monitoring by Environmental Health Intelligence NZ (EHINZ) has found a recent 
sharp decline in melanoma mortality rates in New Zealand. Since 2014 and 2015 (with 376 and 378 melanoma deaths, respectively), 
melanoma deaths have declined to 362 deaths in 2016, 308 deaths in 2017, and 296 deaths in 2018. We believe that two new PD-1 
inhibitor drug treatments introduced in New Zealand in 2016—nivolumab (Opdivo, BMS) and pembrolizumab (Keytruda, MSD)—
may have contributed to this decrease in melanoma mortality. Other factors are unlikely to have had such a major effect, with the 
drop unlikely due to random variation, and no major changes in melanoma registrations or melanoma thickness at diagnosis over 
the past decade. While our monitoring of the time trend is descriptive only, and cannot attribute causality, it does suggest a recent 
decrease in melanoma mortality rates at the population level. These national-level statistics reflect both what might be expected 
in the New Zealand situation with the introduction of PD-1 inhibitor treatments, based on clinical trials, and what oncologists are  
seeing at an individual level. Further studies could investigate this observational finding, to confirm whether PD-1 inhibitor drug 
treatments are having an impact on melanoma mortality and survival rates in New Zealand.

Melanoma is one of the most common can-
cers diagnosed in New Zealand, and New 
Zealand has one of the highest rates of 

melanoma incidence and mortality in the world.1,2 
These high rates are believed to be due to high UV 
levels, as well as a high proportion of New Zea-
landers being fair-skinned and at greater risk of 
skin damage from high UV exposure.3 Given these 
high melanoma rates and the link to an envi-
ronmental exposure, melanoma incidence and 
mortality are routinely monitored as part of the 
Environmental Health Intelligence NZ (EHINZ) 
surveillance programme, which provides infor-
mation for action on environmental health issues 
in New Zealand. Decreasing the burden of mela-
noma in New Zealand would have a substantial 
impact on the health of many New Zealanders.

EHINZ’s monitoring has recently found a sharp 
decline in melanoma mortality rates in New Zea-
land from 2016 onwards. From 2011 to 2015, at 
least 350 people died each year from melanoma, 
with 376 and 378 deaths in 2014 and 2015, respec-
tively. Since 2015, deaths have declined, with 362 
deaths in 2016, 308 deaths in 2017, and 296 deaths 
in 2018 (Figure 1). There has been a statistically sig-
nificant decline in the age-standardised mortality 
rates over this time period, from 4.9 per 100,000 in 
2015, to 3.3 per 100,000 in 2018 (Figure 2). 

Additionally, preliminary mortality data for 
2019, recently published on the Ministry of 

Health website, report 328 melanoma deaths in 
2019, and an age-standardised rate of 3.6 per 
100,0004—a slight increase from 2018, but a simi-
lar age-standardised rate to 2017 (3.7 per 100,000) 
and still lower than counts and rates from 2011 to 
2015. Preliminary data are subject to change and 
need to be interpreted with caution; however, 
they suggest a potential continuation of lower 
counts and rates of melanoma deaths compared 
with previous years, which would need to be con-
firmed at a later date.

A potential explanation for the decline in mel-
anoma mortality rates is the introduction of new 
treatments for advanced (metastatic) melanoma 
over this time period. Advanced melanoma has 
historically been associated with low survival 
rates.5 In New Zealand, PHARMAC started funding 
the new treatments of (i) nivolumab (Opdivo, BMS) 
in July 2016, then (ii) pembrolizumab (Keytruda, 
MSD) in September 2016, for people with unresect-
able stage IIIC or stage IV disease (i.e., advanced 
melanoma unable to be treated with surgery).6,7

Prior to 2016, the only funded therapies in New 
Zealand for advanced melanoma were dacarba-
zine and interferon, neither of which had been 
shown to improve overall survival in clinical 
trials, and were associated with significant mor-
bidity.8 In 2010, ipilimumab, a CTLA-4 receptor 
monoclonal antibody, was the first therapy that 
demonstrated improved overall survival for met-



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2022 Jul 15; 135(1558). ISSN 1175-8716
www.nzma.org.nz/journal ©PMA 

viewpoint 91

Figure 1: Number of melanoma deaths each year in New Zealand, 2001–2018.

Source: New Zealand Mortality Collection.

Figure 2: Age-standardised rate of melanoma mortality in New Zealand, 2001–2018.

Note: Age-standardised to the WHO world standard population. 95% confidence intervals are shown.  
Source: New Zealand Mortality Collection.
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astatic melanoma in any clinical study;9 however, 
the list price was approximately $150,000 per 
course and it did not receive PHARMAC funding. 

