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Equity of publicly-funded hip and knee joint replacement 
surgery in New Zealand: results from a national observational 

study
Helen Harcombe, Gabrielle Davie, Sarah Derrett, Haxby Abbott,  

David Gwynne-Jones
The provision of publicly-funded hip and knee total joint replacement (TJR) procedures varies 
between District Health Boards (DHBs) and national rates have not increased since 2007, 
new University of Otago research has found. The Dunedin School of Medicine study, which 
appears in the latest edition of the New Zealand Medical Journal, examined rates of elective 
TJR procedures between 2006 and 2013. Study principal investigator Dr Helen Harcombe says 
that geographically-based inequities emerged from the research. “Even taking into account 
age and ethnicity, rates of TJR procedures varied between DHBs, with DHBs covering larger 
populations tending to have lower rates than smaller ones” Dr Harcombe says. The study also 
showed that while there has been an increase in the number of TJR procedures carried out 
in the public system between 2007 and 2013, rates are barely keeping pace with a growing 
population. The number of publicly-funded TJR procedures increased by six percent over this 
period, but New Zealand’s growing population meant the surgery rate per head of population 
(aged over 20 years) actually decreased by 0.6 percent.

Access to orthopaedic spinal specialists in the Canterbury 
public health system: quantifying the unmet need

Tom Inglis, Rowan Schouten, Kristian Dalzell, Jeremy Evison, Grahame Inglis
This study quantifies the unmet need for both Spinal Orthopaedic Specialist assessment and 
if warranted, surgical management of elective spine conditions within the Canterbury public 
health system. It highlights the degree of rationing within the public health system and its 
failure to adequately provide for the Canterbury Public.

Rebalancing health service use for older people: simulating 
policy-relevant scenarios under demographic ageing

Roy Lay-Yee, Janet Pearson, Peter Davis, Martin von Randow, Ngaire Kerse, Laurie 
Brown

The ageing of society has major implications for providing health services. We use a simu-
lation model of a representative sample of older New Zealand people to study their use of 
health services. Our model shows that, in the near future, there will be a moderate increase in 
long-term illness and health service use. When we simulate a reduction in long-term illness, 
the effect is a moderate reduction in overall health service use. When we simulate an increase 
in people visiting the practice nurse at least once a year, the effect is a substantial reduction in 
use of other health services particularly public hospital admissions.

Epidemiology of intussusception in New Zealand pre-rotavirus 
vaccination

Bronwyn Rosie, Stuart R Dalziel, Elizabeth Wilson, Emma J Best
Intussusception is a rare form of gut obstruction seen in infants typically aged between six to 
nine months. It rarely can occur in the first week after a baby receives his/her first or second 
rotavirus vaccination. Since 2014 rotavirus vaccination has been given in New Zealand to all 
babies at age six weeks, three months and five months —this is expected to prevent thousands 
of hospitalisations with rotavirus diarrhoea. We set out to describe intussusception rates in 
New Zealand babies to compare with other parts of the world, and understanding background 
rates of intussusception is an important way to monitor rotavirus vaccination safety.

SUMMARIES
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Publication rates and characteristics of undergraduate 
medical theses in New Zealand

Ibrahim Saleh Al-Busaidi, Yassar Alamri
In New Zealand, the fate and publication rates of theses produced by medical students is 
unknown. Adding to the existing literature on New Zealand medical student research and 
publishing, this study sheds light on their contribution to international scientific literature. 
During the period from January 1995 to December 2014, almost one-third of BMedSc(Hons) 
theses resulted in a publication in a peer-reviewed journal. Although higher than reported 
figures from previous studies, publication rates of BMedSc(Hons) theses remain lower than 
expected. To improve our understanding of medical student publishing in New Zealand, 
formal examination of the factors hindering medical students from publishing their theses 
is imperative.

How effective is our current Orthopaedic Prioritisation Tool 
for scoring patients for arthroplasty surgery?

Neal Singleton, Lewis Agius, Sudhindra Rao
The aim of this study was to compare those patients being accepted onto the waiting list for 
total hip or knee replacement in Hawke's Bay with those being declined surgery using the 
Oxford score which is a validated questionnaire for assessing patient function. Patients are 
currently prioritised for surgery using a non-validated tool which scores patients according 
to their symptoms and likely benefit from surgery. We found that there was no difference 
between those patients being accepted for surgery and those being declined surgery. In 
other words, patients were equally disabled. Patients being seen in Hawke's Bay Hospital for 
consideration of arthroplasty surgery are severely disabled and yet nearly half are declined 
surgery. This paper has highlighted the issue of unmet need for arthroplasty surgery which is 
becoming an increasing issue with New Zealand’s ageing population.

Parental smoking during pregnancy: findings from the 
Growing Up in New Zealand cohort

Gayl Humphrey, Fiona Rossen, Natalie Walker, Chris Bullen
We used the Growing Up in New Zealand cohort study, which follows a group of people over 
a number of years, to explore smoking behaviour in cycle one of the study which was when 
all the women in the study were pregnant. This paper looked at factors that may contribute 
to women who continued to smoke during pregnancy and also the exposure to second-hand 
smoke. We used analyses to show the importance of these factors in reducing or stopping 
smoking as well as what factors influenced continued smoking.

Low FODMAP diet efficacy in IBS patients—what is the 
evidence and what else do we need to know?

Tim Kortlever, Clarice Hebblethwaite, Julie Leeper, Leigh O'Brien, Chris Mulder, 
Richard B Gearry

Irritable Bowel Syndrome (IBS) is a common gastrointestinal disorder characterised by inter-
mittent abdominal pain with altered bowel habit. Low FODMAP diet has been shown to 
reduce gastrointestinal symptoms in people with IBS. Low FODMAP diet should be taught by 
an experienced dietitian.

SUMMARIES
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Access to joint replacement: 
have we got it right?

Gary Hooper

Much has been talked about the ageing 
population and its impact on current 
and future health delivery. Within New 
Zealand we can expect a similar pattern to 
other developed countries, with a rapidly 
increasing aged population who have 
improved health and functional require-
ments compared to previous generations. 
The 65+ age group is likely to make up over 
one quarter of our population in the late 
2030s.1 Musculoskeletal problems comprise 
well over 50% of chronic conditions 
affecting those over 50 years of age2 and 
are the second leading cause for disability 
worldwide.3 Although governments have 
been alerted to this for some time with 
such initiatives as the New Zealand joint 
initiative (2006), few changes have occurred 
to create strategies to deal with this burden 
of disease. Osteoarthritis is one of the most 
common age-dependent diseases, which 
has resulted in the recent and predicted 
marked increase in requirement for joint 
replacement as a remedy for the debili-
tating pain associated with this condition.4 
Harcombe et al in “Equity of publical-
ly-funded hip and knee replacement surgery 
in New Zealand: Results from a national 
observational study” criticise the current 
funding strategies, highlighting significant 
differences between District Health Boards 
(DHBs) in New Zealand and the fact that 
there has been no real increase in provision 
of these procedures between 2006 and 2013 
within public hospitals. They conclude 
that females, patients over 75 years, Māori, 
poorer socioeconomic groups and smaller 
DHBs were all associated with higher rates 
of publically funded surgery, which may 
indicate that the most vulnerable groups 
are being targeted, however, as pointed out 
by the authors, this “fails to meet the Minis-
try’s key objective of equity across  
the country”. 

The introduction of a four-month 
waiting list, although well intentioned, has 
created further problems with patients 
reaching the surgical threshold but being 
dismissed due to inability to perform the 
surgical procedure in the mandated time-
frame. One of the advantages of having 
a longer waiting list has been the ability 
of patients to get a surgical assessment 
and confirmation of diagnosis as well as 
surety that surgery will help. Currently 
patients with clinical need are being denied 
access to Waiting lists. Singleton et al in 
“How effective is our current Orthopaedic 
Prioritisation Tool for scoring patients for 
arthroplasty surgery?” have confirmed 
that patients not accepted on to waiting 
lists have similar functional needs to those 
that have been accepted. This suggests that 
severely impaired patients are being denied 
this life changing surgery. This is a common 
theme in a number of recent studies5,6 
and highlights that there is a significant 
unmet need within our community. The 
recent introduction of a national prioriti-
sation tool (CPAC), which has been specially 
developed and validated to prioritise all 
patients accepted onto the waiting list, may 
enable direct comparison between subspe-
cialties and different DHBs. This may result 
in better distribution of resources and 
improve equity of access. However, priori-
tising patients on a waiting list is irrelevant 
if they still fail to access surgery.

Not only is there a problem accessing 
waiting lists, there is also a signif-
icant problem in obtaining the first 
specialist assessment (FSA) required to 
even be considered for surgery, further 
compounding this unmet need. Triage 
of patients (rationing) is required to 
ensure that DHBs remain compliant with 
the Ministry’s mandate that all patient 
accepted for a FSA must be seen within 
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four months. Recent data from Canterbury 
show that 74% of spinal referrals requesting 
a FSA were declined due to lack of clinical 
resource7 and a similar pattern was 
observed for hip and knee referrals with 
approximately 50% declined. This is just 
the tip of the problem as targeted areas of 
need, such as hip and knee arthroplasty, 
have been relatively privileged compared to 
other musculoskeletal conditions. 

Obviously there is a resource problem. 
Both of the above studies have docu-
mented the current failings in orthopaedic 
waiting times and shown that the current 
model of care is not working. Attracting 

increased health expenditure in this area 
has been difficult for a specialty which 
largely deals with healthy patients whose 
disability does not have the emotive over-
tones of specialties involved with “cancer, 
cardiac or kids”. Increasing health expen-
diture alone, without increasing the overall 
“surgical resource” is not the solution. This 
must be recognised by the Ministry and a 
co-ordinated approach, with DHBs, Ortho-
paedic departments and the New Zealand 
Orthopaedic Association in conjunction 
with community engagement to change 
the model of health delivery, is urgently 
required to avoid the unnecessary suffering 
of patients with musculoskeletal disorders. 
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Equity of publicly-
funded hip and knee joint 

replacement surgery in 
New Zealand: results from a 
national observational study

Helen Harcombe, Gabrielle Davie, Sarah Derrett, Haxby Abbott,  
David Gwynne-Jones

ABSTRACT
AIM: This study examines equity in the provision of publicly-funded hip and knee total joint replacement 
(TJR) surgery in New Zealand between 2006 and 2013 to: 1) investigate national rates by demographic 
characteristics; 2) describe changes in national rates over time; and 3) compare rates of provision between 
District Health Boards (DHBs).

METHODS: Hospital discharge data for people aged 20 years or over who had at least one hip or knee TJR 
between 2006 and 2013 was obtained from the Ministry of Health’s National Minimum Dataset.

RESULTS: Higher TJR rates were observed among those aged 75–84 years, females, those of Māori ethnicity, 
those not living in rural or main urban areas and those in the most deprived socio-economic groups. 
TJRs increased from 7,053 in 2006 to 8,429 in 2013, however the rate was highest in 2007. In 2012–13, 
age-ethnicity-standardised rates varied between DHBs from 196 to 419/100,000 person years, with larger 
DHBs having lower rates than smaller DHBs.

CONCLUSION: There was evidence of geographic inequity in TJR provision across New Zealand. Despite 
increased numbers of procedures, rates of publicly-funded TJR surgery are barely keeping up with 
population increases. Reasons behind differences in provision should be examined.

Healthcare budgets are constrained and 
there are perennial concerns about the 
potential mismatch between health-care 
need and the provision of publicly-funded 
services. Ageing populations1 and techno-
logical advances2 are increasing pressures 
on healthcare budgets and the prioritisation 
of healthcare services can be required.3 One 
area that is likely to be affected by these 
pressures is total joint replacement (TJR) 
surgery. The most common reason for TJR 
surgery in New Zealand is osteoarthritis 
(OA)4 that is not responding adequately 
to conservative treatment. OA has a high 
prevalence among older adults5,6 with 29% 
of New Zealanders aged over 65 years 
diagnosed with this condition.7 This is 
important to consider as, currently in New 
Zealand, those aged over 65 years comprise 
14% of the population but this is predicted 

to increase to 27% in 2063.8 Therefore, 
demand for TJR will likely increase substan-
tially. In New Zealand, hip TJR surgery 
(including privately-funded procedures) has 
already increased between 1999 and 2013 
by 75%; there was a corresponding 158% 
increase for knee TJR surgery.6 However, 
despite these increases, concerns have been 
raised that the provision of these proce-
dures may not be expanding sufficiently to 
keep up with increases in clinical need or 
population changes.9

Publicly-funded healthcare in New 
Zealand is provided by 20 District Health 
Boards (DHBs) “…responsible for providing 
or funding the provision of health services 
in their district.”10 In New Zealand, priori-
tisation scoring tools are used to determine 
access to publicly-funded TJR surgery. This 
should ensure equitable access across the 
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country. However, Derrett et al (2009)11 
found a lack of equity between DHBs in the 
provision of elective hip and knee TJR (2000 
to 2005), and an analysis of New Zealand 
newspaper articles and Parliamentary 
questions from 2000–2006 found that “…
access inequities remained a persistent 
theme…” (p.57).12 Although there has been 
an increase in funding for TJR surgery in 
New Zealand in recent years it is not clear 
whether that has translated into increased 
rates of surgical provision. Additionally, 
any increases in provision of TJR should be 
equitable with regard to geographic and 
demographic determinants such as place of 
residence, age, sex, ethnicity and socioeco-
nomic deprivation.13 This paper examines 
publicly-funded elective hip and knee TJR 
surgery provision among DHBs in New 
Zealand from 2006–2013. The aims of this 
study are to: 

1. describe changes in rates of public-
ly-funded hip and knee TJR surgery 
nationally between 2006 and 2013, 

2. investigate whether national rates 
vary according to age, sex, ethnicity, 
small-area deprivation and rurality, 
and 

3. determine whether the provision of 
publicly-funded hip and knee TJR 
surgery is equitable across DHBs in 
New Zealand.

Methods
This study examined New Zealand 

hospital discharge data for publicly-funded 
hip and knee TJR surgery from 2006–2013. 
Ethical approval for the study was received 
from the University of Otago Human Ethics 
Committee (Reference number D13/253). 
Relevant hospital discharge data was 
obtained from the Ministry of Health’s 
National Minimum Dataset (NMDS).14 The 
NMDS is a national collection containing 
publicly-funded hospital discharges and 
some privately-funded hospital discharges. 
Data was obtained for patients with at 
least one publicly-funded hip or knee TJR 
procedure who were discharged between 1 
January 2006 and 31 December 2013. This 
time period was chosen as similar work on 
this topic11 analysed data up until the end of 
2005, and 2013 data was the latest available 
at the time this study commenced. The 

variables obtained from the NMDS included 
the International Classification of Diseases 
version 10 (ICD10) clinical code, age at 
discharge, sex, domicile code, ethnicity, type 
of admission, diagnosis type, event dates 
and the principal health service purchaser. 
As well as waiting list admissions, arranged 
admissions defined as “a planned admission 
where: the admission date is less than seven 
days after the date the decision was made 
by the specialist that the admission was 
necessary…”14 were also included as these 
were likely to capture urgent sub-acute OA 
patients. Acute admissions and injury admis-
sions (primary diagnosis code within ICD10 
S00-T98)15 were excluded as were those 
under 20 years of age at time of surgery 
and overseas residents. Hip and knee TJR 
surgeries were identified using the clinical 
codes in the 3rd edition of the Australian 
Modification of ICD10.15 The specific proce-
dures included were: total arthroplasty of 
hip, total arthroplasty of knee, total arthro-
plasty of knee with bone graft to femur 
or to tibia, total arthroplasty of knee with 
bone graft to femur and tibia and total 
replacement arthroplasty of patellofemoral 
joint of knee. Hemiarthroplasty of the knee 
was also included because indications for 
this are similar to TJR and their popularity 
may vary across the country. Revisions of 
hip and knee joint replacements were not 
included as the aim was to focus on primary 
procedures. Records with missing or historic 
domicile codes that could not be forward-
mapped were excluded as these could not 
be analysed by DHB, area-level deprivation 
or rurality. Self-identified ethnicity data 
collected at the patient’s health event was 
obtained from the NMDS. The recording 
of at least one ethnicity is mandatory, and 
two additional ethnic group codes may be 
recorded.14 As the DHB-level denominator 
data was only available by ‘prioritised 
ethnicity’, this approach was used in our 
analyses with estimates obtained for 
Māori, Pacific, Asian and Other ethnicity 
groupings. Prioritisation follows a Statistics 
New Zealand (SNZ) algorithm with the end 
result being each person associated with 
only one ethnic group.16 Māori ethnicity has 
the highest priority, meaning that people 
who identified as both Māori and any other 
ethnicities are classified as Māori. For 
example, those who identify as both Māori 
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and Pacific are classified as Māori. Pacific 
ethnicity is given the next highest priority 
with those who identify as Pacific and any 
other ethnicity (apart from Māori) being 
classified as Pacific.

The New Zealand Deprivation Index 
(NZDep2006) is a “…small-area index of 
relative socio-economic deprivation…”17 
(p.S7) derived from 2006 Census data. The 
NZDep scale runs from one (an area in the 
least deprived 10% of small areas) to 10 (in 
the 10% most deprived small areas). The 1:1 
mapping between domicile codes available 
in the NMDS and Census area units used by 
SNZ enabled NZDep to be assigned to each 
TJR discharge record. Rurality was also 
derived from domicile codes by 1:1 mapping 
with SNZ’s Census area units and SNZ’s 
Urban/Rural Profile Classification.18 The 
seven categories of the Urban/Rural profile 
were categorised for analysis as: 

1. ‘Main Urban’ (described as being “…
very large and centred on a city or 
main urban centre… minimum popu-
lation of 30,000”),18 

2. ‘Other Urban’ which consisted of 
‘Satellite Urban’ (“defined as urban 
areas (other than main urban areas) 
where 20 percent or more of the 
usually resident employed popula-
tion’s workplace address is in a main 
urban area”18 and ‘Independent 
Urban’ (defined as for Satellite Urban 
but <20 percent with a main urban 
area workplace), and 

3. ‘Rural’ comprising the four rural 
profiles (‘Rural Areas with a High 
Urban Influence,’ ‘Rural Areas with 
a Moderate Urban Influence,’ ‘Rural 
Areas with a Low Urban Influence’ 
and ‘Highly Remote Areas’). 

Denominator data were sourced from 
SNZ, and restricted to those aged 20 years 

and above. Annual resident population 
estimates by year, ethnicity, sex, age group 
and DHB region for 2006–2013 were calcu-
lated by SNZ. Usually resident population 
counts from the 2006 Census were used for 
calculations involving rurality and depri-
vation. In 2010 the Southern DHB was 
created from a merger of two DHBs (Otago 
and Southland); for this study we combined 
data from those DHBs and considered them 
as the Southern DHB throughout the period 
analysed. Crude rates per 100,000 person 
years (py) were calculated and presented 
alongside exact Poisson 95% Confidence 
Intervals (CIs). Age-standardised rates (ASRs) 
were calculated using direct standardisation 
and five-year age groups. Ten five-year age 
groups (<45, 45–49…80–84, 85+) were used 
for sex and ethnicity ASRs. Denominator data 
for deprivation and rurality ASRs was not 
available disaggregated by age for those over 
65 years so these ASRs were calculated using 
age groups <45, 45–49, 50–54, 55–59, 60–64, 
65+ years. Age- and ethnicity-standardised 
rates (AESRs) by DHBs were calculated in 
a similar way using four prioritised ethnic 
groups: Māori, Pacific, Asian and Other. 
Linear trends in rates were analysed using 
Poisson regression. Pitman’s variance ratio 
test was used to compare the distribution 
of AESRs by DHB over time. Analyses were 
carried out using Stata/SE (version 13.1).19

Results
Of the 74,784 procedures obtained from 

the NMDS for people with at least one 
publicly-funded hip or knee TJR and a date 
of discharge between 2006 and 2013, 62,907 
(84.1%) met the inclusion criteria. Figure 
1 details the exclusions. Of these 62,907 
publicly-funded primary hip or knee TJR 
procedures, 2% were bilateral joint replace-
ments giving a total of 64,222 primary hip or 
knee joints replaced (Table 1).
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Figure 1:
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Table 1: Publicly-funded primary total hip and knee joint replacement procedures in those aged 20 
years and over, 2006–2013 by District Health Board (DHB).

District Health Board Overall
N

Bilateral
%

Population* Overall Crude Rate** 
(95% CI)

Ranking/20***

Auckland 3,472 1.8 330,660 131.3 (126.9, 135.7) 20

Bay of Plenty 4,373 1.9 149,663 365.2 (354.5, 376.2) 5

Canterbury 6,781 2.5 367,993 230.3 (224.9, 235.9) 16

Capital and Coast 3,001 5.4 211,259 177.6 (171.3, 184.0) 19

Counties Manukau 5,636 2.8 318,674 221.1 (215.3, 226.9) 17

Hawke's Bay 2,703 0.2 109,900 307.4 (296.0, 319.3) 11

Hutt Valley 1,918 5.3 100,735 238.0 (227.5, 248.9) 15

Lakes 1,827 1.4 71,043 321.5 (306.9, 336.6) 9

Mid Central 2,719 1.2 118,968 285.7 (275.1, 296.6) 12

Nelson Marlborough 3,015 2.4 102,653 367.1 (354.2, 380.5) 4

Northland 2,987 1.8 112,131 333.0 (321.2, 345.1) 8

South Canterbury 1,460 0.3 41,890 435.7 (413.6, 458.6) 3

Southern 4,734 2.7 222,008 266.5 (259.0, 274,2) 14

Tairawhiti 889 0.1 31,134 356.9 (333.8, 381.2) 7

Taranaki 2,013 1.3 79,248 317.5 (303.8, 331.7) 10

Waikato 5,757 1.4 256,493 280.6 (273.4, 287.9) 13

Wairarapa 866 0.9 29,839 362.8 (339.0, 387.8) 6

Waitemata 6,274 2.0 378,591 207.1 (202.1, 212.3) 18

West Coast 871 0.6 24,241 449.1 (419.8, 480.0) 1

Whanganui 1,611 0.8 45,012 447.4 (425.8, 469.8) 2

Total 62,907 2.1 3,102,133 253.5 (251.5, 255.5)

*Population = Average DHB population for 2006–2013 of those aged 20 years and over.
** Rate/100,000 person years.
***Ranking is from highest to lowest overall crude rate for the 20 DHBs.

Table 2: Publicly-funded hip and knee total joint replacement procedures in New Zealand for those 
aged 20 years and over from 2006–2013 by year.

Discharge Year Denominator Number Rate* 95% CI

2006 2982345 7,053 236.5 (231.0, 242.1)

2007 3015800 7,943 263.4 (257.6, 269.2)

2008 3046505 7,535 247.3 (241.8, 253.0)

2009 3083845 7,934 257.3 (251.7, 263.0)

2010 3124770 7,745 247.9 (242.4, 253.4)

2011 3158140 7,950 251.7 (246.2, 257.3)

2012 3185125 8,318 261.2 (255.6, 266.8)

2013 3220535 8,429 261.7 (256.2, 267.4)

*Rate/100,000 person years of those aged 20 years and over.
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Nationally, the number of publicly-funded 
hip and knee TJR procedures increased 
by 19.5% from 7,053 in 2006 to 8,429 in 
2013 (Table 2) while the rate increased 
by only 10.7%. The rate peaked in 2007 at 
263/100,000 py before decreasing (2008–
2011) and returning to 261 and 262/100,000 
py in 2012 and 2013 respectively. Although 
there was a statistically significant increase 
in the rates from 2006 onwards (p-value 
<0.001), there is no evidence to suggest 
a linear change in the rates from 2007 
onwards (p-value=0.2).

From 2006 to 2013 inclusive, the highest 
rate of publicly-funded hip and knee TJR 
procedures was for those aged 75–84 years 
at the time of surgery (1,063/100,000 py) 
followed by those aged 65–74 (907/100,000 
py), with the lowest rate among those aged 
less than 55 years (45/100,000 py) (Table 
3). ASRs were significantly higher for 
females (260/100,000 py) than for males 
(246/100,000 py).

The crude TJR rate of 300/100,000 py 
was highest among those categorised as 
‘Other’ ethnicity (ie those not identifying 

Table 3: Publicly-funded primary hip and knee total joint replacement procedures for those aged 20 years 
and over for 2006–2013 by socio-demographic characteristics.

Denominator* N Annual 
crude 
rate

(95% CI)** ASR*** (95% CI)

Overall 3,102,133 62,907 253.5 (251.5, 255.5) -- -- --

Age group (years)

<55 2,066,311 7,405 44.8 (43.8, 45.8) -- -- --

55–64 474,338 14,939 393.7 (387.4, 400.0) -- -- --

65–74 311,123 22,581 907.2 (895.4, 919.2) -- -- --

75–84 183,611 15,611 1062.8 (1046.2, 1080.0) -- -- --

85+ 66,751 2,371 444.0 (426.3, 462.2) -- -- --

Sex

Female 1,612,114 34,075 264.2 (261.4, 267.0) 259.7 (257.0, 262.5)

Male 1,490,019 28,832 241.9 (239.1, 244.7) 246.2 (243.4, 249.1)

Prioritised Ethnicity

Māori 366,255 5,793 197.7 (192.7, 202.9) 303.1 (294.8, 311.5)

Pacific 158,319 1,809 142.8 (136.3, 149.6) 224.2 (213.4, 235.0)

Asian 327,923 1,259 48.0 (45.4, 50.7) 93.8 (88.2, 99.3)

Other**** 2,249,636 54,046 300.3 (297.8, 302.9) 258.3 (256.1, 260.4)

Rurality

Main Urban Area 2,037,012 40,003 245.5 (243.1, 247.9) 258.6 (256.1, 261.1)

Other Urban Area 399,417 14,672 459.2 (451.8, 466.7) 361.6 (355.7, 367.5)

Rural 362,802 8,230 283.6 (277.5, 289.8) 295.9 (289.4, 302.3)

NZDep

1–3 (least deprived) 785,292 13,314 211.9 (208.3, 215.6) 219.6 (215.9, 223.4)

4–7 1,136,757 26,780 294.5 (291.0, 298.0) 279.9 (276.6, 283.3)

8–10 (most deprived) 877,113 22,806 325.0 (320.8, 329.3) 342.0 (337.6, 346.5)

*Uses 2006–2013 resident population estimates for all except Rurality and NZDep comparisons which use 2006 usually 
resident Census counts. 
**Rate/100,000 person years (≥20 year- olds). 
***Age-standardised rate. 
****The numerator of those classified as ‘other’ ethnicity includes those with ethnicity recorded as ‘Don’t Know,’ ‘Refused 
to answer,’ ‘Response unidentifiable’ or ‘Not Stated’ to align with denominator.
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as Māori, Pacifi c or Asian). Māori had the 
second highest crude rate (198/100,000 py). 
However, Māori had the highest ASR of 
procedures (303/100,000 py) followed by 
those of ‘Other’ and Pacifi c ethnicities (258 
and 224/100,000 py respectively). Those of 
Asian ethnicity had a substantially lower 
ASR (94/100,000 py). Differences in crude 
and ASRs between prioritised ethnic groups 
were all statistically signifi cant.

Rates were highest for people living in 
‘Other Urban Areas’ (ie urban areas other 
than those classifi ed as centred on a city 
or main urban centre) with a crude rate of 
459/100,000 py and an ASR of 362/100,000 
py). This ASR was signifi cantly higher than 
the ASR for those in ‘Rural’ (296/100,000 py) 
and ‘Main Urban Areas’ (259/100,000 py).

There was a clear linear relationship 
between TJR procedure rates and socio-eco-
nomic deprivation, with people that lived 
in the most deprived three deciles (deciles 
8–10) having a signifi cantly higher ASR 
(342/100,000 py) than those in deciles 4–7 
(280/100,000 py) and similarly those who 
lived in the least deprived deciles (deciles 
1–3) had a substantially lower ASR again 
(220/100,000 py).

Of the 20 DHBs, 10 had increases in their 
age- and ethnicity-standardised rate (AESR) 
of TJR procedures between the periods 
2006–07 to 2012–13, one was unchanged 
and nine had a reduced rate (Figure 2). Of 
the eight largest DHBs by population, fi ve 
had an increase in AESR: Bay of Plenty 
(31%), Auckland (22%), Waitemata (25%), 
Canterbury (19%) and Counties Manukau 

(7%). Southern’s AESR remained unchanged 
and Capital Coast’s and Waikato’s fell by 7% 
and 22% respectively. In contrast, AESRs fell 
between the periods 2006–07 to 2012–13 in 
seven of the 12 smaller DHBs: West Coast, 
Wairarapa, Tairawhiti, South Canterbury, 
Taranaki, Hawke’s Bay and Northland. 
However, in 2012–13, the six smallest DHBs 
by population (with the exception of South 
Canterbury) had AESRs higher than fi ve of 
the six DHBs with the largest populations. 
Five of the eight largest DHBs (Auckland, 
Canterbury, Capital and Coast, Southern 
and Waikato) were below the New Zealand 
average of 261/100,000 py in 2012–13 as 
were three of the smallest DHBs (Hawkes 
Bay, Taranaki and South Canterbury). To 
assess whether the variation in AESRs by 
DHB had changed over time, the standard 
deviation of DHB’s AESRs for 2006–07 
was compared with that from the rates 
for 2012–13. Excluding one outlier (West 
Coast), there was no statistically signifi cant 
difference over time (ratio of standard devi-
ations 1.13, (95% CI 0.70, 1.82), p=0.6).

There were also variations by DHB for 
those in the most deprived deciles. For 
those in the most deprived three deciles, 
considering the eight years of the study 
combined, the ASRs varied from 236/100,000 
py (Auckland) to 514/100,000 py (South 
Canterbury) (results not shown). Again, the 
smaller DHBs had greater provision within 
this group of the population, with the fi ve 
smallest DHBs by population having ASRs 
of at least 400/100,000 pys, a rate which was 
not reached for the most deprived deciles in 
any of the other larger DHBs.

Figure 2: Age- and ethnicity-standardised rates of publicly-funded hip and knee total joint replace-
ments per 100,000 person-years by District Health Board from 2006–2013.
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Discussion
This study demonstrates that national 

rates of publicly-funded elective hip and 
knee TJR procedures have not increased 
beyond their 2007 peak. Higher rates were 
observed in older adults, females, those 
not living in ‘Rural’ or ‘Main Urban Areas’ 
and those living in areas of greater social 
deprivation. Rates varied between DHBs, 
even when age- and ethnicity-standardised. 
In general, there were higher rates of the 
provision of publicly-funded hip and knee 
TJR procedures among the smallest DHBs 
in New Zealand compared with the largest 
population DHBs in 2012–13.

A strength of this study was the use of 
consistently collected data for the entire 
New Zealand population. A limitation 
is that domicile was obtained from the 
National Health Index database which is 
updated when patients present at their 
DHB and therefore may no longer reflect 
the domicile as it was at the time of surgery 
for all participants. This study is restricted 
to publicly-funded procedures, therefore 
it does not consider the overall provision 
of TJR surgery, some of which are private-
ly-funded. Comparing NMDS discharge 
data of publicly-funded hip and knee TJR 
with National Joint Registry data which 
includes both privately- and publicly-funded 
procedures,4 it appears that approximately 
65% of TJR were publicly-funded in New 
Zealand between 2006–2012. The provision 
of privately-funded procedures may vary 
by DHB and may influence the provision 
of publicly-funded procedures. Derrett et 
al11 previously reported that DHBs with 
low rates of publicly-funded hip and knee 
TJR procedures had high rates of private-
ly-funded procedures. A further limitation 
of our analyses is that we have reported 
on the provision of TJR; provision does not 
necessarily reflect demand for procedures 
or the severity of disease. Previous research 
has suggested that there is unmet need 
for these procedures in New Zealand.9,13 
Demand may vary across the country9 and 
in some DHBs, 33–41% of patients listed 
for TJR are being returned to their General 
Practitioner without surgery due to waiting 
time targets.20 There was an increase in the 
number of publicly-funded hip and knee TJR 
procedures carried out nationally between 

2006 and 2013 in those aged 20 years and 
over. However, the bulk of the increase in 
both numbers and rate occurred between 
2006 and 2007 as the Orthopaedic Joint 
Initiative (“…a programme of increased 
funding specifically targeting major joint 
replacement…”) (p.15)21 finished. During the 
period of this study, 2006–2013, the rate was 
highest in 2007. Between 2007 and 2013 the 
number of publicly-funded TJR procedures 
increased by 486 (6%) but the rate decreased 
by 0.6% suggesting that the increased 
number of publicly-funded TJR proce-
dures is barely keeping up with population 
increases. Hooper et al22 have predicted 
that numbers of hip and knee replacements 
will increase significantly by 2026. Such a 
predicted increase has clear implications 
for public funding of TJRs. The highest rate 
of hip and knee TJR procedures was for 
those people aged 75–84 years followed by 
65–74 year olds. This is not surprising and 
aligns with the higher prevalence of OA 
among older age groups.5 As life expectancy 
increases, it is likely that demand in the over 
85 year-olds will increase.

Although the rate of procedures was 
higher among females, the difference 
between males and females was relatively 
small and probably reflects the higher prev-
alence of OA among women.5

Nationally, people in the least deprived 
deciles had the lowest rate of public-
ly-funded TJR procedures while those in 
the most deprived deciles had the highest 
rate. This is open to a number of different 
interpretations. Poorer access to medical 
care in the lower deciles might be expected 
to lead to a decreased rate of TJR rather than 
the increased rate seen. It is likely that there 
is greater use of private surgery by those of 
higher socio-economic status either through 
insurance or self-funding. However the 
findings may also reflect greater need for 
TJR among people of lower socio-economic 
status (for example, if need is related to 
type of occupation). However, no direct link 
between socio-economic deprivation and 
joint replacement has yet been identified 
other than possibly obesity; people in the 
most deprived areas of New Zealand having 
higher rates of obesity compared with those 
in the least deprived areas.23

Nationally, by prioritised ethnicity, Māori 
had the highest ASR of publicly-funded TJR 
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procedures. In a series of patients from a 
regional registry, Singleton et al24 found that 
Māori were younger, had poorer pre-op-
erative function than non-Māori patients 
and comprised 13.7% of their TJR proce-
dures but only 11.2% of their population. 
Hooper et al22 reported a relative rate in 
Māori of 0.72 for hip and 0.76 for knee TJR 
compared with those of ‘European’ ethnicity 
using data from the New Zealand Joint 
Registry. The main differences between 
that study and the current study are that 
privately-funded and acute procedures are 
included in the Joint Registry figures and 
that their analysis was based on joints not 
procedures. Their use of total response 
rather than prioritised ethnicity will not 
affect the rate for Māori as Māori are given 
top priority in our analysis by prioritised 
ethnicity. It is possible that lower rates of 
private utilisation among Māori may explain 
the difference in findings. It is not clear 
whether the higher rate of TJR in the current 
study is a reflection of an additional need 
among Māori or whether it is due to greater 
demand in the public sector due to lower 
private provision. It has been recognised 
previously that ethnicity data collected 
in the NMDS may undercount people of 
Māori ethnicity25 which may have influ-
enced the findings of this study. However, 
if Māori undergoing TJR surgery were less 
likely to be classified as Māori in the NMDS, 
the rate reported for Māori would be an 
under-estimate. It is unclear why rates 
were substantially lower among those of 
Asian ethnicity compared with those of 
Māori, Pacific or ‘Other’ ethnicities. It is 
possible that this may relate to more private-
ly-funded procedures among this ethnic 
group. However Hooper et al22 found similar 
results while including privately-funded 
procedures and suggested that older Asians 
living in New Zealand may return to their 
home country for joint surgery.22 The ASR of 
TJR for people of Pacific ethnicity was over 
twice the rate for those of Asian ethnicity 
but was still significantly lower than the 
rate for those of Māori and ‘Other’ ethnic-
ities. It is unclear why this is the case given 
Pacific people are highly represented in the 
most deprived areas of New Zealand and 
have higher rates of obesity compared with 
other ethnicities.23 As the DHB-level denomi-
nator data was only available by ‘prioritised 

ethnicity,’ estimates for Pacific people do 
not include those who identified with both 
Māori and Pacific ethnic groups. Similarly, 
those who responded as being of both 
Pacific and Asian ethnicity are only included 
as Pacific.

There were differences in procedure rates 
by rurality with the highest rate for those 
living in ‘Other Urban Areas’ and the lowest 
rate for those in ‘Main Urban Areas.’ The 
lower rate for those living in ‘Main Urban 
Areas’ may have been influenced by a 
greater availability of private procedures in 
these areas but we cannot determine that in 
this study. While there may be some rela-
tionship between rurality and DHB-specific 
rates, the denominator data available for 
this analysis precluded examining this.

In the current study, AESRs varied by 
DHB with a 3.8 fold rate variation between 
lowest and highest in 2006–07 and a two-fold 
rate variation in 2012–13. However, if one 
outlier was excluded, there was no statis-
tically significant change in the variation 
between DHBs from 2006–07 to 2012–13. In 
other words, there has been no apparent 
improvement in the equity of provision of 
publicly-funded TJR across DHBs over the 
eight years of the study period. Derrett et 
al,11 although not standardising for ethnicity 
and also including revision procedures, 
reported nearly a five-fold variation of ASRs 
for publicly-funded TJR between DHBs in 
2001–2002. They also reported geographic 
inequity for those in the poorest three 
deciles and found that rates of public-
ly-funded procedures were lowest for this 
group of people in DHBs that had the highest 
rates of privately-funded procedures.11 
Examining the ASR of publicly-funded TJR 
procedures by DHB for those in the most 
deprived deciles in the current study also 
found that rates varied considerably.

The larger DHBs typically had lower rates 
of publicly-funded TJR compared with the 
smaller DHBs and five of the eight largest 
DHBs had rates that were below the New 
Zealand average in 2012–13. These findings 
indicate that those living within the largest 
DHBs (by population) may be disadvantaged 
in terms of access to publicly-funded hip 
and knee TJR surgery. We cannot determine 
the reasons behind these findings. There 
may be greater access to private surgery in 
the larger DHB regions which may reduce 
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the demand for public surgery. It has also 
been suggested that higher rates of private 
surgery could lead to lower rates of public-
ly-funded surgery due to surgeons not being 
available for public work.11 Other factors 
such as high acute loads and complex 
tertiary referrals, which are likely to be more 
common in larger DHBs, may also influence 
access to publicly-funded procedures.

Conclusion
Despite an increase in the number of 

publicly-funded hip and knee TJR proce-
dures between 2006 and 2013, the national 
increase in rate has been negligible since 
2007 suggesting that the increased number 
of procedures may be only just keeping up 
with increases in the population. While the 
data demonstrated higher rates in older 
adults, females, people of Māori ethnicity, 
and those living in areas of greater social 
deprivation and ‘other urban areas,’ there 

was no systematic evidence of inequities 
disadvantaging vulnerable, higher needs 
or isolated groups, although this study did 
not include privately-funded procedures. 
In general, there were higher rates of the 
provision of publicly-funded hip and knee 
TJR procedures among the smallest DHBs in 
New Zealand, by population, compared with 
the largest population DHBs. The finding 
that rates vary between DHBs, even when 
age- and ethnicity- standardised, suggest 
equity among DHBs is not being achieved 
nationally. This indicates that further work 
is required to meet one of the key objectives 
in the New Zealand Ministry of Health’s 
programme for elective surgery which is to 
“Work towards everyone having equal access 
to elective surgery no matter where they 
live”.26 Further research, using validated 
scoring tools, is needed to compare access 
to TJR according to need and to examine 
reasons behind differences in provision.
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Access to orthopaedic spinal 
specialists in the Canterbury 

public health system: 
quantifying the unmet need

Tom Inglis, Rowan Schouten, Kristian Dalzell, Jeremy Evison,  
Grahame Inglis

ABSTRACT
AIM: The aim of this project was to determine the unmet need within the public health system for patients 
referred for elective Orthopaedic Specialist Spinal assessment and treatment in the Canterbury District 
Health Board (CDHB) region.1

METHODS: Between January 2014 and January 2015 data was collected from all elective referrals to the 
CDHB Orthopaedic Spinal Service. During this period, the number of available outpatient appointments 
was set by the CDHB. Within this clinical capacity, patients were triaged by the four consultant surgeons 
into those of most need based on the referral letter and available radiological imaging. Those unable to 
be provided with a clinical appointment were discharged back to their GP for ongoing conservative care. 
Of those patients that received specialist assessment and were considered in need of elective surgical 
intervention, a proportion were denied treatment if the surgery was unable to be performed within the 
government determined four-month waiting time threshold.

RESULTS: During the study period, 707 patients were referred to the CDHB orthopaedic spinal team 
for elective specialist assessment. Of these, 522 (74%) were declined an outpatient appointment due 
to a lack of available clinical time. Of the 185 patients given a specialist assessment, 158 (85%) were 
recommended for elective surgery. Ninety-one (58%) were denied surgery and referred back for ongoing 
GP care due to unavailable operating capacity within the four-month waiting list threshold. Within this 
group of 91 patients, 16 patients were declined on multiple occasions (14 patients twice and two patients 
on three occasions). 

CONCLUSIONS: This study quantifies the unmet need for both Spinal Orthopaedic Specialist assessment 
and, if warranted, surgical management of elective spine conditions within the Canterbury public health 
system. It highlights the degree of rationing within the public health system and its failure to adequately 
provide for the Canterbury Public. 

The CDHB is the second largest district 
health board in New Zealand. It provides 
public health care to a population of over 
500,000 people and provides orthopaedic 
services to the West Coast region through 
a clinical partnership. It is also the tertiary 
referral centre for elective spinal surgery in 
the South Island and manages acute spinal 
cord injuries occurring throughout the South 
Island and the lower half of the North Island. 

Locally, elective orthopaedic spinal 
referrals are largely dominated by 
degenerative conditions such as lumbar 
spinal stenosis. Spinal stenosis involves 

narrowing of the spinal canal by bone 
and soft tissue with subsequent pressure 
on the neural structures. This leads to 
symptoms characterised by debilitating 
pain in the buttocks and legs when 
walking or standing.2,3 In this setting, 
surgical decompression with or without 
stabilisation (‘fusion’) has been shown 
to be clinically effective and superior to 
non-operative management. 3

The population within Canterbury is 
aging. By 2026 one in every five people in 
Canterbury will be over 65 and the number 
of people aged over 85 will have doubled.1 
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Spinal stenosis is the most common 
reason for both cervical and lumbar spine 
surgery in adults over 65.4,5 As the elderly 
proportion of our patient population grows 
we can expect demand on our service to 
increase accordingly.6 

In recent years a key priority of the 
New Zealand Government has been to 
reduce the maximum waiting time to four 
months for patients requiring an initial 
consultation with a surgical hospital 
specialist (first specialist assessment (FSA)) 
or surgical treatment.7

Since its inception in January 2015, the 
introduction of a four-month maximum 
waiting time for elective FSA and surgery 
has raised concerns among medical 
providers. With the introduction of 
maximum waiting times, patients are 
required to be triaged so that they will 
receive their surgery within the expected 
time frame. Those patients unable to 
have their procedure within this time are 
returned to their GP for ongoing care, 
missing out on specialist care altogether. 
These patients represent the ‘unmet need’ 
within the medical system and currently this 
cohort has not been measured or monitored. 
In the past when the public demand for 
surgery exceeded supply, this was recorded 
via the hospital surgical waiting list with the 
length of waiting list reflecting the needs of 
the service.

The aim of this study was to quantify the 
“unmet need” within the CDHB in terms of 
patients referred to the Orthopaedic Spinal 
Service. 

Methods
From the period of January 2014 to 

January 2015 the fate of every patient 
referred to the elective CDHB Orthopaedic 
Spinal Service was recorded. 

Referrals were received from hospital 
specialists (frequently orthopaedic surgical 
colleagues) and general practitioners 
within the CDHB catchment region as 
well as tertiary referrals from around the 
South Island. All referrals were seeking 
advice on the management of patients with 
non-acute spinal pathology. Those patients 
with traumatic or oncologic pathology were 
managed within the acute service and were 
not included in this triaging process.   

Within the CDHB the number of new 
spinal patients able to be seen by an 
Orthopaedic Spine Specialists in each 
clinic are limited. According to the new 
government imposed guidelines, only those 
people able to receive their surgery within 
a four-month time are given a place on the 
surgical waiting list. 

While all referrals from GPs and other 
hospital specialists are deserving of 
clinical review, only a minority could be 
accommodated within the current resource 
allocation. At each triaging session the 
CDHB managers stated the number of FSA 
clinical appointments available. In order to 
identify those patients in most need of this 
limited resource, all referral letters to the 
Orthopaedic elective spinal service were 
reviewed by one of four fellowship trained 
Orthopaedic spine surgeons. The description 
of their presenting symptoms and clinical 
signs in the referral letter were critically 
assessed. All relevant radiological studies 
(plain x-rays and occasionally Computed-
Tomography (CT) scans) were also reviewed. 
Almost universally an MRI scan was 
organised to assist with the triaging process. 
No specific clinical prioritisation scoring tool 
was utilised. Those considered by the spinal 
surgeons to have the most severe symptoms 
and pathology, and who were considered 
amenable to surgical treatment, were 
offered a first specialist assessment (FSA). 
The remainder are referred back to their 
GP. If indicated, a dictated letter is provided 
containing advice for further management 
or investigations prior to re-referral. 

Information on the outcome of each 
referral was recorded including those 
referred patients who were denied a 
specialist assessment. For those patients 
who received a FSA their clinical records 
were analysed to determine if they were 
recommended for surgery or conservative 
management. 

For those patients for whom surgical 
intervention was recommended, a second 
triaging process occurs based on the 
available operating capacity. Surgeons 
are required to determine which of those 
patients put forward for surgery will 
actually be able to have surgery performed 
within the now permitted four-month 
period as mandated by the CDHB. This is 
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done according to need; those who are the 
most incapacitated and would receive the 
most benefit from surgery are prioritised. 
Those patients who qualify are then 
effectively booked to receive their operative 
intervention within four months while those 
who are unable to be offered surgery within 
the time frame are returned to the care 
of their GP for ongoing management and 
re-referral to the service as required. 

The number of patients who were operated 
on in the corresponding time period was 
determined from the clerical records.

Results
In the year from January 2014 to January 

2015 a total of 707 patients were referred 
to the CDHB orthopaedic spinal team for 
specialist assessment from their general 
practitioner or other specialist services. Of 
these 707 patients, 522 (74%) were unable to 
be offered an outpatient appointment due 
to resource constraints. Of the 185 (26%) 
patients seen in clinic, 158 patients were 
recommended to have surgery (85%). Of 
these 158 surgically suitable patients, 91 
(58%) were denied surgery and sent back to 
their general practitioner for ongoing care 
due to a lack of surgical resources. Within 
this cohort, 14 patients had been declined 
twice and two patients on three occasions.

Almost exclusively only patients with 
symptoms and radiological findings 
consistent with severe spinal stenosis 
could be offered specialist assessment and 
surgical treatment. Other spinal pathology 
was unable to be accommodated within the 
constrained system.

On review of the surgical booking 
records, we were able to determine that 
the Canterbury Spinal Team performed 
68 spinal procedures over this interval. 
Therefore, the database missed one patient 
who received surgery during the study 
period.

Discussion 
This study has quantified the unmet need 

for Spinal Orthopaedic Specialist services 
in the Canterbury Public Health System. 
During a 12-month period beginning in 
January 2014, 522 (74%) patients referred 
to this service were declined a first 
specialist assessment. Of those patients who 
were assessed and surgical intervention 
recommended, 91 (58%) were denied access 
to this procedure and sent back to the care 
of their GP. Our figures likely underestimate 
the clinical need as it remains unknown 
what proportion of patients unable to be 
offered a FSA would have also benefited 
from spinal surgery.

Figure 1: Flowchart of the referral system.
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Despite access to public health care being 
a critical issue to many New Zealanders, 
currently there is no accurate measure 
of the number of people unable to access 
the health care their doctors consider 
they require. As a consequence, a true 
assessment of how well the New Zealand 
public health system is functioning remains 
incomplete. Both the Ministry of Health 
and independent projects are underway to 
address this information void. 

The health burden of spinal pathology 
is significant and on par or greater than 
other chronic conditions including diabetes, 
heart disease, stroke and arthritis.8 
There exists abundant literature that 
demonstrates spinal surgery is beneficial 
in terms of clinical outcomes and cost-
effectiveness compared with non-operative 
treatment for common degenerative spinal 
conditions.4,6,9,10,11 Currently, hip and knee 
arthroplasty surgery is considered a priority 
surgical service in most DHB due to its 
well-proven clinical and cost-effectiveness. 
The degree of post-operative health related 
quality of life (HRQoL) improvement 
seen in patients with spinal stenosis 
following surgery compares favourably 
to the benefits received following hip and 
knee arthroplasty13–16 and has a similar 
incremental cost-utility ratio.

This study demonstrates the degree of 
rationing occurring at two levels within 
our DHB. The first involves access to a FSA, 
a service afforded to one in four referrals. 
The second bottleneck involved patients 
considered to benefit from surgery by a 
specialist surgeon. Within this study period 
57% of patients were denied an operation, 
as they were unable to be accommodated 
within the government specified four-
month waiting period. Instead patients were 
referred back to their GP’s care to continue 
less effective conservative treatments. 

A high-level review performed in 2013 by 
an expert panel convened by the Director 
General of Health to determine if there 
were any unintended consequences for 
patient care17 concluded that there was “no 
evidence that the pursuit of elective waiting 
time goals has resulted in unintended 
consequences for patient care.” Our data 
demonstrates the contrary.

To address the goal of improving access 
to specialist spine services firstly requires 
a recognition that a significant unmet need 
exists. The Government and DHBs have 
been lacking in their willingness to quantify 
this and monitor the health consequences of 
those patients denied care. 

Returning patients to the care of their GPs 
is unlikely to provide a clinical solution to 
these patients as most referrals come from 
the GPs themselves, citing failure of all 
non-operative strategies. This only promotes 
the repeated use of non-operative resources 
that have already proven to be ineffective 
(and therefore have negligible cost-utility) or 
the acceptance of persistent disability with 
significant impact on patients HRQoL.

Further development of GP referral 
pathways is similarly unlikely to signifi-
cantly address this unmet need as 
inappropriate referrals were seldom noted. 
The referrers knowledge of the available 
non-operative treatments was of a high 
standard and the relevant clinical question 
asked were centred on diagnosis, prog-
nosis and the suitability of surgery for these 
conditions, questions best addressed by 
specialists.