Subsequent studies demonstrated that nivo-
lumab and pembrolizumab improved overall 
survival in phase 3 clinical trials. These drugs 
are PD-1 inhibitors, a novel class of monoclonal 
antibodies that bind to the programmed cell death 
receptor on T-lymphocytes, preventing inhibition 
of cytotoxic T-cells by the PD-L1 ligand on cancer 
cells, preventing immune escape.10 The pivotal 
CHECKMATE-066 study demonstrated that com-
pared to chemotherapy, nivolumab improved 
the rate of one-year overall survival from 42.1% 
to 72.9% (hazard ratio for death, 0.42; 99.79% CI, 
0.25–0.73, p<0.001) in patients with metastatic 
cutaneous melanoma without an activating BRAF 
mutation.11 Similarly, the KEYNOTE-006 study 
compared pembrolizumab at one of two dose 
schedules with ipilimumab. Patients were eligible 
irrespective of BRAF mutation status. Estimated 
one-year overall survival was improved from 
58.2% with ipilimumab, to 68.4% and 74.1% with 
the three-weekly and two-weekly dose groups 
of pembrolizumab, respectively.12 These results 
were durable at five years.13,14 It is important to 
note that in both studies, eligibility was restricted 
to patients with good physical fitness (ECOG per-
formance status 0 or 1) and with no evidence of 
brain metastases, which are discovered in a high 
proportion of patients with stage IV disease. This 
means it was not certain that clinical trial results 
would translate into a discernible improvement 
in population-level outcomes, if the benefit of the 
medicines were restricted to a small sub-group. 

Starting in 2016, when nivolumab and pem-
brolizumab were introduced in New Zealand, we 
have observed a reduction in melanoma mortal-
ity rates, with further reductions in subsequent 
years. It is plausible that these new PD-1 inhibitor 
drug treatments have contributed to the decrease 
in melanoma deaths. The slight decrease in the 
melanoma mortality rate in 2016, followed by two 
years of sustained drops, suggests that something 
pivotal occurred in 2016 to impact mortality rates. 
The sustained reduction in mortality rates is also 
of note. Where a new drug improves disease con-
trol for a short period, it could be expected that 
there would be a displacement of deaths from one 
year to the following year(s). To date, we have 
observed a reduction in mortality rates from 2016 
to 2018 (and a similarly low mortality rate in 2019 
as in 2017, based on preliminary data). If the new 
treatments were indeed having an impact, we 

might expect a reduction in deaths, with two parts: 
a proportion of patients being cured, and a propor-
tion having delayed death. We would see both as 
contributing in the early years, but in the follow-
ing years we might see a slight attenuation due to 
delayed deaths (given an overall median survival 
time of about 2.75–3 years in clinical trials13,14). 

Furthermore, the size of the reduction in 
deaths aligns with what could be expected from 
these new treatments. Although patient numbers 
and stage-specific information is not routinely 
available, approximately 300 people who die 
from melanoma each year in New Zealand could 
be considered eligible for treatment with these 
agents (subject to performance status and co-mor-
bidity, and assuming 100% uptake). This is a rea-
sonable estimate, given that (i) in 2016/17 there 
were a total of 367 new patients for PD-1 inhib-
itors (pembrolizumb or nivolumab) for first-line 
melanoma treatment, and (ii) in 2018/19, 316 new 
Special Authority initiations for pembrolizumab 
and nivolumab were approved for first-line mel-
anoma treatment.15 Phase 3 studies for patients 
with advanced melanoma suggest an objective 
response rate (absence of disease or decrease in 
extent of cancer after treatment) of 42–45% for 
these treatments, and a complete response rate 
(absence of disease after treatment) of 14% and 
18% for pembrolizumab and nivolumab, respec-
tively.13,16 Based on clinical trials, and approxi-
mately 300 patients each year, 60–70 fewer deaths 
each year in New Zealand is within the range of 
what could be expected due to these new PD-1 
inhibitor treatments. 

Other potential explanations are unlikely to 
account for the observed decrease in melanoma 
mortality rates. Firstly, random or stochastic vari-
ation is unlikely as the 95% confidence intervals 
do not overlap, and the decrease has been sus-
tained over the three years 2016–2018. While the 
2019 preliminary data shows a small increase in 
melanoma deaths to 328, the age-standardised 
mortality rate (3.6 per 100,000) is similar to that 
of 2017, and remains substantially lower than 
5 per 100,000, the approximate level from 2008 
to 2015. Secondly, our monitoring of melanoma 
registrations also shows no statistically signifi-
cant change in melanoma registration (incidence) 
rates over this time period, with relatively sta-
ble rates from 2011 to 2020 (Figure 3).17 Thirdly, 
there has been no statistically significant change 
in registration rates of thicker melanoma since 
2011 (Figure 3),17 suggesting that stage migra-
tion has not occurred. The thickness (measured 
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as the Breslow thickness) is a measure of severity, 
with thicker melanoma associated with a reduced 
survival rate. 