The public are currently unaware of the 
degree of rationing occurring and are thus 
not fully informed when they consider 
personal decisions about their future 
health. It is beyond the scope of this paper 
to determine the optimal way of improving 
access to specialist’s spinal services. 
However, these options will not be explored 
until the current reality is recognised.

One criticism of the triaging system 
utilised during this study period was a 
lack of a prioritisation tool. However, the 
degree of pathology and limited number 
of resources meant that only severe spinal 
stenosis could be offered treatment. One 
guide to the effectiveness of our triaging 
process was that 85% of patients who were 
given an FSA were deemed appropriate 
surgical candidates. Also, the focus of this 
study remains the unmet need—those 
that missed out. While a different method 
of triaging may have selected a different 
cohort of patients for a FSA it would not 
have changed the proportion missing out 
on specialist assessment altogether. One 
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further concern is that occasionally patients 
with serious pathology, such as tumours, 
can present with relatively benign clinical 
features that may not reach the threshold 
for a FSA under the current conditions.

Subsequent to this study period, a priori-
tisation tool has been rolled out across New 
Zealand to help stratify patients already 
considered to benefit from orthopaedic 
surgery. This is expected to provide some 
quantifiable measure to assist with resource 
allocation of surgical services nationwide 
and within DHBs. However this tool has 
not been independently validated or its 
reliability tested. It also does not provide a 
framework for prioritising referrals. Those 

patients unable to access a FSA remain 
unrecognised and unquantified. It is our 
hope that this study will prompt further 
analysis of the health consequences of this 
forgotten cohort.

Conclusion
This study quantifies the unmet need 

for both spinal orthopaedic specialist 
assessment and, if warranted, surgical 
management of spine conditions within the 
Canterbury public health system. It high-
lights the degree of rationing within the 
public health system and reveals the impact 
of the introduction of maximum waiting 
times for surgery within the CDHB. 
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Rebalancing health 
service use for older 

people: simulating policy-
relevant scenarios under 

demographic ageing
Roy Lay-Yee, Janet Pearson, Peter Davis, Martin von Randow, Ngaire 

Kerse, Laurie Brown 

ABSTRACT
AIMS: The demographic ageing of New Zealand society has greatly increased the proportion of older 
people (aged 65 years and over), with major policy implications. We tested the effects on health service use 
of alterations to morbidity profile and the balance of care. 

METHODS: We developed a microsimulation model using data from an official national health survey 
series to generate a synthetic replicate for scenario testing. 

RESULTS: Projections on current settings from 2001 to 2021 showed increases in morbidity  — long-term 
illness (2%)—and in health service use—doctor visits (21%), public hospital admissions (16%). Scenarios 
with decreasing morbidity levels showed moderate reductions in health service use. By contrast, 
rebalancing towards the use of practice nurses showed a large decrease in public hospital admissions for 
people aged 85 years and over. 

CONCLUSION: Demographic ageing may not have a major negative effect on system resources in New 
Zealand and other developed countries. Rebalancing between modalities of care may soften the impact of 
increasing health service use required by a larger older population. 

The demographic structure of New 
Zealand, as in other developed countries, is 
changing. The proportion of older people in 
the population has greatly increased—along 
with their experience of multi-morbidity—
with major implications for the provision 
of health services.1,2 Forecasts of future 
compression or expansion of morbidity 
hinge on whether extended life-expectancy 
will be spent largely in good or ill health.3 
Nevertheless, there is pressure on available 
resources to keep pace with the sheer 
increase in volume of health care required 
for larger numbers of older people. The 
recent World Health Organization’s ‘World 
Report on Ageing and Health’ proposes 
a public-health framework for healthy 
ageing—defined as “the process of devel-
oping and maintaining the functional ability 
that enables well-being in older age”—in 
which the first of four priority areas is 

“aligning health systems to the needs of 
older populations” (p 13).4 The policy quan-
daries posed by demographic ageing apply 
no less to New Zealand,5 with the proportion 
of people aged 65 years and over projected 
to increase by nearly two-fifths from 12.1% 
in 2001 to 16.8% in 2021.6

Aims
We aimed to model a range of policy 

scenarios on the future shape of the New 
Zealand health-care system under condi-
tions of demographic ageing. To do this, 
we constructed and applied a discrete-time 
dynamic microsimulation model to health 
service use in older people. Here, we define 
health services as a balance of three modal-
ities: practice nurse visit, family doctor visit 
and public hospital admission. We report 
on the construction of the model and the 
results of projections and scenario testing.
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Figure 1: Conceptual model of late-life ageing and health care trajectory.

Long-term illness drives health service use, with practice nurse use aff ecting family doctor use and public hospital 
admission, and with family doctor use aff ecting public hospital admission.

Re search questions
After establishing a baseline for our 

model, we aimed to address two key policy 
initiatives proffered internationally: 
promoting healthier ageing to reduce the 
need for health care7 and changing the 
balance of care8 towards more effective 
confi gurations.9 We focussed on testing 
scenarios where the burden on the health 
system might be lessened. Our research 
questions can be formalised as follows:

1. What will be future levels of health 
service use for older people under 
the status quo? This is our ‘base 
projection’.

2. What is the impact of reducing 
morbidity levels—proxy for healthier 
ageing (and the compression of 
morbidity)—on health service use 
of older people? This is our ‘reduced 
morbidity’ scenario.

3. What is the impact of changing the 
balance among providers on health 
service use of older people? This is 
our ‘balance of care’ scenario.

The model (Figure 1) was: (1) hierarchi-
cally structured—with long-term illness 

(morbidity) driving health service use, 
with practice nurse use affecting family 
doctor use (via potential prevention or 
substitution) and with practice nurse and 
family doctor use affecting public hospital 
admission (via potential prevention or 
delay)—and (2) dynamic—incorporating 
demographic and morbidity changes over 
time.10

Microsimulation
Microsimulation—fi rst proposed by 

Orcutt11 in 1957—has been used, for 
example, to assess the impact of demo-
graphic aging on population health.12 
Microsimulation relies on data from the 
real world to create an artifi cial version 
like the original. It operates at the level of 
individual units (here older people), each 
assigned attributes as a starting point—eg 
age and health state, to which quantitative 
rules (eg statistical equations) are applied 
to simulate changes in state or behaviour. 
Thus a synthetic set of typical life histories 
can be generated. The model can then be 
used to test scenarios—essentially thought 
experiments—by modifying key factors 
and assessing impact on outcomes of policy 
interest.13,14
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Methods
Our methods are outlined briefly in this 

section with a detailed report published 
online.15 Microsimulation was adopted as a 
technical approach well-suited to modelling 
the dynamics of a complex system such as 
health care, and for testing policy scenarios 
related to utilisation.

Data sources
We used individual-level data on older 

people aged 65 years and over from the New 
Zealand Health Survey undertaken in 2002 
and 2006 (NZHS 2002 and 2006).16 As well as 
the person’s demographic characteristics, 
there was information on whether they had 

long-term illness, and on their use of health 
care; NZHS was the only national data source 
available with these features. These survey 
data had the advantage of being nationally 
representative and relatively recent with 
adequate sample sizes. NZHS sample weights 
were taken into account in analyses and 
simulations. The NZHS 2002 contributed 
data on 2,206 individuals to form a starting 
sample at the base year, set to 2001, 
providing initial conditions representative 
of older people living in the community. A 
description of characteristics of the starting 
sample can be found in Table 1. Thus 9.3% 
were aged 85 years and over while 85.6% 
were experiencing long-term illness.

Table 1: Description of starting sample. Characteristics of older people (aged 65+ years) living in the 
community, 2001.

Characteristic Percentage of weighted sample† (n=2206)

Age group

65–74 54.2

75–84 36.5

85+ 9.3

Gender

Female 55.3

Ethnicity

European 91.8

Māori (the indigenous people) 4.0

Pacific 1.7

Asian 2.2

Other 0.3

Marital status

Partnered 56.5

Deprivation decile

1 (low deprivation) 6.5

2 7.6

3 9.3

4 10.4

5 10.1

6 13.5

7 10.6

8 13.8

9 11.1

10 (high deprivation) 7.3

Long-term illness

Present 85.6

† The starting sample was taken from the New Zealand Health Survey 2002/3 (Ministry of Health 2004), with 
weighting calibrated to the New Zealand Census 2001.
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Definition of variables
The following individual characteristics 

incorporated in the model can be catego-
rised into three types:

1. Socio-demographic
• Age: 65+ years.
• Gender: male, female.
• Self-reported ethnicity (in priori-

tised sequence): Māori, Pacific, Other, 
European. A single ethnicity variable 
was constructed to account for indi-
viduals who reported multiple ethnic 
affiliations.17

• Socio-economic deprivation: ‘NZDep’ 
(decile)—a census-based small-area 
measure.18

• Self-reported partnership: married, 
or partnered and not legally married 
(yes/no).

2. Morbidity
• Self-reported long-term illness (yes/

no): any medical condition lasting six 
months or more.

3. Health service use (outcomes)
• Self-reported health service use (in 

the last 12 months): any practice 
nurse visit—formal consultation with 
nurse on their own, ie without seeing 
a doctor (yes/no); family doctor visit 
categories 0, 1–2, 3–4, 5–6, or 7+ visits 
(yes/no, in each category); public 
hospital admission for any reason, 
comprising inpatient and day patient 
(yes/no). For family doctor visits, 
simulated results are reported for the 
combined ‘5+ visits’ category signi-
fying a high user group.

Analysis
Firstly, transition probabilities for 

long-term illness were estimated from 
matrices using repeated cross-sectional data 
(NZHS 2002 and 2006), depending on age 
and gender (use of other characteristics was 
constrained by small numbers). This esti-
mation was based on known long-term illness 
levels in 2002 and 2006, and assumed that an 
individual could remain in the same state or 
progress to the next state but not revert to a 
former state. These results imparted dynamic 
change to the cross-sectional models of health 
service use (as below). 

Secondly, we used cross-sectional data 
(NZHS 2002) to predict health service use 
from long-term illness (as above) in a 
series of regression models: practice nurse 
visit—logistic, family doctor visit (as cate-
gories)—multinomial and public hospital 
admission—logistic. Earlier events or 
states could exert an influence over later 
ones (Figure 1). Thus, practice nurse visit 
was a function of long-term illness; while 
family doctor visit was a function of both 
long-term illness and practice nurse visit; 
and finally public hospital admission was a 
function of long-term illness, practice nurse 
visit and family doctor visit. Age, gender, 
ethnicity, deprivation level and partnership 
status were also accounted for as potential 
socio-demographic control variables while, 
for each model, only statistically significant 
ones were retained.

Simulation
From 2001, we applied parameters 

(derived from statistical analysis of NZHS 
data) to update time-variant attributes of 
2,206 individuals (in the starting sample) 
at five-year intervals using Monte Carlo 
simulation. The simulation process for 
each subsequent time interval followed 
a sequence of steps from demographic 
characteristics, through health status, to 
final health care outcomes. To reduce the 
effect of random error, a simulated estimate 
was taken as the average result of 20 runs, 
sufficient to generate a stable value. Thus 
a set of typical though varied individual 
life histories was created. To maintain a 
representative sample over time, at each 
five-yearly interval, we allowed individuals 
to enter (being randomly drawn from 
65–69 year-olds from NZHS 2002) and to 
die (according to probabilities from official 
period life tables), as well as re-weighting 
(according to official population statistics) to 
account for demographic changes in compo-
sition (eg due to migration). 

Validation
Validation of simulated results was carried 

out by comparison to actual NZHS 2006 data 
(the latest available). The test was whether 
the simulation model could reproduce 
benchmark averages and distributions. 
Where necessary and possible, simulated 
results were calibrated to population param-
eters (from NZHS, censuses and official 
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projections) so that findings could be gener-
alised to the national population.

Scenario testing
Key factors influencing health service 

use may be considered as potential levers 
for policy intervention. These can be tested 
via simulating scenarios. We used the 
simulated results—with no changes made—
as the base case. For each scenario, we 
changed factors of interest in the starting 
sample, while holding other initial factors 
constant, and observed impact on down-
stream outcomes (compared to the base 
case). At an individual level, changes were 
made to those in or at high risk of being in a 
particular state, eg having long-term illness. 
Note that the settings for the scenarios were 
heuristic: we started with small changes 
in morbidity or care levels and grad-
ually increased or decreased them, over 
a reasonable range of proportions to an 
upper limit of possibility (5 to 20 percent).

1. Base projection of status quo to 2021 
We simulated from the starting sample in 
2001 forward to 2021 with no changes to 
inputs or parameters. We considered 20 
years as a reasonable projection period 
that would be useful without over-
stretching the data. 

2. ‘Reduced morbidity’ scenario (2021)
We artificially reduced, by varying propor-
tions (5%, 10% and 20% respectively), the 
prevalence of and transition probabilities 
for long-term illness to assess impact on 
levels of health service use.
3. ‘Balance of care’ scenario (2021)
We artificially increased, by varying 

proportions (5%, 10% and 20% respec-
tively), the level of practice nurse visits 
to assess impact, in turn, on levels of 
family doctor visits and public hospital 
admissions.

Results
Validation

The simulated sample followed the 
general pattern for the real sample (from 
NZHS 2006) though not uniformly so across 
all measures: compared to the bench-
marks, long-term illness and practice nurse 
visit were under-estimated while family 
doctor visit and public hospital admission 
were over-estimated (Table 2). Note that, 
in the interpretation of simulated results, 
greater importance should be placed on 
direction and magnitude rather than 
specific point estimates. 

Table 2: Morbidity and health service use for older people (aged 65+ years) living in the community. 
Comparing simulated to real data, 2006.

Age group Morbidity Health care modalities

Long-term illness 
(lasting at least six 
months) 
(%)

Practice nurse visit
(any in last 12 
months)
(%)

Family doctor 5+ 
visits (in last 12 
months) 
(%)

Public hospital 
admission 
(any in last 12 
months) 
(%)

Simulated Real † Simulated Real † Simulated Real † Simulated Real †

65–69 78.0 86.7 42.9 43.6 36.6 31.1 18.7 14.1

70–74 89.2 89.7 43.2 46.2 38.8 32.9 20.7 17.5

75–79 89.8 89.6 43.7 45.8 52.0 36.8 25.5 19.7

80–84 93.8 94.0 44.2 48.4 52.3 42.2 26.5 25.2

85+ 91.1 89.9 44.6 45.2 47.9 39.7 22.5 19.1

All (65+) 86.6 89.3 43.5 45.5 43.6 35.0 22.0 18.1

(95% CI)‡ (86.3–87.2) (42.6–44.4) (42.6–45.3) (21.5–23.1)

† Taken from NZ Health Survey 2006.
‡ 95% confidence intervals were calculated from 20 simulation runs.
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Scenario testing
Our comparison between the base simu-

lation (with no changes) and a scenario 
(with a factor change) were relative to one 
another within the virtual world. The two 
simulated results—conditioned on the same 
input data and parameters—are directly 
comparable and give a good assessment of 
impact of the changed factor.

1. Base projection
Simulation under current settings, ie 

projection, from 2001 to 2021 showed a 
moderate absolute increase overall in the 
level of long-term illness (Table 3) which 
was more marked with increasing age: 2% 
for the 65+ age group and 13% for the 85+ 
age group (results not tabled). There was a 
concomitant proportional increase in the 
use—by people aged 65+—of family doctor 
visits (up 21%) and public hospital admis-
sions (up 16%) while practice nurse visits 
remained stable (Table 3).

Table 3: Base projection and ‘reduced morbidity’ scenarios. Morbidity and health service use for older 
people (aged 65+ years) living in the community, 2001 and 2021.

Simulations† Morbidity Health care modalities

Long-term illness (lasting 
at least six months) 
(%)

Practice nurse 
visit (any in last 
12 months)
(%)

Family doctor 
5+ visits (in last 
12 months)
 (%)

Public hospital 
admission (any in 
last 12 months) 
(%)

Q1. Base projection‡ 

2001 85.6 42.1 36.0 18.8

2006 86.6 43.5 43.6 22.0

2011 87.2 43.3 43.4 22.1

2016 86.5 43.2 42.9 21.6

2021 87.4 43.3 43.5 21.8

Q2. ‘Reduced morbidity’ scenarios§

Make 5% decrease in long-term illness (%) [% change]¶

2006 - 43.0 42.7 20.8

2011 - 43.1 42.9 21.1

2016 - 43.0 42.4 21.3

2021 - 43.2 [-0.2] 42.9 [-1.4] 21.4 [-1.8]

Make 10% decrease in long-term illness

2006 - 42.6 41.8 19.7

2011 - 43.0 42.1 20.5

2016 - 43.1 41.6 20.7

2021 - 43.1 [-0.5] 42.5 [-2.3] 21.1 [-3.2]

Make 20% decrease in long-term illness

2006 - 42.6 40.2 18.8

2011 - 42.7 41.0 19.4

2016 - 43.0 40.4 19.6

2021 - 43.1 [-0.5] 41.1 [-5.5] 20.0 [-8.3]

† Simulations are calibrated to NZ Health Survey 2006 data.
‡ Base projection to 2021 is on current settings.
§ Scenarios represent the impact of reducing base prevalence of and transition probabilities for morbidity (long-
term illness) by nominated percentage of base projected level.
¶ Proportional change in outcome (due to the scenario settings) compared to the base projection for that year.
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2. ‘Reduced morbidity’ scenario
Scenarios projected to 2021, implemented 

by progressively decreasing long-term 
illness levels, had the effect of only moder-
ately reducing health service use compared 
to the base projection (Table 3). For example, 
with long-term illness levels reduced by 
20%, there were proportional reductions of 
0.5% in practice nurse visits, 5.3% in family 
doctor visits and 8.3% in public hospital 
admissions.

3. ‘Balance of care’ scenario
Scenarios projected to 2021, imple-

mented by progressively rebalancing 
towards practice nurse use, had the effect 

of moderately decreasing family doctor 
visits but markedly decreasing public 
hospital admissions—compared to the base 
projection (Table 4). This effect was much 
more pronounced with increasing age. This 
is illustrated by the scenario where the 
proportion of older persons who visited 
the practice nurse at least once in a year 
was increased by 20%. Thus, in the 65+ 
age group, relative to the basic projection, 
the proportion of high users of family 
doctors visits was reduced by 0.7% and the 
proportion of people admitted to public 
hospital was reduced by 1.4%; in the 85+ age 
group those relative reductions were 0.8% 
and 25.5% respectively (Table 4).

Table 4: ‘Balance of care’ scenarios. Towards more practice nurse visits for older people living in the 
community, 2021.

Simulations† Health care modalities

Practice nurse visit
(any in last 12 months)
(%)

Family doctor 5+ visits (in last 
12 months)
 (%)

Public hospital admission (any 
in last 12 months) 
(%)

Aged 65+ Aged 85+ Aged 65+ Aged 85+ Aged 65+ Aged 85+

Q1. Base projection‡ 

2001 42.1 26.6 36.0 36.2 18.8 22.7

2006 43.5 44.6 43.6 47.9 22.0 22.5

2011 43.3 43.8 43.4 48.9 22.1 22.8

2016 43.2 42.4 42.9 48.7 21.6 22.1

2021 43.3 42.4 43.5 48.8 21.8 23.1

Q3. ‘Balance of care’ scenarios§

Make 5% increase in practice nurse visits (%) [% change]¶

2006 - - 43.4 47.9 21.9 22.2

2011 - - 43.5 48.9 21.9 22.8

2016 - - 42.9 47.6 21.7 22.3

2021 - - 43.5 [0] 50.5 [+3.5] 21.9 [+0.5] 22.4 [-3.0]

Make 10% increase in practice nurse visits

2006 - - 43.3 47.9 21.9 21.8

2011 - - 43.5 48.9 21.8 22.5

2016 - - 42.9 47.5 21.7 21.6

2021 - - 43.4 [-0.2] 50.4 [+3.3] 21.9 [+0.5] 21.9 [-5.2]

Make 20% increase in practice nurse visits

2006 - - 43.3 47.5 21.8 21.0

2011 - - 43.2 47.7 21.4 18.5

2016 - - 42.6 47.2 21.7 20.3

2021 - - 43.2 [-0.7] 48.4 [-0.8] 21.5 [-1.4] 17.2 [-25.5]

† Simulations are calibrated to NZ Health Survey 2006 data.
‡ Base projection to 2021 is on current settings.
§ Scenarios represent the impact of increasing the level of use of practice nurses by nominated percentage of base 
projected level, culminating in all individuals visiting the practice nurse at least once.
¶ Proportional change in outcome (due to the scenario settings) compared to the base projection for that year.
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Discussion
The New Zealand health care system, 

in resource terms, is driven by a complex 
mix of demand and supply elements, 
one of which is demographic ageing.5 We 
developed and tested a microsimulation 
model of health service use in older age that 
may be useful for policy decision-making. 
The principal findings and their implications 
will be discussed in the context of each of 
the research questions posed earlier in the 
paper. From the results of our simulations, 
we show what would happen if there were 
policy interventions in place that could 
increase or decrease current settings in 
morbidity or health care levels. Discussion 
of actual policy initiatives, their feasibility 
or effectiveness is beyond the scope of this 
paper; there are other system improvements 
that could be made.

Answering research question 1: 
Base projection

The base projection under current settings 
from 2001 to 2021 showed a moderate 
increase—more marked with age—in 
long-term illness and in health service use 
for older people (aged 65+). This assumed 
that while older people were living longer, 
they were suffering the same historical 
pattern of illness. The findings point to the 
moderate future expansion of morbidity 
in New Zealand.19 Furthermore, they 
indicate that pure demographic ageing—
the morbidity impact of a greater number 
of older people—may not have a major 
negative effect on health care resources.20,21 

This is consistent with other studies 
showing, for example, time to death rather 
than age having the greater impact on 
health service volumes.22

Answering research question 2: 
‘Reduced morbidity’ scenario

Scenarios in which long-term illness 
level was decreased—a proxy for healthier 
ageing and the compression of morbidity—
had the effect of moderately reducing 
health service use. Our findings indicate 
the limited effect of policy intervention on 
levels of health service use that are based 
solely on promoting healthier ageing (while 
not forgetting its general benefits). The 
morbidity impact of demographic ageing is 
complicated by other factors such as: rising 

living standards and consumer expectations 
on the demand side and developments in 
medical technology on the supply side23 as 
well as evidence that obesity may give rise to 
more chronic illness in the future elderly.24

Answering research question 3: 
‘Balance of care’ scenario

Scenarios in which health care was rebal-
anced towards the use of practice nurses 
had the effect of reducing family doctor 
visits and public hospital admissions, being 
more pronounced in the 85+ age group. 
Shifting to a modality where substitution is 
practicable may be arguably more effective 
with improved patient outcomes. We 
refer not to directly transferring services 
for existing patients from, for example, 
hospitals to primary care settings,25 but to 
provision of appropriate services geared to 
arising patient need.26 Thus, for example, 
visiting a practice nurse for a non-urgent 
reason such as for advice, screening, moni-
toring or maintenance activities may avert, 
prevent or delay the need to see a family 
doctor or for hospitalisation; and similarly 
a timely visit to the family doctor may avoid 
hospitalisation. Depending on life stage, 
providing appropriate health services may 
help to prevent the development of chronic 
illness, slow the decline in functional 
ability, or manage chronic illness when it 
occurs.4 In short, changing the balance of 
care may make better use of limited system 
resources10,27 while sustaining the health of 
older people. 

In New Zealand, the family doctor has 
traditionally provided the majority of 
primary prevention and treatment services. 
In recent times, the role of the practice 
nurse28 has become more professionalised 
with wider scope of responsibility in the 
primary care team. The practice nurse 
may be better placed to provide particular 
services for older people, notably related to 
care for chronic conditions. As an example, 
drawing on our findings, a possible policy 
intervention might be increasing the 
proportion who visit a practice nurse (at 
least once in a 12-month period) for the 
oldest old (people aged 85+) which could 
substantially reduce the proportions 
needing to be admitted to public hospital 
(with potential to generate cost savings). 
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Strengths and limitations
The microsimulation approach employed 

here has many combined advantages: it 
has an empirical basis; multiple processes 
are modelled together and contextualised 
within a system; and pathways are modelled 
that may be amenable to policy influence. 
However, it relies heavily on the availability, 
quality and compatibility of data. In our 
case, official data sources were particularly 
advantageous as results from modelling 
could be generalised to the future population. 
Data limitations in our case were: a small 
starting sample; excluding the institution-
alised; self-reported information on use of 
care (not need nor supply); restricted defini-
tions of both long-term illness (rather than 
disease-specific) and health service use (only 
the core trio of modalities); narrow range of 
explanatory variables; no longitudinal data to 
derive transition probabilities for long-term 
illness (matching only by age and gender); 
no accounting for amenable conditions or 
multi-morbidity; and no costing information. 

However, the data used were the most 
recent and suitable, available at the time 
modelling was undertaken; time has passed 
but the underlying dynamic processes 
are likely still the same particularly over 
the period of study. The model was able 
to approximate benchmark data and 
parameter settings, and substantive results 
from scenario testing have been plausible 
and interpretable. In testing a scenario 
by manipulating a factor of interest, we 
assumed that other initial conditions and 
relationships between factors remained the 
same. Scenario testing generally showed 

modest impact on outcomes with a degree 
of stability in the model perhaps due to 
the interplay among both promoting and 
inhibiting factors. This may be an accurate 
reflection of a reality that is complex. Our 
model is a simplification—with its specific 
assumptions and modelling choices, and 
somewhat gross scenarios—but it may 
be considered as indicative, stimulating 
further research, and fitting alongside other 
evidence for policy. 

In policy terms, the model has not been 
able to take into account health reforms in 
New Zealand since 2001. For example, there 
have been initiatives to increase access 
to primary care29—which may increase 
utilisation—and to develop integrated 
care (across both health and social compo-
nents)30—which may reduce overall health 
service use. 

Conclusions
We constructed a microsimulation model of 

older age using official data and applied it to 
a substantive health policy area. The model 
serves as a starting point with the potential to 
be improved and extended. Findings suggest 
that the system is robust to change. Adding to 
the international debate, our model indicates 
that demographic ageing may not have a 
major negative effect on system resources in 
developed countries. Furthermore, the sheer 
volume of health services required, with 
larger numbers of older people, may be alle-
viated not only by healthier ageing but also 
by rebalancing health care to make better use 
of limited resources.
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Epidemiology of 
intussusception in New 
Zealand pre-rotavirus 

vaccination 
Bronwyn Rosie, Stuart R Dalziel, Elizabeth Wilson, Emma J Best

ABSTRACT
AIMS: To describe the epidemiology of intussusception in New Zealand children aged 0–36 months prior to 
the introduction of routine rotavirus vaccination. 

METHODS: ICD-10 coding data from the New Zealand National Minimum Data Set (NMDS) was used to 
identify all cases of intussusception in children aged 0–36 months between January 1998 and December 
2013. These data were linked with birth data from the New Zealand census. Population incidence rates of 
intussusception were calculated, and demographic characteristics described. 

RESULTS: Over the 16-year study period, there were 794 cases of intussusception. The majority (56%) 
occurred in the first year of life (age adjusted incidence rate 56.1/100,000 child-years, 95% confidence 
interval (CI) 41.7–71.2). Intussusception occurred more frequently in males (36.4/100,000 (95% CI 24.6–48.2) 
versus 19.5/100,000 (95% CI 10.8–28.1, p<0.001)). There was no difference in intussusception incidence 
between ethnic groups, although cases occurred at a younger age in Māori and Pacific infants compared 
to Asian and other ethnicities (Pacific median 7.5 months (interquartile range 5.9–11.6), Māori 7.8 months 
(IQR 5.5–12.3), European 9.2 months (IQR 5.8–15.8), Other Ethnicity 10.2 months (IQR 8.2–12.3), Asian 10.5 
months (IQR 7.0–17.1 )). There was a weak seasonal trend with incidence troughs in January and July, and 
corresponding peaks in March and September. 

There was wide variation in presentation rates across District Health Board (DHB) regions, with a national 
average of 18.0/100,000 child-years (95% CI 9.7–26.3). Most patients were admitted on a single occasion to 
a single hospital for treatment (81%). 

CONCLUSIONS: This study updates background incidence rates of intussusception prior to the introduction 
of a national rotavirus vaccination programme in July 2014. It identifies a trend of earlier intussusception 
in Māori and Pacific infants; the relationship between earlier intussusception and the risk of vaccine-
associated events is unknown. 

Intussusception occurs when one 
segment of the intestine invaginates into 
the adjacent distal segment,1 with the initi-
ating event subclinical infection and gut 
adenopathy. Untreated intussusception 
disrupts the bowel’s vascular supply and 
can cause ischaemia, perforation and ulti-
mately death. Intussusception is a relatively 
rare event, with a worldwide incidence of 
74 per 100,000 (range 9–328) in children 
aged less than one year of age.2

Rotavirus is a significant cause of infant 
gastroenteritis worldwide both in developed 
and developing countries. Annual estimates 
of rotavirus associated deaths in children 
under five range from 200,000 to 450,000, 

most of which occur in the developing 
world.3 Rotavirus is also a significant cause 
of morbidity, responsible for 2.4 million 
hospitalisations worldwide each year.4 In 
New Zealand it is estimated that rotavirus is 
responsible for the hospitalisation of one in 
43 children by the age of five.5 

In 1999 an oral human-rhesus rotavirus 
quadrivalent vaccine (RotaShield, Wyeth-
Lederle) was introduced to the US infant 
schedule, but withdrawn later that year 
after reports of an association with intus-
susception (a risk of approximately one case 
in 5,000–10,000 vaccinees).6

Two second-generation vaccines 
against rotavirus are available in New 
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Zealand: RotaTeq (Merck Sharp Dohme), a 
pentavalent human-bovine reassortment 
vaccine, containing viral protein types 
G1−4 and P8; and Rotarix (Glaxo Smith 
Klein), a human monovalent G1 vaccine. 
No increased risk of intussusception was 
detected in the large phase III pre-licensure 
clinical trials of Rotarix and RotaTeq 

despite this being a specifically monitored 
adverse event.7 

Prior to 2014, only Rotarix was marketed 
for private sale in New Zealand and covered 
<10% of the annual birth cohort.8 From July 
2014, New Zealand included RotaTeq in the 
National Immunisation Schedule (NIS) at six 
weeks, three months and five months of age. 

Introduction of these vaccines has 
been remarkably successful in both high 
and middle-income countries. Brazilian 
and Mexican studies have shown signif-
icant declines in diarrhoeal mortality 
post-vaccine introduction.9 Studies from 
high-income countries have identified a 
74–90 percent decline in rotavirus gastro-
enteritis hospitalisations in children 
under two, and a 29–50 percent decline in 
‘all-cause’ acute gastroenteritis hospital-
isations for children under five.10 Recent 
studies have demonstrated post-vaccination 
reductions in hospitalisations for ‘all-cause’ 
seizures in children under five, most likely 
attributable to decreased rotavirus asso-
ciated febrile illnesses.11,12

However, post-licensure studies of 
both RotaTeq and Rotarix in a number of 
countries including Australia have demon-
strated small increases in intussusception 
attributable to the vaccines, particularly 
following the first dose.13 Recent Australian 
data estimated the excess risk attributable 
to rotavirus vaccination to be 5.6 addi-
tional cases of intussusception per 100,000 
vaccinated infants.7 It is not clear whether 
populations with a high background 
risk of intussusception have a propor-
tionally elevated risk of vaccine associated 
intussusception.2

Given this complex relationship, it is 
important for countries including New 
Zealand to monitor intussusception rates 
before and after establishment of rotavirus 
vaccination programmes.

A previous New Zealand study14 found 
no association between wild type rotavirus 
gastroenteritis hospitalisations at eight 

sites and national intussusception rates 
over a two year period. However, these 
data are over a decade old. We undertook 
the current study, incorporating 16 years 
of data, to determine a contemporary 
intussusception rate prior to the national 
introduction of the RotaTeq vaccine to allow 
monitoring for vaccine-associated change 
in intussusception rates and to assess for 
evidence of changing intussusception rates 
over time. 

Methods
Data for all public hospitals for the 

period January 1998 to December 2013, 
collected in the National Minimum Dataset 
(NMDS), were reviewed. Intussusception 
cases in children aged 0–36 months were 
identified by discharge code (ICD-10 AM 
code K561 or equivalent ICD-9 code).15 
Additional data on patient birth date, sex, 
ethnicity, and admitting hospital were also 
extracted. Within the NMDS, ethnicity is 
assigned using a standard priority system 
where Māori, Pacific Islander and Asian 
ethnicity is assigned preferentially (in the 
order stated).16 NHI numbers (national 
health index number, a unique identifier), 
were not extracted, ensuring that patients 
remained anonymous. 

Intussusception cases where the patient 
had the same birth date, sex and ethnicity, 
and which occurred within a one-week 
period were counted as a single episode. 

Population birth rates by month of 
birth, sex, ethnicity and DHB region were 
obtained from Statistics New Zealand.17 
These data were used to calculate the ‘at 
risk’ population (children age 0–36 months) 
for each month of the study period. These 
population estimates did not take into 
account deaths, immigration, or emigration. 
New Zealand census allows individuals to 
identify themselves in more than one ethnic 
group, so total population numbers by 
ethnicity are higher. This slightly decreased 
ethnicity-specific incidence rates.

Intussusception incidence rates were 
estimated by combining monthly cases from 
the NMDS data set with monthly birth rates 
from Statistics New Zealand. As intussus-
ception is a rare event, confidence intervals 
were calculated using standard poisson 
distribution methods. Significance tests 
were completed using standard nonpara-
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metric methods (Kruskal Wallis and Mann 
Whitney-U) with Bonferroni corrections 
when comparing multiple groups.

The study protocol was reviewed by 
the New Zealand Health and Disabilities 
Ethics Committee who determined ethical 
approval was not required because of the 
anonymous nature of the data. 

Results
Over the 16-year study period (January 

1998–December 2013) 961 episodes were 
identifi ed with an ICD9 or ICD10 code 
for intussusception in children aged 0-36 
months. One hundred and sixty-seven (17%) 
of these episodes constituted re-presen-
tations within a week. Thus we identifi ed 
794 patients with non-concurrent intussus-
ception events, an average of 50 cases per 
year (range 39–62). 

The incidence of intussusception 
(cases/100,000 child-years) varied from a 
low of 20.8/100,000 child-years in 2009, 
to a high of 37.3/100,000 child-years in 
2002 (Figure 1). There was no increasing 
or decreasing trend over the study period 
(Kruskal Wallis, p=0.54).

The data was initially analysed in two 
periods, the fi rst corresponding to the 
time period of the previous New Zealand 
study14 (Jan 1998–Jun 2003) and the second 
comprising all subsequent data (July 
2003–Dec 2013). There was no signifi cant 
difference in incidence between the two 
periods and for all subsequent analyses, 
the data were considered as a single group 
(Table 1).

 Intussusception rates varied signifi cantly 
by season, with troughs in January and July 
and corresponding peaks in March and 

Figure 1: Incidence of intussusception by year (New Zealand children 0–36 months, 1998–2013). 

 Table 1: Intussusception rates (cases/100,000 child-years) in New Zealand children 0–36 months, 1998–2013.

Period Duration Age Group Cases Population Incidence Confidence Intervals

Jan 1998–Jun 2003 5.5 years <1 year 181 307,388 58.9 49.2–80.7

Jan 1998–Jun 2003 5.5 years 1–2 years 53 309,362 17.1 9.9–26.6

Jan 1998–Jun 2003 5.5 years 2–3 years 22 312,194 7.0 2.4–13.4

Jan 1998–Jun 2003 5.5 years Total 256 928,944 27.6 19.4–41.0

Jul 2003–Dec 2013 9.5 years <1 year 350 639,226 54.8 37.9–66.2

Jul 2003–Dec 2013 9.5 years 1–2 years 123 650,304 19.3 10.3–27.3

Jul 2003–Dec 2013 9.5 years 2–3 years 65 603,715 10.3 3.7–16.0

Jul 2003–Dec 2013 9.5 years Total 538 1,893,245 28.2 16.8–37.2

Jan1998–Dec 2013 16 years <1 year 531 946,614 56.1 41.7–71.2

Jan1998–Dec 2013 16 years 1–2 years 176 959,666 18.6 9.4–25.9

Jan1998–Dec 2013 16 years 2–3 years 87 915,909 9.2 3.3–15.2

Jan1998–Dec 2013 16 years total 794 2,822,189 28.0 17.5–38.2
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September (22.1/100,000 and 20.8/100,000 
versus 32.1/100,000 and 33.0/100,000 child 
years, Kruskal Wallis, p<0.001, Figure 2).

Intussusception was commoner in 
younger children, with 531 (56%) cases 
occurring in infants aged 0–12 months. The 
youngest infant was ten days old. Median 
age was 8.95 months (IQR 5.80–14.53), with 
incidence peaking between six–nine months 
(79.8 cases/100,000 child-years), and falling 

by 33–36 months of age (<6.0/100,000 child-
years; Kruskal Wallis, p<0.001, Figure 3). 

Intussusception was more common in 
males (male:female ratio 1.87). Male inci-
dence was 36.4/100,000 child-years, while 
female incidence was 19.5/100,000 child-
years, (Mann Whitney U, p<0.001). There 
was no signifi cant difference between 
males and females in the age at which intus-
susception occurred. 

Figure 2: The effect of season on intussusception rates (New Zealand children 0–36 months, 1998–2013).

Figure 3: The effect of age on intussusception rates (New Zealand children 0–36 months, 1998–2013).
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There was no signifi cant difference 
in intussusception rates between ethnic 
groups (Table 2). 

New Zealand census allows more than one 
ethnic group, thereby increasing total popu-
lation numbers and decreasing calculated 
intussusception rates.

However, the age at which intussusception 
occurred varied with ethnicity, occurring 
signifi cantly earlier in Māori and Pacifi c 
infants than other ethnicities (Kruskal 
Wallis, p<0.03, Figure 4).

There was wide variation across District 
Health Board (DHB) regions, with rates 
refl ecting primary care referral patterns. 
For example, Auckland DHB performs the 
majority of the region’s paediatric surgery 
and had a markedly elevated rate of 
49.0/100,000 while nearby, Waitemata DHB 
and Counties Manukau DHB had low rates 
of 7.1/100,000 and 7.2/100,000 respectively. 
There was no signifi cant difference in inci-
dence between the North and South Islands.

Most patients were admitted on a single 
occasion to a single hospital for treatment 
(81%). However, a signifi cant minority 
(16.6%) required transfer to another 
hospital and a few patients (3.7%) required 
readmission to the same hospital within the 
same week. 

Discussion
Over the last 16 years, the incidence of 

intussusception in those aged between 
0–36 months has remained constant in 
New Zealand, with an average rate of 28 
cases/100,000 child-years. These data will 
be critical for ongoing monitoring of intus-
susception rates, following the recent 
introduction of a rotavirus vaccine into 
the New Zealand national immunisation 
schedule.

The current study calculated an incidence 
rate of 56.1/100,000 years in children <1 
year from January 1998 to December 2013. 
The earlier New Zealand study14 reported 

Table 2: The effect of ethnicity on intussusception rates (New Zealand children 0–36 months, 1998–2013).

Ethnicity Incidence (cases/100,000 child-years) 95% Confidence Intervals

European 24.5 13.6–32.4

Māori 23.0 12.9–31.4

Pacific 22.1 14.8–34.2

Asian 26.7 16.6–36.9

Figure 4: Age of intussusception by ethnicity (New Zealand children age 0–36 months, 1998–2013). 
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a rate of 65/100,000 child-years and iden-
tified 21 more cases over the period January 
1998 to June 2006. The extra cases may 
have resulted from their concomitant use 
of surgical and radiological databases in 
addition to NMDS data. Alternatively, their 
methodology for defining non-concurrent 
episodes may have varied from ours. None-
theless, their incidence rate was statistically 
indistinguishable from ours for the same 
period (Chi2=0.64). 

As with other international datasets we 
found intussusception incidence peaked 
in the first year of life. Our incidence rate 
of 56.1/100,000 child-years in infants <1 
year is in the lower/mid range of interna-
tional comparisons (Bangladesh 9/100,000 
child-years, North America 33/100,000 
child-years, England 66/100,000 child-years, 
Australia 101/100,000 child-years, Vietnam 
302/100,000 child-years and South Korea 
328/100,000 child-years).2 

The reasons for this regional variation 
are poorly understood. Some variation is 
undoubtedly attributable to differences 
in data quality and diagnostic criteria. 
However, other factors such as genetic 
influences, dietary factors and precipitant 
infectious diseases (particularly gastro-
enteritis) have been suggested.18 Regardless 
of underlying mechanism, the existence of 
regional differences emphasises the need 
for local data to monitor for vaccine-asso-
ciated adverse events. Our study has clearly 
established this data for New Zealand.

Infection is hypothesised to precipitate 
intussuseption; aggregated lymphoid tissue 
in the gut wall (Peyer’s Patches) hyper-
trophies following infection and may 
subsequently function as a ‘lead point’. 
Recent episodes of viral19 or bacterial20 
gastroenteritis have been consistently 
linked to intussusception. Several studies 
have found adenovirus at higher rates 
in the faeces of children with intussus-
ception than in controls.21,22 Others report a 
temporal association between recent respi-
ratory tract infection and intussusception.23 
No studies have identified an association 
between rotavirus gastroenteritis and intus-
susception,22,24 including an earlier New 
Zealand study.14 

Previous authors have investigated the 
association between intussusception and 

the spring and autumn epidemics of viral 
gastroenteritis typical of temperate coun-
tries.25 In contrast with earlier studies, 
two recent large literature reviews did not 
identify seasonal patterns.2,23 Although 
contributing studies were separated 
according to geographic origin, and the data 
for Oceania showed a winter trough, it did 
not reach statistical significance.2 Our study 
found summer and winter troughs and 
corresponding spring and autumn peaks.

The absence of strong seasonal patterns 
argues against rotavirus as a significant 
precipitant of intussusception23, although 
the presence of multiple viral agents may 
obscure a rotavirus-associated seasonal 
effect. The relative potency of different viral 
precipitants remains to be elucidated.22

The current New Zealand vaccination 
schedule recommends completion of 
rotavirus vaccinations prior to peak age 
of intussusception occurrence. There 
is preliminary evidence to support this 
strategy; a recent Australian study found 
a weaker association between rotavirus 
vaccination and intussusception when 
patients vaccinated after recommended age 
limits were excluded from their data.7 

Existing data do not clarify whether vacci-
nation associated intussusceptions represent 
an overall increase in incidence or an 
earlier age of onset among those in whom 
intussusception would have occurred later 
in infancy, regardless of vaccine exposure. 

The possibility that vaccination does not 
increase cumulative incidence is supported 
by a large Rotarix pre-licensure trial which 
found a significantly lower risk of intus-
susception in recipients of the vaccine 
compared with recipients of placebo 
after one year of follow-up (relative risk 
0.28; 95%CI, 0.1–0.81).26 These findings 
suggest that the short-term increase in 
intussusception risk after rotavirus vacci-
nation may be offset by a decrease in the 
longer-term risk of intussusception during 
the first year of life.

We found that intussusception incidence 
peaked in infants aged six months, with a 
median age of 8.95 months. Our data are 
very similar to the international liter-
ature,2,23 with peak incidence older than the 
recommended age for completion of rota-
virus vaccination. 
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We found no ethnic difference in intussus-
ception rates. This finding contrasts with the 
earlier New Zealand study which identified 
a lower incidence among Māori compared 
to other ethnic groups.14 Ethnic differences 
have been identified in other settings, with 
lower rates noted in indigenous versus 
non-indigenous children in Australia,27 
Bedouin Arab versus Jewish children in 
Israel28 and white versus black/hispanic 
children in the US.29

We did identify a difference in median age 
of occurrence, with earlier intussusception 
in Pacific and Māori children compared to 
those of Asian or other ethnic origin. This 
association has not been reported previ-
ously and could be associated with the 
variable burden of infectious diseases, with 
Pacific and Māori children more likely to 
be admitted to hospital with gastroenteritis 
or respiratory infections.30 An alternative 
factor could be infant weight, as Pacific 
and Māori infants are typically heavier 
than other ethnic groups.31 It is uncertain 
whether earlier intussusception in Māori 
and Pacific infants increases their risk of 
vaccine associated events. 

Timeliness of vaccine delivery remains 
problematic for New Zealand infants. A 
recent study found 23% of six week infants 
received the first vaccination of their 
primary series more than four weeks late, 
with 27% of three-month infants receiving 
their second vaccination more than six 
weeks late.32 Unpublished data suggest that 
Māori infants are more likely than other 
ethnicities to receive their primary series 
late.33 It remains to be clarified whether this 
delay extends to rotavirus vaccinations, and 
how the delay affects intussusception risk.

Vaccination associated intussusception is 
a rare event. Extrapolating Australian rates, 
and assuming a birth cohort of 60,000 and a 
vaccination rate of 95% (MoH HealthTarget), 
New Zealand might expect three extra 
intussusception cases per year. Given year-
to-year variability as well as New Zealand’s 
small immunisation cohort, it would take a 
number of years to detect this small increase 
in intussusception cases. However, the 
ethnic differences in timing of intussception 

combined with later immunisation delivery 
in Māori, occurring closer to the peak inci-
dence of intussception, make a compelling 
case for continued intussception surveil-
lence in New Zealand.

Intussusception symptoms include the 
baby having intermittent crying/screaming 
episodes, curling up or pulling the knees 
to the chest, vomiting +/- passing bloody, 
pink or red coloured jelly-like stools; this 
information is provided in several forums 
for parents as part of vaccination (http://
www.immune.org.nz/vaccines/rotate-
q%C2%AE, http://www.kidshealth.org.nz/
intussusception). 

Our study has a number of shortcomings. 
The data is anonymous, making it impossible 
to audit case notes to ascertain diagnostic 
accuracy or management details. We do not 
have length of stay nor outcome data. 

Our study relies on retrospective coding 
data rather than prospectively identified 
cases. Coding data compiles data from large 
patient populations over significant time 
periods. It also has recognised weaknesses, 
including variable coding practices between 
institutions, changes in coding practice over 
time and simple coding errors. Hospitals 
are required to load discharge data into 
the NMDS within 21 days of the month 
of discharge, so our data are likely to be 
complete up to December 2013. 

A Canadian study examining the reli-
ability of ICD-9 and ICD-10 coding data in 
identifying intussusception calculated a 
sensitivity of 89.3%, and a specificity of 
>99.9%.34 This study implies that ICD coding 
data miss intussusception cases and thus 
under-estimate the background incidence 
rate. Comparing an under-estimate of inci-
dence with prospectively collected data 
would over-estimate the risk of vaccine 
associated adverse events. 

Conversely, some study infants may have 
received Rotarix privately. If so, comparing 
our data with prospectively collected data 
would under-estimate vaccine risk. As our 
data were blinded and rotavirus vacci-
nation was not systematically recorded 
prior to 2014, we were unable to assess 
this possibility. 
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Conclusion
The benefits of rotavirus vaccines vary 

between populations and similarly the 
disadvantages need to be balanced. In high-
income countries such as Australia and New 
Zealand, most intussusception cases are 
diagnosed early and treated by enema with 
good outcomes. 

In settings of high rotavirus mortality, 
particularly those with low background 
rates of intussusception, risk-benefit 
analyses overwhelmingly favour vacci-
nation. In settings where rotavirus mortality 
is uncommon, and the background rates 
of intussusception are relatively high 
such as Australia, the benefits may be less 
dramatic. Nonetheless, recent Australian 

work supports vaccination, estimating 
>6500 fewer gastroenteritis hospitalisations 
compared to 14 additional intussusception 
cases annually.7 Rotavirus hospitalization 
rates are higher in New Zealand than 
Australia35 and intussusception rates are 
lower and thus the relative benefits of vacci-
nation are likely to be greater. 

It remains important for New Zealand to 
monitor the impact of rotavirus vaccination, 
specifically any increase in intussusception. 
It is particularly important to assess the 
impact on Māori and Pacific infants in whom 
intussusception occurs at an earlier age. By 
describing pre-vaccination epidemiology, 
our study will inform ongoing analyses of 
the rotavirus vaccine programme.
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Publication rates and 
characteristics of 

undergraduate medical 
theses in New Zealand

Ibrahim Saleh Al-Busaidi, Yassar Alamri

ABSTRACT
AIM: Publication in peer-reviewed journals is widely regarded as the preferred vehicle for research 
dissemination. In New Zealand, the fate and publication rates of theses produced by medical students is 
unknown. The aim of this study was to examine the frequency and characteristics of publications derived 
from research conducted by Bachelor of Medical Sciences (BMedSc(Hons)) students at the three campuses 
of the University of Otago Medical School, New Zealand. 

METHODS: A total of 153 BMedSc(Hons) theses accepted at the Otago Medical School during the period 
of January 1995 to December 2014 were analysed. Using standardised search criteria, PubMed and 
Google Scholar databases were searched in October 2015 to examine the number and characteristics of 
publications. 

RESULTS: Overall, 50 (32.7%) out of 153 included theses resulted in 81 scientific publications. Ten (12.3%) 
publications featured in Australasian journals. The majority of publications were original articles (84%), 
with pathology and molecular biology (19%) being the most common research area. Although they did not 
reach statistical significance, publications in higher impact factor journals trended towards having a senior 
first author as opposed to a student first author (p=0.06). 

CONCLUSION: Although higher than reported figures from previous studies, publication rates of 
BMedSc(Hons) theses remain lower than expected. To improve our understanding of medical student 
publishing in New Zealand, formal examination of the factors hindering medical students from publishing 
their theses is imperative. 