This analysis has some limitations. Our mon-
itoring of the time trend is descriptive only and 
cannot attribute causality. The analysis uses pop-
ulation-level data, rather than individual-level 
patient data, and therefore cannot definitively 
comment on whether the drug treatments have 
led to a lower mortality rate. Confirming these 
observational findings, for example through time- 
dependent survival analyses, would need infor-
mation on number of patients treated, duration of 
treatment, and individual patient outcomes, which 
is not currently available in New Zealand. How-
ever, these data may become available in future 
years with the implementation of the national  
systemic therapies library known as the ACT-
NOW (Anti-Cancer Therapy – Nationally Organised 
Workstreams) programme, implemented by Te 
Aho o Te Kahu – The Cancer Control Agency.

Nonetheless, our monitoring suggests a recent 
decrease in melanoma mortality at the popula-
tion level. These national-level statistics reflect 
what might be expected in the New Zealand  
situation with the introduction of PD-1 inhibi-
tors, based on clinical trials and what oncologists 
are seeing at an individual level. These results 
also suggest that the likely benefits attributed 
to nivolumab and pembrolizumab seen in the 
restricted population entered into registration 
trials may have been maintained when trans-
lated to a more heterogenous real world popula-
tion. Future research could investigate whether 
these new PD-1 inhibitor treatments are indeed 
having an impact, and if so, whether this impact 
is maintained over time. This analysis has  
provided an example of the critical importance 
and necessity of ongoing regular monitoring 
of the national health data, and an inquisitive  
questioning of the potential reasons for unex-
pected changes. 

Figure 3: Age-standardised rates of melanoma registrations in New Zealand, total registrations and by Breslow 
thickness, 2001–2019. 

Note: Age-standardised to the WHO world standard population. 95% confidence intervals are shown. 
Source: New Zealand Cancer Registry.
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Challenges in the treatment of a 
stingray injury: a rare case report  
in a rural New Zealand hospital
Benjamin J L Black, Monica J Londahl, Konrad K Richter

Though stingrays are commonly found in the 
vast Australasian waters, severe injuries are 
rare. Ray venom remains a poorly under-

stood phenomenon, and the treatment of barb 
injuries can be challenging due to envenomation 
obscuring the clinical picture, as well as delayed 
presentations with bacterial infections.1,2 There is 
a concern in New Zealand and other temperate 
climates that as climate change progresses, these 
injuries will become more common, as stingrays 
become a more familiar resident in our beaches.3 
Knowledge of the management of these injuries 
is therefore a useful addition to the armamen-
tarium of frontline emergency and trauma staff. 
Here, we report a rare case of a thoracic pene-
trating stingray injury that required emergency 
treatment in our rural hospital.

Case presentation
A 48-year-old man was walking towards the 

shore at Ōreti Beach, near Invercargill in New Zea-
land, in water approximately 30cm deep, when he 
suffered severe pain in the right foot followed sud-
denly by a stab wound to the left chest. 

There was a significant disturbance in the 
water to the right of him, and a large marine 
creature briefly surfaced which he caught a 
glimpse of. He managed to get out of the water 
unassisted, and an ambulance was called. The 
patient presented to our rural hospital with 
severe global chest pain, diaphoresis, dyspnoea 
and hypoxia (oxygen saturation of 90% while on 
15L of oxygen via Hudson mask). He had a 4cm 
wound in the left chest with subcutaneous tissue 
visible (Figure 1); this was in the seventh inter-
costal space in the midaxillary line. He also had 
a 5mm puncture site on the plantar aspect of the 
right foot just proximal to the fifth digit (Figure 
2). On chest examination, he had bilateral air 
entry with no clear lateralising signs. A small 
pneumothorax was suggested on chest X-ray 

(Figure 3), and an urgent intercostal drain was 
placed based on severe symptoms with no large 
release of air and no significant improvement to 
his oxygenation. 

He was further investigated with extended 
Focused Assessment with Sonography in Trauma 
(e-FAST), which showed no free fluid in the  
abdomen, chest or pericardium. A CT scan of the 
chest (Figure 4) and abdomen was also performed 
which showed a small residual pneumothorax 
with no other significant injury seen in the chest 
or abdomen. 