Ongoing health research is crucial to 
improve medical knowledge and clinical 
practice. Appropriate dissemination and 
publication of research findings is the key 
and final step in the scientific communi-
cation process. In fact, making all research 
findings, positive or otherwise, publicly 
available to potential users is an ethical 
obligation mandated by the international 
scientific community.1 This is usually 
achieved through articles in peer-reviewed 
journals, conference presentations and 
academic theses or dissertations. Inacces-
sible information may result in a number 
of unfavourable consequences including 
waste of resources and medical knowledge, 
unnecessary duplication of studies and loss 
of scientific integrity/trust.2 

Publishing in refereed journals is widely 
regarded by funders and academic institu-
tions as the preferred vehicle for research 
dissemination.3 The number of peer-re-
viewed publications is a significant indicator 
commonly used to assess individual and 
institutional research performance.4,5

Exposure to undergraduate research 
improves critical thinking skills among 
medical students, stimulates their interest 
in academic medicine and is associated 
with increased postgraduate research 
productivity.6 Career progression and 
future involvement in research were 
reported by medical students to be the 
main motivations for participating in 
undergraduate medical research.6,7 
Furthermore, research experience is taken 
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into account by specialty training colleges 
in the selection process for competitive 
specialist training posts and additional 
points are awarded for publications.6,8

In addition to other undergraduate 
medical research activities, interested 
students may choose to undertake any of 
several intercalated research degrees, often 
eventuating in a thesis.8 At the University 
of Otago, the Bachelor of Medical Sciences 
with Honours ‘BMedSc(Hons)’ course is an 
intercalated degree involving a full-time 
one-year research available to medical 
students who have satisfactorily completed 
three or more years of their Bachelor of 
Medicine and Bachelor of Surgery (MB 
ChB) programme.9 The submission of a 
satisfactory thesis describing the results of 
supervised research is a prerequisite for 
the completion and award of the degree. 
Publishing the project findings in peer-re-
viewed journals, while encouraged, is not 
required for the award of the degree.

It has been argued that research-degree 
theses must be made publicly available.10 
Publication of resultant research in indexed 
peer-reviewed journals reflects its quality 
and scientific value, and the acceptability 
of its content to the scientific community.5,11 
Despite the recognised importance of 
student research and publishing,8 few 
studies have evaluated research produc-
tivity of medical student theses.5,11–13 The 
fate and publication patterns of under-
graduate medical thesis-related research 
in New Zealand is unknown. This study 
was aimed to assess the characteristics and 
publication pattern of BMedSc(Hons) theses 
in peer-reviewed journals conducted by 
medical students at the University of Otago 
Medical School.

Methods
Search strategy

The electronic Otago University Research 
Archive14 (ourarchive.otago.ac.nz) was 
searched for all BMedSc(Hons) theses. 
Furthermore, the Faculty of Medicine 
was contacted for additional theses that 
were not electronically archived. Theses 
accepted between 1 January 1995 and 31 
December 2014 were included. The latter 
cut-off was set to allow for a reasonable 
time for any submitted publication upon 

thesis completion to go through the peer-
review process.

During October 2015, PubMed and 
Google Scholar databases were searched 
by both authors for publications using the 
student’s first and last names. A publi-
cation was considered relevant if the 
student was one of the co-authors and the 
publication title/abstract was related to the 
student’s thesis topic. 

Data collection
Confirmed theses were examined more 

closely. Information pertaining to projects’ 
start and end dates, number of supervisor(s) 
as well as subject areas were collected. The 
main subject area was based on key words 
reported in the thesis. If there were no key 
words reported, the main research filed was 
defined by consensus between the authors 
based on the title and content of the thesis.

 For each corresponding publication, 
author (number of authors and order of 
authorship) and article-related data (type 
of and year of publication, journal name 
and impact factor) were collected. Journals’ 
impact factor was obtained using the Journal 
Citation Reports of the Thomson Reuters 
Web of Science. Journals not included in the 
Thomson Reuters Web of Science were allo-
cated an impact factor of zero. 

Statistical analysis
Collected data were inputted onto an Excel 

sheet. Descriptive statistics were used to 
analyse most of the data. Comparisons were 
conducted using an independent-samples 
Student t-test. Regression analysis was used 
to test for correlations. Statistical signifi-
cance was determined if type I error rate 
was <5% (p-value<0.05). All analyses were 
performed using the Statistical Package for 
Social Sciences software (SPSS Statistics®, 
version 22.0.0.0).

Results
Study sample

A total of 154 theses were examined. Only 
one thesis (from 1965) was excluded as it 
fell beyond the time-limit set for the study. 
There was a mean of 7.7 theses submitted 
per year (range, 4–17). The number of 
students enrolling in and submitting BMed-
Sc(Hons) theses has gradually increased 
through the study period (Figure 1). The 
most common subject areas of research 
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were pathology and molecular biology 
(19%), followed by community medicine 
(including general practice and public 
health, 9.8%) and endocrinology and repro-
ductive physiology (9.8%).

Publication data
Overall, 50 (32.7%) out of 153 theses 

resulted in at least one article published in 
indexed peer-reviewed journals. A total of 
81 publications, all of which were in English, 
were identifi ed (range, 1–9 publications per 
thesis). Original articles (84%) and reviews 
(14.8%) constituted the most common types 
of publication. In almost all publications, 

the student was the fi rst (50.6%) or second 
(48.1%) author. The median lag between the 
start of research and publication of a manu-
script was 176 weeks (range, 43–652 weeks). 

Five supervisors were co-authors of 
about a third (32.1%) of the publications. 
Moreover, the number of academic staff 
supervising students (but not collaborators) 
has steadily increased through the years, 
which could explain the upward trend in 
the mean number of authors per publication 
(Figure 2). Students who published did not 
differ in the mean number of supervisors 
compared with students who did not publish 
(1.6 vs 1.4, p=0.08).

Figure 1: Number of medical students enrolled in BMedSc(Hons) programme at the University of Otago 
(1995–2014).

Figure 2: Mean number of authors per publication over time.
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Publishing journals
Ten articles (12.3%) were published in 

Australasian journals. The mean impact 
factor of publishing journals was 1.67 (range, 
0–30.3). Publications in higher impact factor 
journals trended towards having a senior 
first author as opposed to a student first 
author, although this did not reach statis-
tical significance (p=0.06). There was a 
moderate but significant, direct correlation 
between the total number of the authors and 
the impact factor of the publishing journal 
(adjusted R2=0.14, p<0.001).

Discussion
Findings from this study provide, for 

the first time, an insight into the number 
and characteristics of publications from 
undergraduate theses produced by medical 
students in New Zealand. Adding to the 
existing literature on New Zealand medical 
student research and publishing,8,15 this 
study sheds light on their contribution to 
international scientific literature. 

There are several compelling ethical1 
and professional reasons for supervisors3,4 
and their students6–8 to publish in refereed 
journals. Publication rates from BMed-
Sc(Hons) theses in New Zealand have 
been found to be pleasingly high; almost 
one-third (32.7%) of theses led to a publi-
cation in a peer-reviewed journal. This rate 
is higher than figures reported by studies 
from developing and developed countries, 
with publication rates ranging from 13.9% 
and 30%.5,10–12,16 

Nearly half of medical and health-related 
studies remain unpublished.2 Although 
regarded as a piece of literature, the visi-
bility of a thesis is low without appropriate 
dissemination of its content to the wider 
scientific community. A recent study eval-
uated publication rates of Master’s in Public 
Health theses at the University of Auckland, 
New Zealand, found time constraint (63%), 
lack of support from supervisors (35%) 
and low confidence in writing for peer-re-
viewed publication (29%) were the most 
commonly cited reasons for non-publi-
cation of a thesis.17

In our study, the average time taken from 
commencing research to publication was 
more than three and a half years; a finding 
similar to previous research.10,12 The long 
delay for theses to appear in publication can 

be explained by study demands as students 
commence their medical studies immedi-
ately upon the end of the one-year research 
programme. Moreover, student’s supervi-
sor(s) were one of the main drivers behind 
publication. Five supervisors were co-au-
thors of about a third of published articles. 
It was, however, the quality not the quantity 
of supervisors (or collaborators) that influ-
enced publication rates.

Findings from this study have implications 
for medical schools and funders of under-
graduate medical research. Medical students 
undertaking BMedSc(Hons) research 
projects are supported financially by schol-
arships and awards from the Faculty of 
Medicine at the University of Otago as well 
as local trusts.13 Thesis writing is a valuable 
opportunity to teach medical students the 
scientific method of writing and stimulate 
their interest in a career in academia.6 

Failure to transform a thesis into peer-re-
viewed publications raises questions about 
the scientific value of generated knowledge 
and the role of undergraduate medical 
theses in research training and education.10 
Sustained commitment from supervisors, 
practical support in academic writing 
(such as writing courses) and setting the 
expectation that publication is part of the 
thesis writing process might be reasonable 
measures to increase publication rates from 
medical theses.4,17 

Results from our study may underes-
timate publication rates from medical 
student theses. First, articles which are 
published in journals that are not indexed 
in the two databases used in this study may 
have been missed. Second, findings from 
medical theses might have been dissemi-
nated by other means than peer-reviewed 
publications including conference papers 
or posters, book chapters and technical 
reports. Third, our study examined research 
outputs from undergraduate medical theses 
produced by only one medical school in 
New Zealand. The BMedSc(Honours) at 
the University of Auckland is a full-time 
one-year research programme offered to 
medical students, similar to that of Otago’s.

The overall research productivity of 
medical students in New Zealand cannot 
be judged merely based on this study. 
Medical student publications may arise 
from research activities not examined in 
this study which include formal research 
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training projects,18 summer studentships, 
research electives/selectives and inde-
pendent research.7,8 Notwithstanding the 
aforementioned limitations, we believe 
findings from this study give a fair 
reflection of undergraduate medical theses 
in New Zealand. 

Conclusions
To the best of our knowledge, this is 

the first study to explore medical student 
research production from undergraduate 

theses in New Zealand. Publication rates 
of BMedSc(Hons) theses were higher than 
reported figures from previous studies. 
The role of undergraduate medical theses 
in research training and productivity has 
to be clearly defined and interventions to 
increase publication rates should be imple-
mented. To improve our understanding of 
medical student publishing in New Zealand, 
formal examination of the factors hindering 
medical students from publishing their 
theses is imperative.
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How effective is our current 
Orthopaedic Prioritisation 

Tool for scoring patients for 
arthroplasty surgery?

Neal Singleton, Lewis Agius, Sudhindra Rao

ABSTRACT
AIM: To compare those patients who are being accepted onto the waiting list for total hip and knee 
arthroplasty surgery with those patients who are being declined surgery, using a validated functional 
questionnaire.

METHOD: The clinic records from all patients seen for consideration of total hip or knee arthroplasty at
Hawkes Bay Hospital during the preceding four months were reviewed. We sent the Oxford Hip and Knee 
Score questionnaire to all patients who had been put forward for consideration of surgery.

RESULTS: Of the 150 patients we surveyed, 81 had been accepted onto the waiting list and received a date 
for surgery within the next four months and 69 had been declined surgery. Of the 81 patients who had 
been accepted onto the waiting list for surgery, 61 returned the Oxford questionnaire with an average score 
of 10.9. Of the 69 patients who had been declined surgery, 59 returned the Oxford questionnaire with an 
average score of 10.8. Thus the mean Oxford score was not statistically different between those patients 
being accepted onto the waiting list for surgery and those being declined surgery (p=0.925).

CONCLUSION: No difference was found between those patients being accepted onto the waiting list for total 
hip or knee arthroplasty and those being declined surgery in Hawkes Bay after using the Oxford Hip and 
Knee Score as a measure of functional impairment. The average Oxford score indicates that patients being 
seen in Hawkes Bay Hospital for consideration of total hip or knee arthroplasty are severely functionally 
impaired as a result of their condition.

Osteoarthritis is a common condition 
affecting about 15% of adult New 
Zealanders.1

 

The incidence increases with 
advancing age, with a significant rise after 
the age of 60 years. Given the ageing popu-
lation it is likely that New Zealand will have 
to contend with an increasing socioeco-
nomic burden from osteoarthritis in the 
future.2 In the US it is projected that by 2030 
demand for total hip arthroplasty (THA) 
and total knee arthroplasty (TKA) will have 
increased by 174% and 673%, respectively.3 

During the last 13 years in New Zealand the 
total number of THA cases has increased by 
75% and TKA 158% and it estimated that by 
2026 the absolute number of THA and TKA 
cases will increase by 84% (8,950 cases) and 
183% (8,613 cases) respectively.4 

THA and TKA are common procedures 
which are used to treat end-stage  

osteoarthritis when all non-surgical 
management options have been exhausted. 
The goal of arthroplasty surgery is to alle-
viate pain and restore function. However, 
given the costs associated with arthroplasty 
surgery and the limited resources available, 
public hospitals cannot offer surgery to 
all patients seen for consideration of joint 
replacement. As such, there must be a just 
and fair way to determine who should be 
offered surgery. Determining this though, 
raises a number of ethical, social, economic 
and surgical quandaries. There are a 
number of different methods currently in 
use for prioritising patients for surgery. The 
goal of all such scoring tools is to prioritise 
patients according to their symptoms and 
likely benefit from surgery.

Hawkes Bay DHB uses a prioritisation 
tool which is based on the New Zealand 
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Orthopaedic Association hip and knee prior-
itisation tool but has three categories: 

1. potential deterioration (if surgery 
were to be delayed), 

2. expected benefit from surgery and 
3. an overall surgeon assessed severity 

rating with a score of 1–5 being given 
(with 5 being the most severe). 

A score can be overridden if the planned 
surgery is for malignancy, impending spinal 
cord/nerve compression or for a loose/
infected joint prosthesis. There is provision 
for clinical override in exceptional circum-
stances whereby a patient can be added to 
the waiting list at the surgeon’s discretion 
regardless of their prioritised score. Based 
on the score a patient achieves utilising 
the prioritisation tool, they are then either 
placed onto the waiting list for surgery 
or surgery is declined. This is dependent 
on what score is deemed the threshold 
score. A financial threshold score is the 
minimum score that a patient needs to 
achieve in order to be listed for surgery ie, 
if the patients score above the threshold 
score then they are listed for surgery and if 
they score below the threshold score then 
surgery is declined. This financial threshold 
is subject to adjustment by individual DHBs’ 
commensurate with the Health Ministry’s 
waiting time target of four months.

The aim of this study was to compare 
those patients who had been accepted onto 
the waiting list for THA and TKA with those 
who had been declined surgery, using the 
Oxford score as a measure of disability in 
order to determine whether the current 
prioritisation tool is effective. The Oxford 
Hip and Knee Scores were devised as joint 
specific instruments for assessing function 
while minimising influence from other 
comorbidities. The Oxford Hip and Knee 
Scores have been evaluated independently 
and found to be the best and most reliable 
systems for the assessment of hip and knee 
replacement, respectively.5,6,7

We chose to use the Oxford score as it has 
been validated in a number of studies.8,9,10 

Furthermore, it is widely used in national 
joint registries including the New Zealand 
National Joint Registry. The score is 
comprised of twelve questions which assess 
pain and function. Patients complete each 
question giving a score of between 0 to 4 

with 4 being the best outcome and 0 being 
the worst. A total score out of 48 is achieved 
with 48 being the best outcome score and 0 
being the worst, indicating severe disability. 
Kalairajah et al have recommended a 
category of excellence for an Oxford score 
of >41, good for a score of 34–41, fair for 
27–33 and poor for those <27.11 The minimal 
clinically important difference (MCID) is 
the smallest change in score that patients 
perceive as meaningful and has been 
reported as 5 for the Oxford Hip Score and 
4 for the Oxford Knee Score.12 That the 
MCID is small indicates that even a small 
change in score may represent a clinically 
important change in function.

Method
All patients who are referred to Hawkes 

Bay DHB with a diagnosis of hip or knee 
osteoarthritis are assessed by a Consultant 
Orthopaedic surgeon or Registrar in an 
outpatient clinic. After clinical evaluation, 
if a patient is clearly not in need of arthro-
plasty or they do not desire surgery, they can 
either be discharged back to the care of their 
General Practitioner (for ongoing non-sur-
gical management) or reviewed in clinic at 
a later date. These patients do not receive 
a prioritisation score. All other patients 
who desire surgery and who are deemed 
appropriate for surgery are scored util-
ising the prioritisation tool. The maximum 
score is 100, the higher the score the greater 
the level of perceived disability (and the 
potential need for and benefit from surgery). 
It is this score that determines those who 
are referred to the surgical waiting list and 
those who are declined surgery based on 
the predetermined threshold score. At the 
time of completing this study the threshold 
score in Hawkes Bay DHB was 80 points. 
The completed forms are forwarded to the 
Elective Services Manager for final deter-
mination of those that will be accepted onto 
the (four month) surgical waiting list. Those 
deemed to have not reached the threshold 
are not accepted onto the waiting list.

We reviewed clinic records for the four-
month period, 1st July 2015 to 31st October 
2015. This four-month period was selected 
at random by the primary author who noted 
an increasing number of patients with 
severe disability being declined THA and 
TKA due to not meeting the threshold score. 
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All data was collected prospectively. All 
patients who had an application for THA or 
TKA put forward for review by the Elective 
Services Manager were sent the Oxford Hip 
or Knee Score questionnaire to complete. 
No patient was aware if they had been 
accepted or declined surgery at the time 
of completing the questionnaire. We tabu-
lated the results in order to perform a direct 
comparison of Oxford scores between those 
patients who had been accepted onto the 
waiting list for surgery and those patients 
who had been declined surgery after 
receiving the list of accepts and declines 
from the Elective Services Manager.

Ethics approval was obtained from the 
hospital’s research committee.

Statistical analysis
Standard descriptive statistics including 

means, ranges, standard deviations, 
frequencies and percentages were used to 
summarise the data between those accepted 
and those declined surgery. Outcomes were 
compared between those accepted and those 
declined surgery using t-tests and Chi-square 
tests. A two-tailed p-value of <0.05 was taken 

to indicate statistical significance. Data were 
analysed using SPSSv23.0.

Results
During the four-month study period, 150 

patients had an application for THA or 
TKA put forward for review by the Elective 
Services Manager (73 applications for THA 
and 77 applications for TKA). Of these 150 
patients, 81 met the financial threshold 
(average prioritisation tool score 85.4) and 
were accepted onto the waiting list for 
surgery (46 for THA and 35 for TKA), and 
69 failed to meet the financial threshold 
(average score 74.2) and were declined 
inclusion onto the waiting list (27 for THA 
and 42 for TKA).

Oxford Hip and Knee Score question-
naires were returned by 120/150 (80% of 
patients) made up of 61/81 (75%) who had 
been accepted for surgery and 59/69 (86%) 
who had been declined for surgery. Those 
who returned the questionnaire are further 
described in Table 1. This table also shows 
the associations between being accepted or 
declined for surgery based on mean score 

Table 1:

Variable Accepted for surgery N=61 Declined for surgery N=59 Mean Differ-
ence (95% CI)

Mean (SD) Median (IQR) Range Mean (SD) Median (IQR) Range

Oxford score 10.9

(6.0)

10

(7 to 13)

2 to 35 10.8

(6.3)

9

(7 to 14)

0 to 31 0.1

(-2.1 to 2.3) 
P=0.925

Age 70.5

(9.3)

70

(66.5 to 77.5)

47 to 94 69.2

(10.2)

71

(62 to 77)

46 to 88 1.3

(-2.2 to 4.8) 
P=0.458

Accepted N/61 (%) Declined N/59 (%) Odds ratio (95% CI)

Female gender 32 (50.8%) 31 (49.2%) 1.00

(0.49 to 2.04) P=0.993Male gender 29 (50.9%) 28 (49.1%)

Māori ethnicity 9 (52.9%) 8 (47.1%) 1.10

(0.39 to 3.08) P=0.851Non-Māori ethnicity 52 (50.5%) 51 (49.5%)

THA 39 (67.2%) 19 (32.8%) 3.73

(1.75 to 7.95) P=0.001TKA 22 (35.5%) 40 (64.5%)
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differences for continuous variables and 
odds ratios for categorical variables. There 
was no association between Oxford score 
and age (r=0.06, P=0.53). As can be seen 
in Table 1 there was no statistically signif-
icant associations between whether or not 
patients were accepted for surgery except 
for hip compared to knee surgery.

The mean Oxford score was not signifi-
cantly different between those patients being 
accepted onto the waiting list for surgery 
and those being declined surgery, indicating 
no significant functional difference between 
these two groups (Table 1).

Gender, age and ethnicity were not 
related to acceptance onto the waiting list 
for surgery. However, those patients seen 
for consideration of THA were significantly 
more likely to be accepted for surgery than 
those seen for TKA (Table 1).

Conclusion
We found that when using the Oxford 

Hip and Knee Score as a measure of func-
tional impairment there was no statistical 
difference between those patients being 
accepted onto the waiting list for THA and 
TKA and those being declined surgery in 
Hawkes Bay (p=0.925). One could therefore 
question the effectiveness of our current 
prioritisation tool.

Furthermore, the average Oxford score 
in our study among those patients being 
accepted for surgery and those being 
declined surgery suggests that as a region, 
Hawkes Bay patients who are seen for 
consideration of arthroplasty surgery are 
severely functionally impaired secondary to 
their osteoarthritis with an overall Oxford 
score of 10.9.

Discussion
In 2004 the Ministry of Health introduced 

the joint initiative in an effort to increase 
the number of arthroplasty cases being 
performed. A recent review by the Director 
General of Health reported that waiting list 
times had reduced and the absolute number 
of joint replacements being performed 
in New Zealand is increasing. In reality 
however, given the ageing population, more 
patients are being seen for consideration of 
THA and TKA. Blackett et al reported that of 
858 patients where surgery was both desired 

by the patient and deemed appropriate 
by the surgeon, 307 (36%) were declined 
for being below the financial threshold.13 

Currently the over 65-year age group 
represents around 13% of the New Zealand 
population.14 This is expected to almost 
double to 25% by 2031 which will place an 
increasing burden on healthcare resources, 
particularly arthroplasty surgery, as the 
elderly live longer, lead more active lives 
and are less accepting of disability.14

Although the goal of all scoring tools is 
to prioritise patients according to their 
symptoms and likely benefit from surgery, 
it is likely that they struggle to differentiate 
between patients with greater disability. 
This may account for the results of our 
study in which there was no difference 
between those patients being accepted onto 
the waiting list for surgery and those being 
declined surgery despite those patients who 
were accepted for surgery exceeding the 
prioritisation threshold score with those 
who were declined surgery falling below 
it. A more sensitive scoring tool may be 
necessary in order to differentiate between 
patients with higher levels of disability. 
Furthermore, the prioritisation tool in use 
is a generic tool and not specific to any 
particular orthopaedic condition (it is used 
to score all patients seen for consideration of 
elective orthopaedic surgery) which makes 
targeted assessment of a patient’s symptoms 
difficult. Individualised scoring tools tailored 
to specific orthopaedic conditions may be 
necessary to achieve greater accuracy.

The MCID has been reported as being 5 for 
the Oxford hip score and 4 for the Oxford 
knee score indicating that not only is there 
no statistical difference in scores between 
those patients being accepted for surgery 
and those being declined but there is no 
clinical difference either and patients are 
equally disabled.12 

One of the major determinants of post-op-
erative outcome is pre-operative function 
and, therefore, those patients who are 
significantly impaired at the time of surgery 
are still left with a degree of disability 
post-operatively and are unlikely to ever 
achieve the same functional outcome as 
those patients who are less impaired at the 
time of surgery.15 In this study, patients with 
significant disability (mean Oxford score 
10.8) are being declined surgery and are 
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therefore either left with significant pain 
and dysfunction which will no doubt have 
an effect on their quality of life or if they 
do eventually make it onto the waiting list 
(and undergo surgery) they are unlikely to 
ever achieve the same functional outcome 
as those who have their surgery at an earlier 
stage. Furthermore, it is accepted that 
operating on end-stage osteoarthritis can 
be more surgically challenging and possibly 
require the use of more expensive implants.

Williams et al reported that following 
THA, the mean Oxford score can be 
expected to increase by an average of 20 
points and 14 points following TKA.16 

The mean Oxford score for those being 
accepted onto the waiting list for surgery 
was 10.9 in this study. When we separated 
THA and TKA the mean Oxford score for 
those being accepted for THA was 11.1 and 
those being accepted for TKA was 10.5. If 
the THA group increased by 20 points they 
would still only achieve a post-operative 
Oxford score of 31.1 meaning most are, 
potentially, only achieving a fair outcome. 
Similarly, in the TKA group, provided 
patients improve by 14 points, as has been 
suggested, most patients would only be 
expected to achieve an outcome of 24.5 
points resulting in a poor outcome. In 
contrast, the New Zealand Joint Registry 
suggests that 89% of New Zealanders have 
good or excellent Oxford scores at five 
years after THA and TKA.17 These results 
would suggest that patients in Hawkes 
Bay (over the study period) are having 
their surgeries undertaken when they are 
severely functionally impaired and they 
are, therefore, potentially unlikely to ever 
achieve outcomes comparable with those 
who have surgery earlier. This situation is 
unlikely to be unique to Hawkes Bay and 
it is likely that DHBs across New Zealand 
will encounter similar situations where the 
threshold score necessary to be listed for 
surgery will need to be increased to cope 
with the current burden of disease but with 
the financial and resource constraints.

Methodological considerations
All data was collected prospectively and the 

rate of returned questionnaires was similar 
between those accepted (75%) and those 
declined surgery (86%), which adds strength 
to the study. Potential weaknesses of the 
study include the small number of patients 

included but even with a larger sample size 
the results would unlikely change.