Treatment
The patient was treated with liberal IV opioids 

during his early presentation to ED; he received 
250mcg of fentanyl, 8mg of morphine as well as 
60mg of ketamine with little effect on his pain. 
His chest wound was explored in the emergency 
room with no obvious intrusion into the thoracic 
cavity found. After a washout and exploration 
of the wound with no debris found, the inci-
sion was primarily closed with non-absorbable 
sutures. The wound on his foot was inspected, 
washed out and left open. Local anesthesia, by 
way of infiltration during the exploration of the 
wound, as well as regional anesthesia (posterior 
tibial nerve block) was much more effective in 
improving his pain, significantly reducing his 
opioid requirement. Broad-spectrum IV antibiot-
ics were used as well as a tetanus ADT™ booster. 
His pain was markedly improved the next day, 
and the intercostal drain was removed.

Outcome and follow-up
The patient made a good recovery from his  

injuries and was discharged from hospital after a 
two-night admission. He remained well six months 
following the injury with no major delayed com-
plication becoming evident.
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Figure 1: Stingray injury chest.
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Figure 2: Stingray injury to the foot with oedema and erythema.
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Figure 3: Stingray injury X-ray chest with pneumothorax.

Figure 4: Chest CT with injury site.



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2022 Jul 15; 135(1558). ISSN 1175-8716
www.nzma.org.nz/journal ©PMA 

clinical 100

Discussion
The pertinent factor, in this case, was that the 

patient’s clinical signs were inconsistent with the 
underlying traumatic pathology. His presentation 
appeared to represent a more severe injury than 
what was discovered. The injury, instead, repre-
sented significant local and systemic envenom-
ation from a stingray barb. Local anesthesia was 
the most effective in terms of analgesia for this 
patient, and indeed, this is in keeping with previ-
ously reported cases.4 There is no anti-venom for 
stingray toxin, and management is primarily sup-
portive care.4 Systemic envenomation has a varied 
presentation, but commonly described symptoms 
include diaphoresis, syncope, nausea, diarrhea, and 
hypotension.1,4 There have also been cases reported 
of cardiac arrhythmias following stingray enven-
omation, including supraventricular bigeminy.5 

The mainstay of management of stingray pene-
trating trauma remains early explorative debride-
ment, tetanus prophylaxis, and broad-spectrum 
antibiotics, which is common to most dirty pen-
etrating wounds. Stingray toxin itself has been 
known to cause necrosis, and the injuries have been 
associated with necrotizing fasciitis and osteomyeli-
tis, especially if they have sub-optimal initial wound 
management.6 There have been previous necrotis-
ing soft tissue infections reported following sting-
ray injuries involving vibrio subspecies similar to 

other marine organism related injuries.5 Fluoro-
quinolones are often added to empiric antibiotic 
regimes to cover for this possibility.

Stingray venom is heat labile and can be dena-
tured with hot water immersion of the affected 
areas.1,2,4 The appropriate application of hot water 
would have been impractical for a penetrating 
thoracic wound like the one described, but it 
can be beneficial for more superficial wounds if 
the patient can tolerate this. Care must be taken 
to avoid thermal burns if using this technique; 
the toxin has to be exposed to temperatures of 
45–50°C to denature, which will be intolerable 
to some patients. It is also an important consid-
eration that a patient in such circumstances will 
typically be too distressed to accurately gauge the 
water’s temperature, therefore ensuring someone 
other than the patient assesses the water tem-
perature is necessary. 

Although there is no randomised data, pro-
spective studies indicate that this is an effective 
treatment for pain in many circumstances.7 It also 
has been previously hypothesised that local anes-
thetic itself may have some direct counteraction 
to stingray toxin.2

There are only a handful of severe thoracic 
injuries from stingrays reported in Australasia, 
of which even fewer resulted in fatalities, with 
the most notable being Steve Irwin. The fatali-
ties involved cases of direct mortal injuries from 

Figure 5: Accident Compensation Data for New Zealand: 2008 to 2018.
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trauma and delayed presentations secondary to 
necrosis and infection.1,2 Traumatic pneumotho-
raxes are rare, but have been previously reported 
secondary to stingray injuries.8 Most injuries from 
stingrays are to the upper and lower extremity 
when unlucky ocean goers encounter them when 
they are close to shore. This is confirmed by our 
national accident compensation data which 
shows 89% of the injuries with complete data 
related to stingrays in the last decade have been 
from extremity trauma (Figure 5). Usually docile 

creatures, stingrays tend to attack only if felt to 
be threatened.4

This case represents another addition to the lit-
erature of a severe penetrating thoracic trauma 
created by a stingray barb, and also another 
description of the significant regional and sys-
temic effects of stingray toxin. The standard of 
care remains supportive care, generous local 
anesthesia, exploration, and debridement of a 
wound, which could include heated irrigation 
fluid as well as broad-spectrum antibiotics.
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Face masks and falls
John Hugh Thwaites, Julia Frances Thwaites

Over the past 20 months, many New  
Zealanders have been wearing face masks 
to reduce the transmission of COVID-19. 

Masks are thought to be beneficial in terms of 
reducing the chance of transmitting respiratory 
borne viruses including COVID-19.1 Most people 
have been wearing standardised surgical masks, 
although many have opted for personalised cloth 
masks for comfort and fashion. However there 
have been reports on the difficulty of wearing 
masks due to adverse skin reactions,2 and the 
challenges of communication for those with hear-
ing loss.3 Also of concern is the increased risk 
of falls and injuries due to obscuration of infe-
rior peripheral vision caused by face masks and 
mask-related fogging of glasses.4,5  

We present two patients admitted with signif-
icant injuries due to falls resulting from wear-
ing masks. 

Case reports
The first patient was a 91-year-old woman 

who fell down two steps while adjusting flowers 
on a church altar. She attributed her fall solely 
to her face mask impairing her inferior vision, 
as she was unable to view the steps. Her vision 
and cognition were normal, and she did not wear 
glasses except for reading. She had no other sig-
nificant past medical history or disability. She 
mobilised independently and had no previous 
history of falls.

She sustained multiple facial fractures involv-
ing the maxillary sinuses, a displaced fracture of 
the floor of the left orbit, and a displaced fracture 
of the medial left pterygoid process. She also sus-
tained fractures of her left distal radius and mid-
dle finger. She was assessed by the maxillofacial 
and orthopaedic teams as not requiring surgery, 
but rather a cast for her forearm. She was trans-
ferred to a rehabilitation hospital where she made 
a slow but uneventful recovery. 

The second patient was a 74-year-old woman 
who tripped over a small concrete bollard whilst 
shopping. She attributed this entirely due to her 
inferior vision being obscured by her face mask, 
which had migrated proximally over her glasses 
with concomitant fogging of the lenses. Her 

glasses were standard single vision lenses. She 
sustained a right patella fracture and a left radial 
fracture, both requiring surgery. She had multi-
ple underlying co-morbidities including rheuma-
toid arthritis, Sjögren’s syndrome, and pulmonary 
amyloidosis and hemochromatosis; however, she 
was independently mobile and had no previous 
history of falls. She had a slow but uncomplicated 
recovery. 

Discussion
Wearing face masks is important during the 

current COVID-19 pandemic, especially for those 
at higher risk of infection.  Face masks, how-
ever, may increase the risk of falls and injuries 
through impairing inferior vision, which can be 
further exacerbated by mask-associated fogging 
of the lenses when wearing glasses.4,5 In the two 
cases presented, both patients attributed their 
falls to impaired vision from their face masks, 
and in one case this was exacerbated by associ-
ated fogging of the lenses of her glasses. 

People with impaired peripheral vision have an 
increased risk of falls and falls with injury.6 This is 
concerning for older people already at increased 
risk of falls and injuries from falls.7 

Vision and the ability to respond to visual 
cues are important factors that aid individuals 
in avoiding falls and falls with injury. Deficits in 
both central and peripheral vision can produce 
incorrect sensory inputs through misjudgments 
of distances and/or misinterpretations of spatial 
information.6 

Multifocal lens glasses designed with progres-
sive lenses, as opposed to two separate single 
lenses, can impair depth perception, and there-
fore cause impairment in detecting obstacles and 
are associated with increased risk of falls.8 How-
ever this did not apply, as our one patient wearing 
glasses was wearing single lens glasses. 

While falls in older people are commonly 
multifactorial, in these two cases both patients 
clearly attribute the falls to wearing face masks, 
and no other obvious, clinical cause for their 
falls was found. 

Strategies to reduce the risks of falls with face 
masks include: advising older people of the poten-
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tial risk of falls and injuries with face masks; 
ensuring a tight fit of the face mask to reduce 
any obstruction to vision and to reduce the like-
lihood of glasses fogging up;4 if wearing glasses,  
washing the lenses in soapy water before using 
a mask to reduce mask-related fogging;9 advis-
ing people to take their time before starting their 
walk, and to walk more slowly to allow more 

time to detect upcoming trip hazards and to plan 
a safe route.4 

However, more research is required to 
explore and determine the risks of falls and inju-
ries associated with face masks, particularly in 
older people during this pandemic, and to eval-
uate strategies to reduce such risk during these 
challenging times.