In 2013 Gwynne-Jones highlighted the 
existence of regional variations in the 
provision of arthroplasty surgery within 
New Zealand.18 Variations between regions 
can be attributed to a number of factors 
including the age of the population, ethnic 
diversity, average household income and 
thus access to privately funded surgery 
as well as type of employment. This 
paper has further highlighted variations 
between regions and suggests that taking 
these factors into consideration for future 
planning may be a worthy consideration. In 
Gwynne-Jones’ paper 96% of patients listed 
for arthroplasty surgery in Otago had an 
Oxford score of 20 or less, 74% less than 15 
and 37% less than 10 points.18 In the Hawkes 
Bay population, during our four-month 
study period, among those patients who had 
been declined surgery 90% had an Oxford 
score of less than 20, 80% less than 15, and 
51% less than 10 points indicating that 
even the patients being declined surgery 
in Hawkes Bay are equally, if not more, 
functionally disabled than the Otago popu-
lation of patients who are being accepted 
onto the waiting list for surgery. Similarly, 
in Canterbury the mean Oxford score in 726 
patients who underwent THA between 2009 
and 2011 was 18 compared with an average 
score of 10.9 in our study.19 This could be 
attributed to the age of the population; 
16.8% of Hawkes Bay’s population are over 
the age of 65 years compared with 15.7% 
in Otago and 15.5% in Canterbury (and 
14.3% for New Zealand as a whole).20 These 
results could also be attributed to the ethnic 
makeup of the regions. Māori are known to 
present late and with more severe disability 
secondary to osteoarthritis (and conse-
quently have poorer outcomes following 
surgery).21 In Hawkes Bay Māori make up 
24.3% of the population compared with just 
7.5% in Otago and 8.1% in Canterbury.20 

Blackett et al reported that the average 
NZOA score for those patients being listed 
for surgery (70.62) was higher than those 
being declined surgery (55.38, p<0.001) at 
Whangarei Hospital.13 Similarly, at Hawkes 
Bay Hospital, the average NZOA score in 
his paper was higher for those being listed 
for surgery (76.96) compared with those 
being declined (64.66, p<0.001).13 This would 
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indicate that the scoring tools are working 
well in differentiating patients being seen 
for consideration of arthroplasty surgery. 
However, our study found that when using 
the Oxford score as a measure of disability, 
there was no difference between patients 
being accepted onto the waiting list for 
surgery and those being declined surgery. 
Blackett et al also reported that 36% of 
patients in whom surgery was both desired 
by the patient and recommended by the 
surgeon were declined surgery.13 In our 
study 46% of patients (69 out of 150) were 
declined surgery where it was both desired 
by the patients and deemed appropriate by 
the assessing surgeon, meaning that close to 
half of all patients being seen for consider-
ation of arthroplasty surgery in Hawkes Bay 
are being declined.

Gwynne-Jones reported that in Otago the 
intervention rate for THA and TKA was 20.4 
cases per 10,000 per year publically funded 
and 17.5/10,000 per year funded by ACC 
(compared with 33.0/10,000 in New Zealand 
as a whole) ie, a total intervention rate of 
37.9/10,000 per year in Otago (public and 
ACC funded private).18 The actual demand 
in Otago is 41.7/10,000 per year meaning an 
unmet demand of 3.8/10,000 per year or 73 
cases per year.18 Our results would suggest 
that the unmet demand in Hawkes Bay is 
even higher with 69/150 being declined 
surgery where it is was both desired by the 
patient and suggested as appropriate by the 
surgeon over just a four-month period indi-
cating a potential unmet need of 207 cases 
per year.

This issue of ‘unmet need’ is a common 
theme in orthopaedic literature and 
addressing this issue is challenging. Royal 
Australasian College of Surgeons figures 
(2011) recommend one orthopaedic surgeon 
for 15,000–20,000 population .The current 
New Zealand average is 1/17,700 popu-
lation. The present situation in Hawkes Bay 
region is 1/24,200. This suggests significant 
under-resourcing of orthopaedic specialists 
in Hawkes Bay.

A nationwide prioritisation tool would 
help to compare regions in a uniform way 
and therefore enable for a fairer provision 
of resources. A trial is currently underway 
to implement a nationwide orthopaedic 
prioritisation tool. Its use will become 
mandatory later this year. The tool is based 

on a functional impairment questionnaire 
(“How does your condition affect your 
life?”), which patients complete themselves. 
This is based on six categories: 

1. social interactions, 
2. personal relationships, 
3. ability to meet your responsibility to 

others, 
4. personal care, 
5. personal safety, and 
6. leisure activities. 
This score is combined with the score from 

a surgeon-completed questionnaire based 
on five categories: 

1. surgeon perceived impact on patient, 
2. likelihood that significant deterio-

ration in symptoms/function will 
occur in the next six months, 

3. consequences (or significance) of 
deterioration insymptoms/function 
occurring in the next six months, 

4. amount of benefit from the proposed 
surgery for this patient, 

5. risk of surgery for this patient—death 
or significant complications. 

The combined scores give an overall score 
(out of 100) which is then used to determine 
who is placed on the waiting list for surgery 
based on the current threshold score. This 
nationwide prioritisation tool is web based 
and will therefore enable for a comparison 
between regions and may help government 
planning for the future. It does not, 
however, collect data on the type of surgery 
proposed. It is yet to be seen whether this 
new prioritisation tool will enable for differ-
entiation between severely disabled patients 
and therefore effectively score patients for 
arthroplasty surgery. A study similar in 
design to this one comparing patients being 
accepted and declined surgery using the 
new prioritisation tool with the Oxford score 
would be a worthy consideration.

In conclusion, this study has shown 
that there is no difference between those 
patients being accepted onto the waiting list 
for THA and TKA and those being declined 
surgery in Hawkes Bay using the Oxford 
score as a measure of disability. Nearly 
half of all patients seen for consideration 
of THA or TKA are declined surgery despite 
being severely functionally impaired with 
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an average Oxford score of 10.8. This study 
has highlighted the current situation in New 
Zealand where the ageing population is 
placing an increasing demand on healthcare 
services. Even with the introduction of a 
nationwide prioritisation tool it is unlikely 

that we will be able to differentiate between 
those patients who are significantly disabled 
and as a result there will likely be a large 
number of patients unable to receive 
surgery and who are significantly disabled 
from their orthopaedic condition.
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Parental smoking during 
pregnancy: findings from 

the Growing Up in New 
Zealand cohort

Gayl Humphrey, Fiona Rossen, Natalie Walker, Chris Bullen

ABSTRACT
AIMS: To investigate patterns of exposure to tobacco smoke in pregnancy among a representative sample 
of New Zealand women. 

METHODS: Analyses of smoking-related data from the first wave of the Growing Up in New Zealand cohort 
study, ie from the first data-collection point during the antenatal period in 2009–10. 

RESULTS: Twenty percent of mothers reporting smoking before pregnancy and 9.9% of mothers continued 
during pregnancy. These figures were higher in younger women (p<.0001), women with lower educational 
achievement (p<.001) and Māori women (p<.001). Similarly, being Māori (p<.0001) and having a lower 
education achievement (p<.0029) were associated with smoking during an unplanned compared to a 
planned pregnancy. Multiparous mothers were more likely to be smokers than primaparous mothers (11%: 
95% Confidence Interval [CI] 10.0–12.1 vs 8.3%: 95% CI 7.2–9.4). Second-hand smoke exposure was more 
common for younger women (Odds Ratio [OR] 3.2: 95% CI 1.6–6.4), Māori women (OR 1.9: 95% CI 1.4–2.5), 
and women with unplanned pregnancies (OR 3.4 95% CI 12.0–14.8). 

CONCLUSIONS: There are differences in a range of contextual and behavioural factors related to smoking 
before and during pregnancy. Low educational achievement, being young, Māori and multiparous were all 
associated with smoking during pregnancy. A better understanding of why these differences exist is needed 
in order to find appropriate interventions to support women in becoming smoke-free. 

Tobacco smoke exposure in pregnancy 
(maternal smoking and second-hand 
smoke [SHS] exposure) is one of the single 
most important preventable risks for 
maternal, fetal and infant health.1–3 In this 
paper we present new data on tobacco 
smoke exposure in pregnancy for New 
Zealand women.

Maternal smoking during 
pregnancy 

Smoking prevalence in the general popu-
lation in developed countries has declined 
more rapidly in recent years compared to 
developing countries.4 However, globally 
22% of the world’s adult population are 
estimated to be current smokers (36% men, 
8% women).5 A similar picture is evident 
in New Zealand, with the prevalence of 
current smoking declining from 25% in 
1996/97 to 18% 2012/13.6 However, the rates 

of decline in smoking prevalence has been 
slower for Māori and Pacific Peoples during 
this period.6 Furthermore, there has been 
little change in smoking rates over time 
among pregnant women in New Zealand 
(19.5% in 2008 versus 18.4% in 20107), 
particularly if they are Māori, aged 20 years 
and under, living in the most deprived 
areas and/or multiparous.7,8

Smoking during pregnancy is associated 
with a range of health risks for the baby 
and pregnancy, including adverse fetal 
development,9–11 birth complications,12,13 
antepartum haemorrhage14 and pre-term 
delivery.15 Smoking during pregnancy 
also has deleterious effects on children 
in the early neonatal and preschool 
periods, with respiratory morbidity being 
more common.16,17 Harms have also been 
reported to continue through the child’s 
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life course into adulthood. For example, 
maternal smoking during pregnancy is 
associated with adolescent-onset of mental 
illness18 and an increased risk in adulthood 
of obesity,19 metabolic disorders19 and 
cardiovascular disease.3 

Exposure to SHS 
Exposure of non-smokers to SHS is also 

associated with harms.20 The 2008–2010 
Global Adult Tobacco Survey found that 
almost one half (n=470 million) of repro-
ductive-aged women (15–49 years) from 
14 low- and middle-income countries 
were exposed to SHS in their homes.21 At a 
global level it is estimated that of all deaths 
attributable to SHS, 28% occur in children 
and 47% in women.22 When non-smoking 
pregnant women are exposed to SHS there 
is evidence of harmful effects on fetal devel-
opment and on the health of the child, such 
as asthma, low birth weight and neural tube 
defects.17,23–24 An increased risk of cardio-
vascular disease among adult offspring 
exposed to SHS during pregnancy and 
infancy has also been reported.25 Higher 
exposure to SHS, both in the home and 
at work, is seen for those who are socio-
economically disadvantaged.26 In US and 
Australia studies, women with lower educa-
tional achievement and from marginalised 
ethnicities are more exposed to SHS when 
pregnant than their counterparts.27,28 

In New Zealand, non-smokers with 
the highest exposure to SHS are pre- and 
school aged children, Māori and those of 
low socioeconomic status.6,29–30 Data on SHS 
exposure among pregnant New Zealand 
women are limited. Given the high rates 
of daily smoking among males aged 25–54 
years,31 and the high rates of smoking in 
the home,29,32,33 it is highly likely that many 
non-smoking pregnant women are exposed 
to SHS. Exposure is likely to be dispropor-
tionally greater for Māori women, due to 
the higher proportion of Māori that smoke 

and similarly for those experiencing high 
levels of deprivation. In a small study of 
pregnant Māori women who smoked (n=60), 
all lived with smokers and smoking was the 
norm among their Whānau, friends and 
co-workers.34 Participants remarked that 
their environment made being smoke-free 
a difficult position to adopt.34 Exposure to 
SHS in the home has almost halved between 
2006/07 and 2012/2013 for New Zealand 
adults (7.5% to 3.7%) and for children 
aged 0–14 years (9.6% to 5%). The decrease 
experienced by Māori (adults 16% to 9.4%: 
children 18.9% to 9.2%) was substantial but 
not enough.35 The Māori and Māori children 
are disproportionately affected in terms of 
disability adjusted life years (DALYs) due to 
SHS exposure.35 

The Growing Up in NZ (GUiNZ) cohort 
study offers a unique opportunity to 
examine smoking behaviour and exposure 
to SHS over time. This paper focuses on the 
data reported at the first data-collection 
point (antenatal) which ended in June 2010. 
Our aim is to present the patterns of preg-
nancy and exposure to tobacco smoke in this 
cohort, to better understand the profile of 
smokers and the at-risk groups.

Methods
The methodology of GUiNZ is reported 

elsewhere36 but in brief, GUiNZ is a longitu-
dinal study that has recruited and collected 
information from pregnant mothers and 
their partners from before children are 
born. All participants had an expected 
delivery date between 25th April 2009 and 
25th March 2010. In total, 6,822 pregnant 
women enrolled and completed a comput-
er-assisted face-to-face antenatal interview. 
The cohort is comparable to the most recent 
New Zealand national birth statistics with 
regard to maternal age, ethnicity, parity and 
socioeconomic indicators.37
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Measurements
Smoking 

The smoking questions specifically for the 
mother were used (Figure 1). 

Ethnicity
Ethnicity was self-prioritised and coded 

into six Level 1 categories in line with 
Statistics New Zealand’s coding criteria.38 
For the purpose of presenting smoking data, 
we combined the categories of MELAA and 
Other due to small numbers. 

Social-economic position
Socio-economic deprivation was 

measured using the 2006 New Zealand 
Deprivation Index (NZDep2006) and area-
level (neighbourhood) index constructed 
from nine Census 2006 variables (means-
tested benefits; household income; 
home ownership; single-parent family; 
employment; qualifications; household 
overcrowding; access to a telephone 
and access to a car).39,40 We aggregated 
summary deprivation scores as quintiles, 
with ‘1’ representing the least deprived 
neighbourhoods and ‘5’ the most deprived 
neighbourhoods. Highest educational  

qualification was coded as: no qualifi-
cations; secondary school completion; 
diploma/trade certification; bachelors’ 
degree; or higher degree. 

Statistical analyses
All statistical analyses used SAS version 

9.3 (SAS Institute, Cary, Indiana,). We used 
descriptive statistics to examine associ-
ations between mothers’ smoking with 
demographics, pregnancy period (before or 
during), planned/unplanned pregnancy and 
parity. Where multiple regression modelling 
was used, variables were entered only if they 
were significant covariates in univariate 
analyses. Outcomes with less than 10 people 
in each cell are not presented. 

Results
In total, 1,946 mothers reporting smoking 

either before or during pregnancy—20.4% 
(n=1,387) smoked before pregnancy and 
9.9% (n=559) reported that they smoked 
during pregnancy. In univariate analyses, 
being younger, Māori or Pacific, more 
deprived and less educated were all asso-
ciated with smoking before and during 
pregnancy (Table 1).

Figure 1: GUiNZ smoking questions for the mother.

Own smoking.

1. Did you smoke regularly—that is, every day—
before you were aware you were pregnant? 
[Yes; no; don’t know]

2. How many cigarettes did you smoke per day, 
on average, before this pregnancy?

3. Are you currently smoking? [Yes; no; don’t 
know]

4. How many cigarettes do you smoke per day, 
on average?

Exposure to SHS.

1. Does anyone currently regularly smoke in the 
same room as you? [Yes; no; don’t know]

2. How often? [Rarely (less than once a week); 
occasionally (a few times a week); often (al-
most or every day of the week); don’t know] 

ARTICLE



63 NZMJ 23 September 2016, Vol 129 No 1442
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Table 1: Mothers smoking pre- and during pregnancy by demographic characteristics.

Demographic characteristics

MOTHERS SMOKING

Before pregnancy1 During pregnancy2

n
(N=6,807)

%
(95% CI)

Odds ratio 
(95% CI)

p-value
n
(N=5,664)

%
(95% CI)

Odds ratio 
(95% CI)

p-value

Total 1,387
20.4 
(19.4–21.3)

- - 559
9.9 
(9.1–10.6)

- -

Age group

19 or less 190
57.9 
(52.6–63.3)

4.4 
(2.8–6.9)

<0.0001

85
31.1 
(25.6–36.6)

1.7 
(0.9–2.9)

<0.0001

20–29 758
28.5 
(26.8–30.2)

2.4 
(1.6–3.5)

299
13.6 
(12.2–15.1)

1.4 
(0.9–2.3)

30–39 405
11.5 
(10.4–12.5)

1.2 
(0.8–1.7)

162
5.4 
(4.6–6.2)

0.9 
(0.5–1.4)

40 or older 34
12.1 
(8.3–15.9)

1 13
6.4 
(3.0–9.7)

1

Ethnicity

Māori 444
46.8 
(43.7–50.0)

2.2 
(1.8–2.6)

<0.0001

236
31.6 
(28.3–34.9)

3.1 
(2.5–3.9)

<0.0001

Pacific 316
31.7 
(28.8–34.6)

1.1 
(0.9–1.3)

98
13.5 
(11.0–16.0)

1.0 
(0.7–1.3)

Asian 35
3.5 
(2.4–4.6)

0.2 
(0.1–0.3)

- - -

MELAA & Other 18
11.5 
(6.5–16.4)

0.6 
(0.3–1.0)

- - -

New Zealand European 572
15.5 
(14.3–16.7)

1 220
6.8 
(5.9–7.7)

1

NZDep2006

1 (least deprived) 106
9.7 
(7.9–11.4)

1

<0.0001

31
3.3 
(2.2–4.5)

1

<0.0001

2 175
14.2 
(12.2–16.1)

1.4 
(1.1–1.9)

66
6.1 
(4.7–7.5)

1.8 
(1.1–2.7)

3 182
15.6 
(13.5–17.7)

1.4 
(1.0–1.8)

64
6.3 
(4.8–7.8)

1.6 
(1.0–2.5)

4 284
20.0 
(17.9–22.0)

1.4 
(1.1–1.9)

112
9.6 
(7.9–11.2)

1.9 
(1.3–3.0)

5 (most deprived) 640
34.0 
(31.8–36.1)

2.0 
(1.6–2.6)

286
19.5 
(17.5–21.6)

2.9 
(1.9–4.4)

Highest 
education

No sec school qualification 284
58.0 
(53.6–62.3)

1

<0.0001

143
40.6 
(35.5–45.8)

1

<0.0001

Sec school / NCEA 1–4 423
26.0 
(23.9–28.2)

0.4 
(0.3–0.5)

158
11.9 
(10.2–13.7)

0.3 
(0.2–0.4)

Diploma / Trade cert / NCEA 
5–6

532
25.6 
(23.7–27.5)

0.4 
(0.4–0.6)

222
12.9 
(11.3–14.5)

0.4 
(0.3–0.5)

Bachelor’s degree 101
6.6 
(5.3–7.8)

0.1 
(0.1–0.2)

21
1.6 
(0.9–2.3)

0.1 
(0.0–0.1)

Higher degree 41
3.9 
(2.7–5.0)

0.1 
(0.1–0.1)

13
1.4 
(0.6–2.1)

0.1 
(0.0–0.1)

1. Relates to question: “Did you smoke regularly—that is every day—before you were aware you were pregnant?” 
2. Relates to question: “Are you currently smoking?” NB: These results relate to mothers who were interviewed during pregnancy—mothers who 

were interviewed post-partum were excluded from these analyses. 
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Table 2: Average number of cigarettes smoked per day by demographic characteristics.1

Demographic characteristics

NUMBER OF CIGARETTES PER DAY

9 or less2 10 or more
Odds ratio 
(95% CI)

p-value3
n
(N=553)

%
(95% CI)

n
(N=553)

%
(95% CI)

Total 394
71.2 
(67.5–75.0)

159
28.8 
(25.0–32.5)

- -

Age group

19 or less 70
84.3 
(76.5–92.2)

13
15.7 
(7.8–23.5)

0.2 
(0.0–0.7)

0.0004
20–29 216

73.0 
(67.9–78.0)

80
27.0 
(22.0–32.1)

0.4 
(0.1–1.5)

30–39 101
62.7 
(55.2–70.2)

60
37.3 
(29.8–44.8)

0.7 
(0.2–2.6)

40 or older - - - - 1

Ethnicity

Māori 151
64.8 
(58.7–71.0)

82
35.2 
(29.0–41.3)

1.2 
(0.8–1.9)

<.0001

Pacific 82
84.5 
(77.3–91.8)

15
15.5 
(8.2–22.7)

0.3 
(0.2–0.7)

Asian - - 0  - -

MELAA & Other - - 0  - -

New Zealand 
European

156
71.6 
(65.6–77.6)

62
28.4 
(22.4–34.4)

1

NZDep2006

1 (least deprived) 24
77.4 
(62.7–92.2)

- -
1

0.37

2 49
75.4 
(64.9–85.9)

16
24.6 
(14.1–35.1)

1.0 
(0.4–2.9)

3 45
72.6 
(61.4–83.7)

17
27.4 
(16.3–38.6)

1.4 
(0.5–3.9)

4 79
70.5 
(62.1–79.0)

33
29.5 
(21.0–37.9)

1.6 
(0.6–4.2)

5 (most deprived) 197
69.6 
(64.2–75.0)

86
30.4 
(25.0–35.8)

1.9 
(0.7–4.9)

Of the women who reported they were 
currently smoking (n=533), 40.1% (n=222) 
reported that they smoked ≤4 cigarettes per 
day (CPD), 31.1% (n=172) smoked between 
5–9 CPD and 28.8% smoked ≥10 CPD. Given 
the small numbers in each subgroup, we 
used regression analyses to investigate 

differences between smoking <10 and ≥10 
CPD (Table 2). The findings show that when 
all factors were controlled for, older women 
(aged 30–39 years; OR=0.7, 95% CI 0.2–2.6; 
p=0.0004) and being Māori (OR=1.2, 95% 
CI: 0.8–1.9, p<0.0001)) were associated with 
smoking ≥10 CPD. 
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Table 3: Number of cigarettes per day by planned/unplanned pregnancy.1

Maternal self-reported average daily 
cigarette consumption

Planned pregnancy Unplanned pregnancy

n
(N=135)

%
(95% CI)

n
(N=414)

%
(95% CI)

9 or less 107
79.3 
(72.4–86.1)

285
68.8 
(64.4–73.3)

10 or more 28
20.7 
(13.9–27.6)

129
31.2 
(26.7– 35.6)

These results relate to:
1. The question: ‘How many cigarettes do you smoke per day, on average?’;
2. Mothers who indicated that they were currently smoking; and, 
3. Mothers who were interviewed during pregnancy—mothers who were interviewed post-partum were excluded 

from these analyses. 

Table 4: Number of cigarettes per day by parity.1

Maternal self-reported average daily 
cigarette consumption

First pregnancy Subsequent pregnancies

n
(N=195)

%
(95% CI)

n
(N=358)

%
(95% CI)

9 or less 151
77.4 
(71.6–83.3)

243
67.9 
(63.0–72.7)

10 or more 44
22.6 
(16.7–28.4)

115
32.1 
(27.3–37.0)

These results relate to:
1. The question: ‘How many cigarettes do you smoke per day, on average?’;
2. Mothers who indicated that they were currently smoking; and, 
3. Mothers who were interviewed during pregnancy - mothers who were interviewed post-partum were excluded 

from these analyses. 

Tables 3 and 4 present the unadjusted 
findings for the number of cigarettes 
smoked by planned or unplanned preg-
nancy and by parity. Among women with 
unplanned pregnancies unplanned smoking 
≥10 CPD was more common (31.2%) than 

among women with planned pregnancies 
(20.7%) (Table 3) Table 4 shows that multip-
arous women were more likely to smoke ≥10 
CPD (32.1%) than their primipara counter-
parts (22.6%, n=195).

Highest education

No sec school 
qualification

86
61.0 
(52.9–69.1)

55
39.0 
(30.9–47.1)

1

0.0002

Sec school / NCEA 
1–4

133
84.2 
(78.5–89.9)

25
15.8 
(10.1–21.5)

0.3 
(0.2–0.5)

Diploma / Trade 
cert / NCEA 5–6

149
68.0 
(61.8–74.2)

70
32.0 
(25.8–38.2)

0.6 
(0.3–0.9)

Bachelor’s degree 13
65.0 
(44.0–86.0)

- - -

Higher degree 11
84.6 
(64.9–
100.0)

- - -

These results relate to: 
1. The question: ‘How many cigarettes do you smoke per day, on average?’; mothers who indicated that they were 

currently smoking; and, mothers who were interviewed during pregnancy–others who were interviewed post-
partum were excluded from these analyses. 

2. As this question was only asked of mothers who indicated that they currently smoke, ‘nine or less’ includes 
those who responded ‘zero’. 

3. Outcome being modelled is ’10 or more’.

Table 2: Average number of cigarettes smoked per day by demographic characteristics.1 (Continued.)
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Table 5: Mothers smoking during pregnancy by planned/unplanned pregnancy. 

Demographic characteristics

DURING pregnancy1

Planned Unplanned
Odds ratio 
(95% CI)

p-value2
n
(N=3,488)

%
(95% CI)

n
(N=2,156)

%
(95% CI)

Total 135
3.9 
(3.2–4.5)

420
19.5 
(17.8–21.2)

- -

Age group

19 or less 8
9.4 
(3.2–15.6)

77
90.6 
(84.4–96.8)

2.6 
(0.7–10.8)

0.01

20–29 73
24.7 
(19.8–29.6)

223
75.3 
(70.4–80.2)

0.7 
(0.2–2.4)

30–39 50
31.1 
(23.9–38.2)

111
68.9 
(61.8–76.1)

0.7 
(0.2–2.4)

40 or older 4
30.8 
(5.7–55.9)

9
69.2 
(44.1–94.3)

1

Ethnicity

Māori 30
12.8 
(8.5–17.0)

205
87.2 
(83.0–91.5)

3.4 
(2.1–5.4)

<.0001

Pacific 26
26.8 
(18.0–35.6)

71
73.2 
(64.4–82.0)

1.3 
(0.8–2.2)

Asian 0 - - - -

MELAA & Other - - 0 - -

New Zealand 
European

77
35.3 
(29.0–41.7)

141
64.7 
(58.3–71.0)

1

NZDep2006

1 (least deprived) 10
32.3 
(15.8–48.7)

21
67.7 
(51.3–84.2)

1

0.16

2 19
30.2 
(18.8–41.5)

44
69.8 
(58.5–81.2)

0.8 
(0.3–2.0)

3 25
39.1 
(27.1–51.0)

39
60.9 
(49.0–72.9)

0.5 
(0.2–1.3)

4 29
25.9 
(17.8–34.0)

83
74.1 
(66.0–82.2)

0.7 
(0.3–1.8)

5 (most deprived) 52
18.2 
(13.8–22.7)

233
81.8 
(77.3–86.2)

1.1 
(0.5–2.5)

Highest educa-
tion

No sec school 
qualification

23
16.2 
(10.1–22.3)

119
83.8 
(77.7–89.9)

1

0.002

Sec school / NCEA 
1–4

44
28.0 
(21.0–35.1)

113
72.0 
(64.9–79.0)

0.4 
(0.3–0.8)

Diploma / Trade 
cert / NCEA 5–6

51
23.1 
(17.5–28.6)

170
76.9 
(71.4–82.5)

0.7 
(0.4–1.2)

Bachelor’s degree 10
50.0 
(28.1–71.9)

10
50.0 
(28.1–71.9)

0.2 
(0.1–0.6)

Higher degree - - 7 - -

1. Relates to question: “Are you currently smoking?” NB: These results relate to mothers who were interviewed 
during pregnancy—mothers who were interviewed post-partum were excluded from these analyses. 

2. Outcome being modelled is ‘Unplanned pregnancy’.

Planned versus unplanned 
pregnancy on continued smoking

Smoking before pregnancy was greater 
when that pregnancy was unplanned, partic-
ularly for younger women (p<.0001), those 
with lower education achievement (p<.001) 
and Māori women (p<.001).

After adjusting for all covariates in the 
regression analysis, being Māori (p<.0001) 
and having lower education achievement 
(p<.0029) were found to be significantly 
associated with continuing to smoke during 
an unplanned pregnancy compared to 
planned, while age was less important 
(p<.015) (Table 5).
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Table 6: Mothers smoking during pregnancy by parity. 

Demographic characteristics

DURING pregnancy1

First-born Subsequent
Odds ratio 
(95% CI)

p-value2
n
(N=2,396)

%
(95% CI)

n
(N=3,268)

%
(95% CI)

Total 198
8.3 
(7.2–9.4)

361
11.0 
(10.0–12.1)

- -

Age group

19 or less 67
78.8 
(70.1–87.5)

18
21.2 
(12.5–29.9)

0.0 
(0.0–0.1)

<.0001

20–29 100
33.4 
(28.1–38.8)

199
66.6 
(61.2–71.9)

0.2 
(0.0–0.6)

30–39 30
18.5 
(12.5–24.5)

132
81.5 
(75.5–87.5)

0.6 
(0.1–2.3)

40 or older - - 12
92.3 
(77.8–100.0)

1

Ethnicity

Māori 77
32.6 
(26.6–38.6)

159
67.4 
(61.4–73.4)

1.9 
(1.2–2.9)

<.0001

Pacific 27
27.6 
(18.7–36.4)

71
72.4 
(63.6–81.3)

2.2 
(1.3–3.9)

Asian 0 -
-

MELAA & Other - - - -
-

New Zealand 
European

92
41.8 
(35.3–48.3)

128
58.2 
(51.7–64.7)

1

NZDep2006

1 (least deprived) - 24
77.4 
(62.7–92.1)

1

0.16

2 25
37.9 
(26.2–49.6)

41
62.1 
(50.4–73.8)

0.5 
(0.2–1.4)

3 24
37.5 
(25.6–49.4)

40
62.5 
(50.6–74.4)

0.9 
(0.3–2.7)

4 46
41.1 
(32.0–50.2)

66
58.9 
(49.8–68.0)

0.4 
(0.1–1.1)

5 (most deprived) 96
33.6 
(28.1–39.0)

190
66.4 
(61.0–71.9)

0.6 
(0.2–1.5)

Parity and Smoking 
While the survey did not capture if 

mothers smoked during earlier preg-
nancies, Table 6 reports unadjusted smoking 
responses by parity status. There was little 
difference in smoking between the parity 
groups (first-born: 20.5%, 95% CI 19.0–22.0 
vs subsequent: 20.3%, 95% CI 19.0–21.5) 
or during pregnancy (first-born: 8.3%, 

95% CI 7.2-9.4 vs subsequent: 11%, 95% CI 
10.0–12.1). 

However, after controlling for age, 
ethnicity, deprivation and educational 
achievement; continuing to smoke during 
pregnancy was more common in multip-
arous women who were Māori and Pacific 
(Table 6).
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Table 7: Exposure to SHS by demographic characteristics. 

Demographic characteristics

EXPOSURE TO SECOND-HAND SMOKE DURING PREGNANCY

Yes No
Odds ratio 
(95% CI)

p-value2

n
%
(95% CI)

n
%
(95% CI)

Total 394
7.0 
(6.3–7.6)

5,270
93.0 
(92.4–93.7)

- -

Age group

19 or less 77
28.2 
(22.9–33.5)

196
71.8 
(66.5–77.1)

3.2 
(1.6–6.4)

<0.0001

20–29 228
10.4 
(9.1–11.7)

1,967
89.6 
(88.3–90.9)

1.6 
(0.9–3.0)

30–39 79
2.6 
(2.1–3.2)

2,913
97.4 
(96.8–97.9)

0.6 
(0.3–1.2)

40 or older 10
4.9 
(1.9–7.9)

194
95.1 
(92.1–98.1)

1

Ethnicity

Māori 135
18.1 
(15.3–20.8)

612
81.9 
(79.2–84.7)

1.9 
(1.4–2.5)

<0.0001

Pacific 84
11.6 
(9.2–13.9)

642
88.4 
(86.1–90.8)

1.1 
(0.8–1.5)

Asian 27
3.4 
(2.1–4.6)

775
96.6 
(95.4–97.9)

0.7 
(0.5–1.1)

MELAA & Other - - 134
96.4 
(93.3–99.5)

0.6 
(0.3–1.6)

New Zealand European 142
4.4 
(3.7–5.1)

3,100
95.6 
(94.9–96.3)

1

Exposure to SHS
Seven percent of the 5,664 women 

reported being exposed to SHS from 
someone smoking in the same room. 
For planned pregnancies, someone else 
smoking in the same room as the mother 
was substantively less (3%, 95% CI 2.4–3.6) 
than for unplanned pregnancies (13.4%, 
95% CI 12.0–14.8). However, when parity 
was examined irrespective of planned or 
unplanned, no difference was apparent, 

(primipara mothers: 8.1%, CI 7.0–9.1 versus 
multiparous mothers: 6.2%, 95% CI 5.3–7.0).

Adjusting for age, ethnicity, deprivation 
and educational status, being ≤ 19 years of 
age (OR 3.2, 95% CI 1.6–6.4; p<.0001), being 
Māori (OR 1.9: 95% CI: 1.4–2.5; p<.0001), 
living in an area of high deprivation (OR 
3.5 CI: 2.0–5.7; p<.0001) and having a low 
educational achievement (p<.0001) were 
significantly associated with mothers 
reporting having someone smoking in the 
same room as them (Table 7). 

Highest edu-
cation

No sec school 
qualification

39
27.3 
(20.0–34.6)

104
72.7 
(65.4–80.0)

1

<.0001

Sec school / 
NCEA 1–4

65
41.1 
(33.5–48.8)

93
58.9 
(51.2–66.5)

0.4 
(0.2–0.6)

Diploma / Trade 
cert / NCEA 5–6

81
36.5 
(30.2–42.8)

141
63.5 
(57.2–69.8)

0.3 
(0.2–0.5)

Bachelor’s 
degree

- - 16
76.2 
(58.0–94.4)

0.3 
(0.1–0.9)

Higher degree - - - - -

1. Relates to question: “Are you currently smoking?” NB: These results relate to mothers who were interviewed 
during pregnancy—mothers who were interviewed post-partum were excluded from these analyses. 

2. Outcome being modelled is ‘subsequent pregnancy’.

Table 6: Mothers smoking during pregnancy by parity. (Continued.)
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Discussion
Being younger (<20 years), being less 

well educated and living in an area of high 
deprivation continue to be strongly related 
to smoking before and during pregnancy. 
These factors are similar to those reported 
internationally41,42,43 and nationally.7,8 The 
finding that multiparous women were more 
likely to continue to smoke during preg-
nancy and smoke more CPD than primipara 
women has also been previously reported.44 
While first time pregnancy appears to be a 
motivator for smoking cessation, it does not 
seem to hold true for multiparous women. 
This finding has also been reported before 
for New Zealand,7 and may be related to 
both smoking behaviour (eg being more 
cigarette dependent) and contextual factors 
(eg less social support, financial pressures 
and low self-confidence).45 Understanding 
these factors is important, as this group is 
highly likely to be contributing to the wider 
family’s (including older children) exposure 
to SHS, as well as their unborn child. 

A planned pregnancy was positively asso-
ciated with not smoking during pregnancy 
or if still smoking, a lower consumption 
of cigarettes (<9 CPD). This finding may 

signal that women (and families) may have 
planned a wider “healthy” strategy which 
included smoking cessation when planning 
to start or add to their family. It is not 
known if these women (and families) also 
have greater and/or earlier interactions 
with health professionals and as such are 
exposed to early cessation advice, support 
and treatment. Until relatively recently, 
cutting down rather than quitting smoking 
was the dominant message to pregnant 
smokers by health professionals.46,47 

While there is a high awareness of the 
harms of smoking on themselves and 
their unborn child, the lived context of 
the pregnant women plays a large part 
in smoking cessation. It is not possible to 
determine who actively cut down their 
CPD in this study but research suggests 
that adoption of a cutting down approach 
versus quitting is more common in women 
with low educational achievement and 
living in areas of greater deprivation.46,48,49 
It is critical that a consistent message and 
a subsequent supportive environment is 
provided if changes to these rates are to 
happen. It will also be important to explore 
the smoking data in subsequent GUiNZ 
waves, as international research suggests 

NZDep2006

1 (least deprived) 18
1.9 
(1.0–2.8)

918
98.1 
(97.2–99.0)

1

<0.0001

2 38
3.5 
(2.4–4.6)

1,042
96.5 
(95.4–97.6)

1.6 
(0.9–2.9)

3 49
4.9 
(3.5–6.2)

960
95.1 
(93.8–96.5)

1.8 
(1.0–3.2)

4 78
6.7 
(5.2–8.1)

1,094
93.3 
(91.9–94.8)

2.0 
(1.1–3.4)

5 (most deprived) 211
14.4 
(12.6–16.2)

1,254
85.6 
(83.8–87.4)

3.4 
(2.0–5.7)

Highest 
education

No sec school qualification 94
26.7 
(22.1–31.3)

258
73.3 
(68.7–77.9)

1

<0.0001

Sec school / NCEA 1–4 113
8.5 
(7.0–10.0)

1,213
91.5 
(90.0–93.0)

0.4 
(0.3–0.6)

Diploma / Trade cert / 
NCEA 5–6

144
8.4 
(7.1–9.7)

1,573
91.6 
(90.3–92.9)

0.5 
(0.3–0.7)

Bachelor’s degree 31
2.4 
(1.5–3.2)

1,277
97.6 
(96.8–98.5)

0.2 
(0.1–0.3)

Higher degree - - 941
99.1 
(98.4–99.7)

0.1 
(0.0–0.2)

These results relate to: 
1. The question: ‘Does anyone currently regularly smoke in the same room as you?’; Mothers who were interviewed 

during pregnancy—mothers who were interviewed post-partum were excluded from these analyses. 
2. Outcome being modelled is ‘Does anyone currently regularly smoke in the same room as you?—Yes’’.

Table 7: Exposure to SHS by demographic characteristics. (Continued.)

ARTICLE



70 NZMJ 23 September 2016, Vol 129 No 1442
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

women often resume smoking in the days or 
weeks following the birth of their child.7,50

Second Hand Smoke
Wider social contexts (friends, family, 

work) are important factors in supporting 
or impeding behavioural change activ-
ities.51 While only 7% of our cohort reported 
another person smoking in the same room, 
this finding was correlated with being 
younger, living in the most deprived area, 
lower educational achievement and Māori. 
Once again, understanding these contexts 
in more detail is important for intervention 
strategies to be successful. Exploration of 
the GUiNZ partner responses and the other 
contextual details captured in GUiNZ data 
(including stressors) is needed. It is clear 
that New Zealand’s current smoke-free strat-
egies are not proving to be as effective for 
multiparous women and it is unclear why 
this is so. More in-depth qualitative research 
is needed to explore their motivations and 
situational contexts. Such research will help 
identify where additional interventions 
could be focused so as to reduce the burden 
of SHS on other children living at home.52 

Equity
The impact of high rates of smoking is 

evident for Māori mortality and health-re-
lated outcomes across the life course from 
the new-born through to adulthood.35,53 
Māori reportedly receive antenatal care 
later in pregnancy.7 In repeated smoking 
surveys, Māori youth report having their 
first cigarette significantly earlier than their 
non-Māori counterparts, and smoking prev-
alence in young Māori females (15–24 years) 
was significantly higher than for non-Māori.54 
This finding may partly account for the low 
smoking cessation rate for Māori during 
pregnancy.34 However it does not explain the 
contextual drivers that influenced earlier 
initiation or higher consumption. Arguably, 
it will not be until a deeper understanding of 
this issue is obtained, that effective interven-
tions can emerge.

It is clear that efforts to support young 
Māori and Pacific women at their first preg-
nancy to quit are pivotal, as both groups 
were positively associated with smoking 
during subsequent pregnancies. The ability 
to act on information given about smoking 
in pregnancy has been reported as low 
by Māori women.47,55 This finding should 
emphasise that the effectiveness of the 

current suite of interventions is suboptimal 
for pregnant Māori women regardless of 
parity, and new strategies are needed to 
reduce significant life course harms. 

Interventions
There is a bourgeoning literature on the 

effectiveness of cessation activities for the 
general smoking population. However, there 
is less research on smoking cessation inter-
ventions for pregnant women (prima and 
multiparious) and indigenous populations. 
Indigenous research by Glover et al56,57 and 
Walker et al33 have set some of the ground 
work for identifying successful directions 
for smoking cessation interventions, such 
as coaching models and using incentives as 
motivators for change. It is clear that more 
work is urgently needed to evaluate these 
and other data in more detail, as it remains 
unclear why some of these strategies work 
and others do not. 

 A Cochrane review specifically examining 
smoking cessation interventions for indig-
enous populations concluded that more 
rigorous trials are required to bridge the gap 
between tobacco-related health disparities 
in Indigenous and non-Indigenous popula-
tions.58 Another Cochrane Review59 reported 
that using a mix of interventions was most 
effective in helping pregnant women that 
smoke to quit, and highlighted the positive 
findings around the use of incentives. Use of 
incentives is a strategy rarely used in New 
Zealand, but is showing promise particularly 
for younger Māori mothers (ie <30 years)60 
and with one context of a team compe-
tition.60 However, the cost-effectiveness of 
such strategies is unclear. 

Engaging with mothers and families early 
in their antenatal care in another strategy 
that shows promise in the New Zealand 
context, in reducing smoking rates.50 While 
New Zealand has a significant array of 
smoking cessation intervention programmes 
based on and contributing to the evidence 
base, there are few that have a specific 
focus on pregnant women.61 Evaluations 
of these programmes appear to be scarce 
in the published and grey literature, or are 
small in scale and duration62 and as such are 
often not widely adopted. While not specific 
to mothers, a study of the awareness and 
perceived effectiveness of smoking cessation 
services for those living in high deprivation 
areas in New Zealand, reported these to 
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be low.63 This finding is important as our 
findings show that being Māori and living in 
high deprivation areas were associated with 
smoking during pregnancy. 

Conclusion
Reducing maternal tobacco smoke 

exposure has the potential to have a positive 

health effect that far exceeds the immediate 
health of both mother and infant. There 
is a paucity of local evidence on the effec-
tiveness of smoking cessation interventions 
for Maori women.  Without effective inter-
ventions to reduce tobacco smoke exposure 
in pregnancy, intergenerational health 
equalities will be come more entrenched. 
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Low FODMAP diet efficacy 
in IBS patients—what is the 
evidence and what else do 

we need to know?
Tim Kortlever, Clarice Hebblethwaite, Julie Leeper, Leigh O'Brien, Chris 

Mulder, Richard B Gearry

ABSTRACT
Irritable Bowel Syndrome (IBS) is a common and significant health problem which may be treatable 
with dietary interventions. Here we aim to explain the principles of the low Fermentable Oligo-, Di-, 
Monosaccharides and Polyol diet, and discuss both the limitations and opportunities of the diet in those 
with IBS, a common cause of presentation to primary and secondary care in New Zealand. 

 Background
Irritable Bowel Syndrome (IBS) is a 

functional gastrointestinal disorder char-
acterised by abdominal pain, altered 
bowel habits (diarrhoea or constipation) 
and bloating. The Rome III criteria are the 
current standard test for the diagnosis of IBS 
being validated and used frequently (Figure 
1).7 In industrialised countries, IBS is one of 
the most common gastrointestinal disorders 
presenting to general practitioners (GPs). IBS 
prevalence in New Zealand is 10–18%, with 
a higher prevalence in women.1 The highest 
rates of IBS are seen in those less than 50 
years of age.2 Data on the distribution of IBS 
among different ethnic and age groups in 
New Zealand are not available.

While not requiring major medical or 
surgical interventions, the impact of IBS on 
quality of life is significant. Health-related 
quality of life is reduced in IBS patients 
who present to doctors,3 more so than 
controls and to similar levels as individuals 
with diabetes, end stage renal failure 
and gastroesophageal reflux disease.4 
Furthermore, comorbidities such as anxiety 
and depression are more common in IBS 
patients.5 The impact on daily activities 
is significant and it is estimated that the 
yearly direct costs of IBS may range up to 
NZ$1,000 (or around US$750) per patient.6 
Indirect costs, such as absence from work 
and impaired productivity, are more 
difficult to calculate but have been acknowl-
edged as substantial.6

Figure 1:7

Diagnosis of Irritable Bowel syndrome is based on the following criteria:
• A patient must have recurrent abdominal pain or discomfort for at least three 

days/month in the last three months with symptom onset at least six months prior 
to diagnosis

• Abdominal pain or discomfort must be associated with at least two of the 
following:

1. Improvement with defaecation
2. Onset associated with change in frequency in stool
3. Onset associated with change in form (appearance) of stool
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Although the pathophysiology of IBS 
is unclear, a number of putative mecha-
nisms have been identified. These include 
visceral hypersensitivity, brain-gut axis 
dysregulation, altered gastrointestinal 
microbiota, increased gut mucosal immune 
activity and the direct action of specific 
food chemicals.7 Visceral hypersensitivity 
has received significant attention. Func-
tional MRI brain studies, for example, 
support the importance of this mechanism.8 

However, without a clear understanding of 
IBS aetiology and pathogenesis, a symp-
tom-based approach has been adopted to 
palliate symptoms. Current therapeutic 
options include pharmaceuticals (eg anti-
depressants, antispasmodics, laxative 
agents or 5-HT3 receptor antagonists), fibre 
supplements, regular exercise, probiotics, 
psychological and dietary therapy.7 Often 
simple pharmacotherapy may be safe and 
effective but many treatments only achieve 
partial relief and may have serious adverse 
effects. For example, laxatives improve 
stool frequency and consistency in patients 
with constipation-predominant IBS, but do 
not have an effect on abdominal pain or 
bloating.7 Furthermore, antidepressants 
may improve abdominal pain, but may 
have side effects and are, therefore, not 
suitable for all IBS patients.7

Over the past decade, a new dietary 
therapy has emerged with convincing 
results in multiple clinical trials. In 
studies from a range of populations, up to 
three-quarters of IBS patients experience 
symptom improvement when adhering to a 
diet low in Fermentable Oligo-, Di-, Mono-
saccharides and Polyols (FODMAPs).9–12 Key 
symptoms such as abdominal pain, bloating, 
stool frequency and flatulence improve 
significantly in most IBS patients adherent 
to this diet. Restricting certain short-chain 
carbohydrates from the diet involves 
guidance from skilled dietitians to ensure 
that the diet is nutritionally adequate and 
balanced, and presented in a practical way. 

Here we aim to explain the principles of 
the low FODMAP diet and to discuss both 
the limitations and opportunities of the 
diet in those with IBS, a common cause of 
presentation to primary and secondary care 
in New Zealand.

The low FODMAP diet
Origin and mechanisms

Up to 84% of patients with IBS attribute 
specific foods as triggers of their abdominal 
symptoms.13 Up to 70% of all patients 
believe that incompletely absorbed carbo-
hydrates may be associated with their GI 
symptoms.13 This view is supported by 
observations of symptom improvement 
after dietary exclusion of solitary short-
chain carbohydrates such as: fructose, 
lactose, fructans and sorbitol.14 A number of 
these carbohydrates even share an additive 
effect, increasing the severity of symptoms 
when ingested together.12 In the last decade, 
a restriction diet that incorporates these 
and other carbohydrates, the low FODMAP 
diet, has been developed.

The key characteristics shared by foods 
that are restricted in the low FODMAP 
diet are, firstly, that they are osmotically 
active.15 Secondly, they are malabsorbed 
due to the absence (relative or absolute) 
of specific hydrolases to effectively digest 
them or due to an absorption rate that is 
slower than intestinal transit time.16 Conse-
quently, these molecules remain in the 
small intestine, attracting water into the 
gastrointestinal tract via osmosis (Figure 
2A). FODMAPs then pass into the colon 
where they are fermented by the colonic 
microbiota. FODMAP fermentation releases 
gases (primarily hydrogen, carbon dioxide 
and in some cases methane) and short-
chain fatty acids (Figure 2B).

Small intestinal water accumulation 
following high FODMAP consumption has 
been confirmed by imaging and exper-
imental studies.15,17 In one study, twelve 
ileostomates consumed a low and high 
FODMAP diet in a randomised, single-
blinded cross-over study. Effluent weight, 
dry weight and volume increased by 
approximately 20% on the high FODMAP 
diet.15 A MRI study by Murray et al found 
an increase in small bowel water content 
(SBWC) after ingestion of large amounts of 
fructose.17 The addition of glucose lessened 
the increase in SBWC via co-transport of 
glucose and fructose. 

The fermentation of FODMAPs by intes-
tinal microbiota has been studied by Ong 
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et al, who found that both IBS patients and 
healthy subjects produced more breath 
hydrogen while consuming a high rather 
than low FODMAP diet.18 In addition, 
breath hydrogen levels of IBS patients were 
signifi cantly higher than that of healthy 
subjects, suggesting differences in the 
microbiota composition and metabolism, as 
described previously.19

Increased small intestinal water delivery 
and colonic fermentation leads to luminal 
distension and a more liquid effl  uent. In 
IBS patients (who have visceral hypersen-
sitivity) this may trigger symptoms such as 
abdominal pain and bloating, diarrhoea 
and wind. Constipation while digesting 
osmotically active carbohydrates may be 
explained by a slower transit time due to 
the production of methane gas in some 
individuals.14

Principles of the low FODMAP diet
A diet low in FODMAPs minimises foods 

with a high content of fermentable short-
chain carbohydrates. These include fructose 
(in excess of glucose), lactose, fructans, 
galacto-oligosaccharadies and polyols. As 
the name suggests, the low FODMAP diet 
does not eliminate FODMAPs completely, 
but rather reduces gastrointestinal FODMAP 
concentration to an extent where symptoms 
are controlled. This threshold is, however, 

variable between individuals. Therefore, 
dietitians will advise a signifi cant reduction 
in FODMAP containing foods with a subse-
quent re-introduction of specifi c FODMAPs 
until a symptom threshold is reached. 

While there is no ability for most 
FODMAPs to be absorbed in the small 
intestine, lactose and fructose can be 
transported across the intestinal barrier 
in some individuals. Absorption of lactose, 
the natural sugar in milk and other dairy 
products, depends on the persistence of 
lactase enzymes in the brush border of the 
small intestinal mucosa. Lactase non-per-
sistence is common after weaning in the 
majority of the global population. However, 
high lactase levels may persist to adulthood 
in some populations, especially those of 
Northern European descent.20 In those with 
lactase non-persistence and IBS, lactose acts 
as a FODMAP leading to signifi cant gastro-
intestinal symptoms.

Fructose may be absorbed in one of two 
ways.16 Fructose is generally absorbed 
slowly via the low capacity GLUT5 trans-
porter. However, this mechanism may 
be overwhelmed when there are larger 
quantities of fructose ingested over a short 
period (eg by drinking a glass of orange 
juice). Alternatively, when fructose and 
glucose are ingested simultaneously in 

Figure 2: The effects of FODMAPs in the small (A) and large intestine (B). Subsequent luminal disten-
tion caused by an increased luminal volume may trigger symptoms in patients with visceral hypersen-
sitivity, including: abdominal pain or discomfort, diarrhoea, constipation and bloating.
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Table 1: Summary of the key studies of low FODMAP diet efficacy. IBS = Irritable Bowel Syndrome, LFD = low FODMAP diet, HFD = high 
FODMAP diet, NCGS = non-coeliac gluten sensitivity, LGG = Lactobacillus rhamnosus GG, GI = gastrointestinal.