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2022 Jul 15; 135(1558). ISSN 1175-8716
www.nzma.org.nz/journal ©PMA 

clinical 105

competing interests
Nil.

author information
John Hugh Thwaites: Consultant Physician,  

Older Persons Health, Canterbury District  
Health Board, Christchurch.

Julia Frances Thwaites: University of Otago,  
Christchurch School of Medicine, Christchurch.

corresponding author
John Hugh Thwaites: Consultant Physician, Older 

Persons Health, Canterbury District Health Board,  
Christchurch. john.thwaites@cdhb.health.nz

url
www.nzma.org.nz/journal-articles/face-masks-and-falls

references
1. Chu D K, Akl E A, Duda S, Solo K, Yaacoub S, 

Schunemann HJ, et al. Physical distancing, face 
masks, and eye protection to prevent person-to-
person transmission of SARS-CoV-2 and COVID-19: 
a systematic review and meta-analysis. Lancet. 
2020;395(10242):1973-87.

2. Techasatian L, Lebsing S, Uppala R, Thaowandee W, 
Chaiyarit J, Supakunpinyo C, et al. The Effects of the 
Face Mask on the Skin Underneath: A Prospective 

Survey During the COVID-19 Pandemic. J Prim Care 
Community Health. 2020;11:2150132720966167.

3. Chodosh J, Weinstein B E, Blustein J. Face masks 
can be devastating for people with hearing loss. 
BMJ. 2020;370:m2683.

4. Kal E C, Young W R, Ellmers T J. Face masks, vision, 
and risk of falls. BMJ. 2020;371:m4133.

5. Dankert J F, Virk M S. Mask-Related Glasses 
Fogging: A Predisposing Mechanism of Falls 
during the COVID-19 Pandemic. Case Rep Orthop. 
2021;2021:5600216.

6. Patino C M, McKean-Cowdin R, Azen S P, Allison J C, 
Choudhury F, Varma R, et al. Central and peripheral 
visual impairment and the risk of falls and falls with 
injury. Ophthalmology. 2010;117(2):199-206 e1.

7. Abey-Nesbit R, Schluter P J, Wilkinson T, Thwaites 
J H, Berry S D, Jamieson H A. Risk factors for hip 
fracture in New Zealand older adults seeking home 
care services: a national population cross-sectional 
study. BMC Geriatr. 2019;19(1):93.

8. Lord S, Dayhew J, Sc B, Howland A. Multifocal 
Glasses Impair Edge-Contrast Sensitivity and Depth 
Perception and Increase the Risk of Falls in Older 
People. Journal of the American Geriatrics Society. 
2002;50(11):1760-1766.

9. Malik S S, Malik S S. A simple method to prevent 
spectacle lenses misting up on wearing a face mask. 
Ann R Coll Surg Engl. 2011;93(2):168.



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2022 Jul 15; 135(1558). ISSN 1175-8716
www.nzma.org.nz/journal ©PMA 

clinical 106

A case of macroenzyme aspartate 
aminotransferase (macro-AST)  
in a patient with seronegative 
rheumatoid arthritis
Bobby Li, James Falvey, Linda Pike, Christiaan Sies, Peter Chapman, Chris Florkowski

A spartate aminotransferase (AST) is com-
monly measured as part of a liver func-
tion test panel. Although elevations in 

AST may indicate hepatic disease, AST elevations 
are not as liver specific as alanine aminotransfer-
ase (ALT) elevations, and they are also associated 
with myositis, rhabdomyolysis, acute myocardial 
infarction or haemolysis. Although not widely rec-
ognised by physicians, macroenzyme aspartate 
aminotransferase (macro-AST) caused by immu-
noglobulin binding to AST is also as an uncom-
mon cause of AST elevation. 

Case report
A 19-year-old female Caucasian patient with 

probable seronegative rheumatoid arthritis, 
with pain in her wrists, fingers and ankles and 
with associated stiffness, came to our atten-
tion following five weeks of consistently raised 
AST on three separate occasions (260–288 U/L  
(Reference Interval (RI): 0–50)). This was in the 
setting of otherwise normal liver function tests 
that were performed before commencing sul-
fasalazine. AST was measured using the Abbott 
ARCHITECT c16000. AST seven months previ-
ously was 28 U/L.

A number of investigations were performed 
to determine the cause of elevated AST, includ-
ing measurement of creatine kinase (CK) and 
abdominal ultrasound, as well as a miscellaneous 
screen for causes of liver disease. AST recovery 
post polyethylene glycol (PEG) precipitation was 
determined to investigate for macro-AST. For 
this, 200 µL of 24% PEG 6,000 was added to 200 
µL of patient sample, incubated at 20 minutes at 
37°C and centrifuged at 3,000 rpm for five min-
utes. 200 µL of supernatant was diluted with 200 
µL of 0.9% sodium chloride and vortexed before 
analysis for AST. The resulting AST was multi-
plied by four to account for dilution.

Results
The post-PEG recovery of AST was less than 4%, 

compared with 48% in a control patient, strongly 
suggestive of macro-AST (Table 1).

Normal CK (89 U/L (RI: 30–180)) suggested no 
substantial muscular source to explain elevated 
AST. Abdominal ultrasound demonstrated nor-
mal liver. Iron studies demonstrated iron defi-
ciency rather than overload, with a transferrin 
saturation of 7% (RI: 16–45), and a ferritin of 49 
μg/L (RI: 20–200) in context of a CRP of 11 mg/L 
(RI: <5). Caeruloplasmin was normal (0.47 g/L 
(RI: 0.15–0.60)). Alpha-1 antitrypsin had normal 
MM phenotype and level (2.9 g/L (RI: 1.0–2.0)). 
Alpha-fetoprotein was not elevated (<5 μg/L (RI: 
0–16)). Hepatitis B and C serologies were nega-
tive. Anti-nuclear antibodies (ANA) were detected 
at 1:320 in a homogeneous, chromosome positive 
pattern (Table 2). Haemolysis was not considered 
likely, with a haemoglobin of 130 g/L and bilirubin 
of 5 µmol/L.

Due to analyser changeover in our laboratory, 
AST was subsequently found to be elevated on 
the Beckman Coulter AU5800. Interestingly, our 
patient’s AST normalised nine months following 
the initial presentation (Figure 1).

Discussion
We describe a case of macro-AST in a patient 

with probable seronegative rheumatoid arthritis, 
supported by low post-PEG recovery of AST, and 
substantial exclusion of muscular or liver related 
causes of AST elevation.

Macro-AST is caused by immunoglobulin bound 
to AST, leading to decreased clearance of AST 
and elevated levels of AST in the plasma. Immu-
noglobulin G (IgG), immunoglobulin A (IgA) and 
immunoglobulin M (IgM) bound to AST have all 
been described.1–8 Macro-AST is generally benign. 



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2022 Jul 15; 135(1558). ISSN 1175-8716
www.nzma.org.nz/journal ©PMA 

clinical 107

Table 2: Biochemistry of patient.

Biochemistry Result Reference Interval

Albumin 38 g/L 32–48

Bilirubin 5 µmol/L 2–20

Alkaline phosphatase (ALP) 76 U/L 30–150

Gamma-glutamyl transferase (GGT) 14 U/L 10–35

Aspartate aminotransferase (AST) 260 U/L 10–50

Alanine aminotransferase (ALT) 24 U/L 0–30

C-reactive protein (CRP) 11 mg/L <5

Hepatitis C antibody Negative Negative

Hepatitis B surface antigen Negative Negative

Hepatitis B surface antibody Negative

Hepatitis B core antibody Negative Negative

Transferrin saturation 7% 16–45

Ferritin 49 µg/L 20–200

Creatine kinase 89 U/L 30–180

Glycated haemoglobin (HbA1c) 29 mmol/mol 20–40 mmol/mol

Copper 27.5 µmol/L 11.3–25.2

Caeruloplasmin 0.47 g/L 0.15–0.60

Alpha-1 antitrypsin level 2.9 g/L 1.0–2.0

Alpha-1 antitrypsin phenotype MM MM

Alpha-fetoprotein (AFP) <5 µg/L 0–16

Immunoglobulin G (IgG) 14.5 g/L 7.0–14.0

Immunoglobulin A (IgA) 0.8 g/L 0.8–3.5

Immunoglobulin M (IgM) 0.5 g/L 0.5–2.0

Autoantibody screen

Anti-nuclear antibody
1:320, homogeneous, chromosome 
positive

None detected

Smooth muscle None detected None detected

Mitochondrial antigens None detected None detected

Liver Kidney Microsomal None detected None detected

Table 1: Low post-PEG recovery of AST in case vs control sample indicative of macro-AST.

Sample Pre-PEG AST (U/L) Post-PEG AST (U/L) % Recovery post-PEG

Current patient 291 <12 <4%

Control sample 233 112 48%
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Although its pathogenesis is unclear, there have 
been other case reports of macro-AST in associa-
tion with rheumatological conditions in the liter-
ature, hypothesised to be due to dysregulation of 
immune tolerance.3,4 Prevalence is reported as 
22–38.6% of paediatric patients with persistently 
isolated elevated AST, and 13.1% of adult patients 
with elevated AST and AST/ALT ratio.5–7

Macro-AST is an under recognised cause of 
AST elevation. In the appropriate clinical setting, 
an isolated elevation in AST should lead to corre-
spondence with the laboratory to enable relevant 
studies to investigate the diagnosis of macro-AST. 

In some patients, macro-AST resolves sponta-
neously with time.5 A percent precipitable activity  
≥75% (i.e., post-PEG recovery ≤25%) was pre-
viously found to be the optimal threshold for  
determining macro-AST using 24% PEG 6,000.5 
Beyond PEG precipitation, other methods to prove 
macro-AST include gel filtration chromatogr 
aphy, ultrafiltration and Protein A or G immu-
nodepletion (if it is an IgG macroenzyme).5,8 
Recognition of macro-AST as the cause of ele-
vated AST is critical to avoid misattribution of 
elevated AST and avoid unnecessary invasive 
investigations.

Figure 1: Change in patient’s AST over time. Upper reference limit indicated as the horizontal dashed line (50 U/L) 
and analyser changeover indicated by a solid vertical line. 
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Provision for Unmarried Maternity Cases
NZMJ, July 1922

url: www.nzma.org.nz/journal-articles/provision-for-unmarried-maternity-cases

In the course of the interview which the rep-
resentatives of the New Zealand Branch of the 
B.M.A. had with the Minister of Heath and the 
Minister of Justice on 24th March, the reference 
was made to the refusal of authorities to admit 
unmarried women to the state of maternity hos-
pitals for confinement.

The members of deputation said it was con-
sidered by the Association that the Government’s 
attitude should be not to make the difficulties of 
“the illegitimate” too great. The position at present 
was that women who had made the wrong step, 
but who were prepared to face the consequences 
rather than make a second blunder and risk their 
life by seeking abortion, had the doors of State 
maternity hospitals shut upon them and they were 
almost forced into the hands of the abortion-mon-
ger, or of the unscrupulous irregular midwife who 
took advantage of the patient’s dire circumstances 
to fleece her. The only other possible way out was 
to enter one or other of the religious institutions 
provided for these people, but by so doing the 
stigma of illegitimacy was emphasised and gen-
erally there were conditions attached to entrance 
which could not always be complied with. 

In every way, it was submitted, the condition 
of the “illegitimate” was made too hard, and that, 
however moralists might view the question, it was 
not for the State to penalise or victimise its mem-
bers who had erred against social law in comply-
ing, perhaps with natural law.

In the Melbourne and Sydney State maternity 
hospitals married and single alike were admitted. 
There was absolutely no distinction to be made. 
A single girl could assume a married name and 
could be placed alongside a married woman who 
regarded her as married. As far as was known no 
complaint had been made against such admis-
sions. In New Zealand when a single girl in trou-
ble came to a doctor he could only advise her to go 

to the Salvation Army Home, or some such institu-
tion. If, for instance, she was advised to go to St. 
Mary’s Home, in Auckland, she demurred because 
everyone knew that single girls went there. If she 
should be told to go to the St. Helen’s or some 
other maternity hospital, and that no difference 
would be made because she was single, she would 
be easier in mind, and would get quickly over her 
trouble, and it would undoubtedly tend to dimin-
ish abortion. In the opinion of the deputation it 
would noy tend to an increase of illegitimacy.

Further, it was thought that some provision 
should be made for the care of illegitimate chil-
dren who might eventually become very valuable 
citizens, as they often did. A girl who had to go 
to her daily occupation might not be able to pay 
a premium for the adoption of her child, and if 
a home could be established it would be of great 
service to the State. There was at least one such 
home in Melbourne.

The opportunity was also taken of directing the 
attention of both the Ministers to what the mem-
bers of the deputation considered the inadequate 
punishment meted out to men found to be guilty 
of carnal knowledge with young girls of the age of 
14, or even younger, and more especially to those 
scoundrels who at the same time infect them with 
venereal disease. It was pointed out that many of 
these criminals pleaded guilty, that no medical evi-
dence was called to prove the great damage done 
to these children, and that they frequently got off 
with the absurd punishment of two years’ impris-
onment. The deputation strongly urged that in all 
such cases a report of medical examination be 
submitted, and that the widest powers be given to 
judges in dealing with this class of criminal.

——— 
After some discussion on the several questions 

raised, the Minster of Health promised to carefully 
consider the representations made by the deputation.