Reference Country Cohorts Methodology Intervention and 
duration

Results Limitations and 
remarks

Shepherd et 
al (2008)12

Australia IBS patients with 
Fructose Malab-
sorption (n=25)

Randomised, 
double-blind-
ed, quadruple 
arm, controlled 
rechallenge 
trial

2 week treat-
ment arms with 
fructose, fructans, 
mix and glucose 
drinks each, whilst 
adherent to the 
LFD at all times

Symptoms were adequately controlled in 
the glucose drink arm (86%), but signifi-
cantly worsened during each of the other 
arms: % of patients experiencing adequate-
ly controlled symptoms was 30%, 23% and 
21% for the fructose, fructans and mixture 
drinks respectively.

All food was provided 
to the participants, 
cohort consisted only 
of patients who had a 
marked response to 
the LFD diet prior to 
recruitment.

Ong et al 
(2010)18

Australia IBS patients (n=15)
healthy subjects 
(n=15)

Randomised, 
single-blinded, 
controlled 
crossover trial

2 days HFD
2 days LFD
(7 day washout 
period)

In IBS patients all symptoms (Abdominal 
pain, bloating, flatus, nausea, heartburn and 
tiredness) were significantly worse when ad-
herent to the HFD. Healthy subject only had 
a significant increase in flatus with the HFD.

Short dietary window, 
all food was provided 
to the participants.

Staudacher 
et al 
(2011)10

UK IBS patients on 
standard IBS 
dietary advice 
(NICE-guidelines)
(n=39),
IBS patients on LFD 
(n=42)

Prospective, 
controlled

2–6 months Significantly more patients in the LFD 
group reported improvement in bloating, 
abdominal pain, nausea, energy levels 
and flatulence. Improvement in composite 
symptom score was greater in LFD than in 
the standard group (86% vs. 49%). More 
patients in the LFD group were satisfied 
with their symptom response (76% vs. 54% 
in the group standard group).

Standard dietary advice 
and LFD overlapped, 
adherence was not 
objectively measured, 
no control group.

De Roest et 
al (2013)9

New 
Zealand

IBS patients (n=90) Prospective, 
uncontrolled

Mean 15.7 months Key symptoms improved with the LFD. Most 
patients (72.1%) reported satisfaction with 
their symptoms. Most patients (75.6%) also 
were found adherent to the diet, which 
was associated with greater symptom 
improvement.

Variable follow-up 
duration, adherence 
was not objectively 
measured.

Halmos et 
al (2014)11

Australia IBS patients (n=30),
Healthy subjects 
(n=8)

Randomised, 
single-blinded, 
controlled 
crossover trial

21 days LFD
21 days Australian 
diet
(21 day wash-out 
period)

Patients with IBS had lower overall 
symptoms scores while on LFD compared 
to the typical Australian diet and baseline. 
Symptoms were unaltered in the control 
group for both diets. A majority of IBS 
patients (70%) had an improvement in 
overall gastrointestinal symptoms that was 
considered clinically significant.

All food was provided 
to the participants.

Pedersen et 
al (2014)24

Denmark IBS patients on LFD 
(n=42), LGG (n=41) 
and normal Danish 
diet (n=40), all 
supplemented with 
a web-based moni-
toring programme.

Randomised, 
unblinded, con-
trolled trial

6 weeks Significant improvement in symptom 
score of patients on the LFD compared to 
patients on the normal Danish diet and to 
baseline. The average symptom score was 
reduced more in patients who used both 
IBS medication and were in the LFD group.

Study was unblind-
ed, intended control 
group (normal Danish 
diet) had significant 
improvement too (pos-
sible bias), adherence 
was not measured.

Bohn et al 
(2015)26 

Sweden IBS patients on 
standard IBS di-
etary advice (n=37), 
IBS patients on LFD 
(n=38)

Randomised, 
single-blinded 
trial

4 weeks Symptom score in both diets reduced 
significantly compared to baseline. No 
difference was observed in symptom score 
reduction between the two diets. The pro-
portion of patients having a clinically signif-
icant response was similar in both diets.

Standard IBS dietary 
advice and LFD over-
lapped, use of probiot-
ics, lactose-reduced diet 
and IBS medication was 
allowed in both groups.

Chumpi-
tazi et al 
(2015)25 

US IBS patients aged 
7–17 years (n=33)

Randomised, 
double-blind-
ed, crossover 
trial

2 days LFD
2 days typical 
American child-
hood diet
(5 day washout 
period

Patients had fewer daily abdominal pain 
episodes and a lower composite GI score 
in the LFD arm compared to the typical 
American childhood diet arm. However, 
composite GI score was not significantly 
different compared to baseline in any of 
the two diets, and pain severity decreased 
evenly in both diets.

Limited duration of 
intervention, all food 
was provided to the 
participants.

VIEWPOINT



79 NZMJ 23 September 2016, Vol 129 No 1442
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

equimolar quantities (eg kiwifruit), a more 
efficient co-transporter, GLUT2, is upregu-
lated, facilitating the absorption of glucose 
and fructose simultaneously. The total 
capacity of both GLUT5 and GLUT2 are 
variable, hence fructose malabsorption can 
be considered as a physiological feature in 
healthy people and IBS patients alike. 

The three other restricted carbohydrates 
are fructans, galacto-oligosaccharides and 
polyols.16 Fructans, polymers of fructose 
molecules, are found in wheat, onions, garlic 
and other foods such as legumes. Galacto-oli-
gosaccharides are also found in onions and 
legumes, and in a number of vegetables. The 
human gut is unable to hydrolyse fructans 
and galacto-oligosaccharides, leading to 
non-absorption and subsequent delivery to 
the colon where they are readily fermented. 
Polyols are found in fruits such as apples, 
apricots and watermelon, and in avocado, 
mushrooms and cauliflower. In addition, a 
specific polyol, sorbitol, is frequently used as 
alternative sweetener. Absorption of these 
carbohydrates occurs mainly in the jejunum 
and is variable between individuals. When 
the amount of polyol in the diet exceeds 
the absorptive capacity, the non-absorbed 
carbohydrate will be osmotically active in 
the small intestine and fermented in the 
colon leading to symptoms in IBS patients 
with visceral hypersensitivity.

Implementation
In current clinical practice, the low 

FODMAP diet is taught by dietitians trained 
in the delivery of the low FODMAP diet in 
a 30-minute to one-hour session.16 Food 
diaries and sometimes breath testing are 
undertaken before the session to personalise 
the diet to the patient’s specific circum-
stances. After 4–6 weeks on a low FODMAP 
diet, a follow-up session is important. If 
symptoms are controlled, the dietitian 
and patient can both work towards rein-
troduction of restricted food items to 
a tolerated level. This ensures that the 
patient’s diet is as complete and unrestricted 
as possible, reducing the risk of long term 
nutritional deficiencies (eg calcium, dietary 
fibre, B vitamins). 

In studies of free-living individuals, low 
FODMAP diet adherence rates have been 
high (approximately 70%), and adherence 

has been strongly associated with efficacy.9 
While up to 60% of those adhering to the 
diet find it easy to follow, some patients 
report less positively on taste, cost, main-
taining the diet while eating away from 
home and the effort needed to incorporate 
the diet into their lives.9,10 

Efficacy 
Table 1 describes the key studies that 

have been published concerning the low 
FODMAP diet in the management of IBS 
symptoms. Whole diet intervention studies 
are difficult to design, perform and remain 
blinded. As such, it is difficult to compare 
the methodology of randomised placebo 
controlled drug trials with those of whole 
foods or diets where it is near impossible 
to blind participants to the intervention 
and placebo. This was noted in recent 
systematic reviews where the quality of 
studies in the FODMAP field was noted to be 
poor.21,22 A number of criticisms have been 
raised against the quality of many of the 
low FODMAP dietary intervention studies, 
including small number in the studies, the 
lack of a control group, the short duration 
of follow-up and that many studies have 
come from the same investigators. However, 
interventions of a whole diet are notoriously 
difficult to perform. The ideal study would 
blind participants and investigators to the 
diet, the participants would have the entire 
diet provided to them and the study would 
continue for years. Clearly the practicalities 
of adequately addressing any of these issues 
are very difficult to manage and have not 
been addressed in other whole-diet studies 
to our knowledge. 

However, across a range of retrospective 
and prospective intervention studies, there 
has been a consistent effect demonstrated, 
supporting the use of low FODMAP diet in 
those with IBS. Nearly all studies found that 
70–80% of IBS patients improved while on 
the low FODMAP diet, usually within 1–4 
weeks.23 Furthermore, the low FODMAP 
diet was favoured over usual IBS dietary 
interventions, local dietary habits and/or 
subject’s baseline diet.10,11,24,25 These findings 
are supported by the studies that underpin 
the mechanism of action of low FODMAP 
diet described earlier. Finally, data suggests 
a prolonged response to low FODMAP diet in 
those who remain adherent.9
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Potential limitations 
and health-related 

drawbacks
So are there potential problems with a 

low FODMAP diet? Oligosaccharides are 
also prebiotics, which are a useful energy 
source to saccharolytic and probiotic 
bacteria in the gut (eg Lactobacillus and 
Bifidobacterium). Some of these genera have 
demonstrated in animal studies health-pro-
moting effects on the host by influencing 
both the innate and adaptive immune 
system, the composition of the micro-
biota (preventing dominance of harmful 
species), and reducing the risk of developing 
colorectal cancer.27 Moreover, the products 
of FODMAP fermentation, short-chain fatty 
acids (SCFA) supress pathogens and increase 
the absorption of minerals by acidifying 
luminal pH, modulate energy homeostasis 
and support apoptosis. 

The low FODMAP diet eliminates the 
major source of dietary prebiotics, thus the 
source of energy for saccharolytic bacteria. 
This has a marked effect on the microbiota 
as was demonstrated in studies were the 
total abundance of major groups of bacteria 
decreased after a period of low FODMAP 
consumption.28,29 Most notably among these 
were Bifidobacteria and other butyrate-pro-
ducing species, which both have been 
widely described for their anticarcinogenic 
and anti-inflammatory effects. The relative 
decrease in the proportion of these bacteria 
may predispose to long-term adverse effects 
that have not been studied or demonstrated. 
Reassuringly, the few studies in this area 
have found that SCFA concentration and 
pH remain largely unchanged and had 
conflicting results on the change in Bifido-
bacterium after the institution of a low 
FODMAP diet. 

Finally, there are no data investigating 
the long-term impact of low FODMAP diet 
on the GI microbiota, or after the reintro-
duction of high FODMAP foods. Given that 
the intestinal microbiota reacts rapidly 
to dietary changes,30 adequate reintro-
duction of FODMAP foods could abolish 
any potential detrimental effects of the 
initial diet. Such re-introduction should 
be done in a slow stepwise manner, to 
determine whether there may be threshold 

effects whereby smaller quantities of 
FODMAP containing foods can be safely 
included without triggering symptoms. In 
conclusion, the short-term use of the low 
FODMAP diet is widely considered as a safe 
treatment, provided that patients alleviate 
their level of restriction after satisfactory 
symptom control and do not commence the 
diet when asymptomatic. 

Future developments
Individualising dietary advice

Approximately a quarter of patients 
trialling the low FODMAP diet do not expe-
rience an improvement in symptoms. This 
could be partly due to poor adherence, 
but may reflect IBS pathogenic mecha-
nisms independent of FODMAP triggers. A 
method of predicting the outcome of dietary 
intervention could prevent unnecessary 
treatment, reducing costs and potential risks. 

With this in mind, Chumpatzi et al have 
attempted to discover if microbiome patterns 
can predict outcome and compared metag-
enome in responders and non-responders.25 
Responders had higher concentrations of 
bacteria with high saccharolytic metabolic 
capacity (thus were more able to ferment 
carbohydrates) and also had more markers 
of FODMAP-specific carbohydrate metab-
olism, than non-responders. Interestingly, 
microbial diversity was not significantly 
different between the two groups.

While the field of nutritional genomics 
has led to the prediction of individual post-
prandial blood sugar response, enabling 
important individual lifestyle adjustments 
that reduce the risk of developing type 
II diabetes mellitus,31 there has been less 
progress in the field of IBS. Once again, this 
may be a fertile area for developing person-
alised medicine solutions for people with 
functional gastrointestinal disorders.

Streamlining dietary information 
delivery

At this point in time, the most evidence 
for the efficacy and safety of low FODMAP 
diet for the management of IBS symptoms 
is when it is delivered by a dietitian with 
expertise and training in its implementation 
in a one-to-one interview. However, this 
approach is also costly. Different methods 
of dietary advice delivery may benefit 
the availability and economic impact of 
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the low FODMAP diet. A recent study by 
Whigham et al found considerable cost 
savings and a similar clinical efficacy in a 
programme that facilitated group treatment 
for eligible patients, for example.32 Tradi-
tional one-to-one sessions were still needed 
for patients with atypical symptoms and 
other nutritional and medical concerns in 
this study. Another alternative could be an 
online-based treatment platform, potentially 
in collaboration with GPs, since a number of 
studies have reported that patients generally 
find any written information about the diet 
they receive easy to understand.9,10 Similar 
to group treatment, this approach may be 
suitable for providing low FODMAP advice 
to patients with typical symptoms of IBS and 
without any nutritional or medical concerns. 

However, research on the nutritional 
safety and efficacy of these ways of dietary 
advice is needed before such measures 
are implemented. Besides, one-to-one 
dietary consultation has clear benefits that 
are not found in the methods described 
earlier. Firstly, specialist dietitians are 
able to ensure they are delivering correct 
information based on the current status 
of testing for FODMAPs in foods. Over the 
years, FODMAP content measuring has 
been intensified and refined and has forced 
adjustments in the diet. Some foods that 
were initially tested as high in FODMAPs 
have subsequently been re- evaluated and 
allowed back into the diet, others on the 
other hand have been re-listed as FODMAP 
rich foods. This has led to a variety of infor-
mation available both in print and online 
that can appear to be conflicting as regards 
to certain foods and their safe threshold. 
Furthermore, some sources of information 
have misinterpreted the FODMAP tables and 
incorrectly limited certain foods when they 
have never been classified as high FODMAP 
(eg coconut milk and coconut cream). 

The one-to-one approach also has the 
benefit of personalising the diet to the 
individual patient, increasing the chance of 

adherence and efficacy while reducing the 
chance of adverse effects due to prolonged 
low FODMAP diet without the re-intro-
duction of FODMAP containing foods or 
poor nutritional quality. A dietitian can also 
take into consideration the bowel function 
and in the case of constipation, monitor this 
carefully when on a low FODMAP diet. It is 
possible constipation can worsen in some 
cases due to the lowering of fibre and loss 
of stimulant effect of osmotically active 
FODMAPs. Further modifications can be 
made to the diet with inclusion of suitable 
fibre or alternative supplements to benefit 
the bowel frequency without increasing the 
burden of bloating or flatulence. 

Conclusion
Up to three-quarters of IBS patients 

experience symptom improvement on the 
low FODMAP diet. Although it comprises 
considerable changes, the diet appears safe 
as long as reintroduction of higher FODMAP 
foods (to a tolerated) level is part of the diet 
plan. The current method of dietitian-guided 
intervention in combination with written 
resources delivers high adherence among 
patients. However, exploring the possi-
bilities of group, online or GP-based 
treatment in patients in formalised studies 
is warranted. Research should also concen-
trate on the effects of low FODMAP diet 
on quality of life, changes in tolerance 
and sensitivity towards certain foods after 
dietary intervention, and long-term nutri-
tional and microbiotal health. Finally, the 
development of predictorary tools that 
enable dietitians to tailor the low FODMAP 
diet based on individuals’ microbiota or 
genetics could increase efficacy and reduce 
unnecessary treatment. However, despite 
an interesting and promising outlook for 
the low FODMAP diet in IBS patients, it is 
important to realise that the solution for IBS 
might be beyond FODMAPs alone and that 
future treatments may be more potent in 
reducing symptoms. 
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Gingival lipoma
Makoto Adachi, Shinichiro Sumitomo

A 67-year old woman was referred to 
the Oral and Maxillofacial Surgery Clinic 
with painless swelling at the gingiva of 
the lower-left canine. The patient did not 
notice the lesion, but it was pointed out by 
her dentist. Intra-oral findings showed soft 
yellowish masses with a smooth surface 
without erosions at this site (Figure 1A). The 
lesion was removed under local anesthesia 

(Figure 1B). Histopathological examination 
confirmed the diagnosis of a lipoma. There 
was no complication during this operation 
or after surgery.

Gingival lesions are commonly observed 
in dental clinics; apical periodontitis, 
periodontal abscesses, epulides, cysts and 
tumors should be included in a differential 
diagnosis.

Figure 1: 
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Rare coexistence of 
dermatomyositis and 

smooth muscle antibodies, 
with abnormal liver 

function tests
Vicki Quincey, Kamal Solanki, Duncan Lamont, Marius Rademaker

Smooth muscle antibodies have rarely 
been reported in dermatomyositis. Its coex-
istence is not well known nor whether there 
is an association of autoimmune hepa-
titis with dermatomyositis. Also, the rash 
in dermatomyositis can be refractory to 
standard treatment of dermatomyositis.

We report such a case of new onset 
florid dermatomyositis with skin features 
and myositis along with abnormal liver 
function tests and presence of anti-smooth 
muscle antibody.

A 19 year-old woman presented with a 
month history of constitutional symptoms 
including fatigue, pruritus and a macular 
eruption over the lateral aspect of her left 
arm. The rash progressed to involve nasal 
and periorbital regions with swollen eyelids 
(Figure 1a) as well as characteristic Gottron 
papules over her knuckles and erythem-
atous plaques on the arms, knees and legs 
(Figure 1b). She had progressive aching in 
the muscles, which she described as if she 
had ‘run a marathon’, and had difficulty 
going up and down the stairs, dressing and 
combing her hair. There was no concurrent 
fever, chills, jaundice, joint, bladder or 
bowel symptoms nor any respiratory 
symptoms. She did not have hair loss or 
sicca symptoms.

On clinical examination apart from the 
characteristic rash, she had tenderness 
of her forearms which were swollen 
and taut. She had difficulty in squatting 
and abducting her arms overhead with 
moderate muscle weakness. There was no 
hepatosplenomegaly.

Her full blood count, renal function, 
glucose, thyroid function, rheumatoid 

factor, immunoglobulin levels, ANCA, LKM 
antibodies, anti-mitochondrial antibodies 
(AMA), thyroid antibodies, ESR and CRP 
were all normal. Her hepatitis A, B, C, CMV 
and EBV viral serology were negative. Her 
echocardiogram, chest x-ray and pulmonary 
function tests were normal. 

She had positive antinuclear antibodies 
(homogenous and cytoplasmic staining at 
1/640) and positive smooth muscle anti-
bodies (at 1/640 titre). The extractable 
nuclear antibodies and dsDNA antibodies 
were negative, C3 and C4 complement 
levels were normal, myositis panel (which 
tests for Mi2, Ku, PM-Scl 75 & 100, Jo1, SRP, 
PL7 & 12, EJ, OJ and Ro52) were negative. 
Her alanine transaminase (ALT) was 237U/L 
(n=<20) and aspartate transaminase (AST) 
was 247U/L (n=<40) and creatinine kinase 
(CK) was 1479 U/L (n=30–180). The serum 
albumin, serum globulin, immunoglobulins 
and protein electrophoresis were normal. 
Nerve conduction studies showed marked 
myopathic motor units consistent with 
myopathy and the deltoid muscle biopsy 
confirmed inflammatory myositis (Figure 
1c and d). Liver biopsy was not felt to be 
indicated by gastroenterology at this time. A 
diagnosis of dermatomyositis was made. 

She was commenced on methotrexate 
15mg weekly and prednisone (1mg/kg/day) 
and bone protection. Her transaminases 
and creatinine kinase normalized. Muscle 
weakness resolved to baseline slowly. Her 
skin failed to improve until hydroxychloro-
quine 400mg daily was added. 

Dermatomyositis is an uncommon 
heterogenous autoimmune inflammatory 
disease characteristically affecting the skin. 
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Specifi c pathognomonic patterns of rash 
occur (heliotrope discoloration around eyes, 
Gottron papules, V-sign, Holster sign, Shawl 
sign, etc.) as well as infl ammation of skeletal 
muscles. Current data strongly suggest a 
pivotal role of both the innate and adaptive 
immune systems in its pathogenesis.1

Anti-smooth muscle antibodies (ASMA) 
have only rarely been reported in derma-
tomyositis.2–6 It is not clear if there is 
coexistence between dermatomyositis and 
autoimmune hepatitis. Though her liver 
function tests (LFTs) have normalised with 
the treatment, the possibility of autoimmune 
hepatitis cannot be ruled out. Her positive 
anti-smooth muscles antibodies have 

persisted which heightens the suspicions of 
its co-existence. Our patient is being closely 
followed up for any relapse of abnormal 
LFTs in which case liver biopsy for diag-
nostic confi rmation and histological grading 
will be contemplated and justifi ed. 

Autoimmune conditions can cluster with 
autoimmune thyroid disease reported as 
the most common coexistent autoimmune 
disease.7 Primary biliary cirrhosis6,8,9 has 
been reported rarely with autoimmune 
infl ammatory myositis. However, our 
patient had normal immunoglobulins and 
the anti-mitochondrial antibody (AMA) was 
not detected.

1a: Characteristic ‘Heliotrope’ rash of dermatomyositis, with scaly plaques on forehead, nose and ears.
1b: Characteristic “Gottron papules” on back of hands with ragged cuticles.
1c: Muscle biopsy (H&E stain at 200X magnification): arrows points to infiltrate of lymphocytes.
1d: Muscle biopsy (200X magnification) with arrows pointing to CD3 staining T Lymphocytes.
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Exercise-induced 
rhabdomyolysis

Joseph Hutton, Daniel Wellington, Steven Miller

ABSTRACT
We report the case of a 34 year-old man who developed exercise-induced rhabdomyolysis aft er 
unaccustomed high-intensity exercise. Subclinical rhabdomyolysis is common aft er heavy exercise, yet 
it is uncommon for patients to seek medical advice. The presentation is variable and despite potentially 
life-threatening complications the diagnosis may be easily missed by patients and healthcare professionals. 
A high-index of suspicion is critical to avoid missing the diagnosis. We summarise the current knowledge, 
clinical course, complications and management of exercise-induced rhabdomyolysis.

Case Report
A 34 year-old man with unremarkable 

past medical and family histories was 
referred by his GP with a one-day history 
of pain and weakness affecting the lower 
back and thighs, and “tea-coloured” urine. 
Earlier that day, he had performed a 
strenuous weight training session to which 
he was unaccustomed. He denied use of 
steroids, supplements, or statins.

Examination was unremarkable aside 
from marked palpation tenderness in 
the quadriceps and lumbar para-spinal 
muscles, with 4+/5 weakness of hip fl exion 
and knee extension bilaterally (limited 
by pain). There was no evidence of 
compartment syndrome.

The full blood count, coagulation screen, 
routine biochemistry and thyroid function 
were normal except for elevated creatine 
kinase (CK) of >14,000 U/L (60–220 U/L) and 
mildly elevated serum lactate of 1.6mmol/L 
(0.3–1.3mmol/L). His urine was tea coloured 
(Figure 1) and was strongly positive for 
blood on dipstick testing. However, urinary 
creatinine and protein was normal and the 
urine was acellular upon microscopy. These 
changes are suggestive of myoglobinuria 
due to the cross-reactivity of urine dipstick 
testing with myoglobin/haemoglobin.

The fi ndings were consistent with exer-
cise-induced rhabdomyolysis. Aggressive 
intravenous fl uids were given and he was 
monitored daily for electrolyte distur-
bances and other sequelae. Electrolytes 

remained normal aside from transient 
asymptomatic hypocalcaemia 2.05 mmol/L 
(2.10–2.55mmol/L). CK remained >14,000 
U/L for fi ve days before falling. Symptoms 
improved over the same time-frame and he 
was discharged with GP follow-up.

Figure 1: Tea-coloured urine specimen from 
patient with exercise-induced rhabdomyolysis.
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Discussion
Rhabdomyolysis may be triggered by 

numerous insults (Table 1). Complica-
tions are less frequent in exercise-induced 
rhabdomyolysis than in other forms of 
rhabdomyolysis. Resolution is expected 
within one–two weeks. Severe exercise-in-
duced rhabdomyolysis can cause acute 
kidney injury, electrolyte disturbances, 
disseminated intravascular coagulopathy, 
compartment syndrome and death.2,4

Excessive muscle activity induces 
rhabdomyolysis when myocyte energy 
demand exceeds production. Intracel-
lular glycogen stores are exhausted and 
myocellular membranes become disrupted. 
The resulting release of intracellular 
skeletal muscle constituents into the circu-
lation is responsible for complications 
observed.13 Exercise-induced rhabdomy-
olysis is most commonly seen following 
strenuous physical activity but can some-
times occur after low-intensity exercise, 
especially in dehydrated individuals.4 Risk 
factors include: male sex, being physically 
untrained, coexistent heat stroke, impaired 
sweating, sickle-cell trait, hypokalaemia and 
inherited muscle enzyme defects.1,3–4

Clinically, exercise-induced rhabdomy-
olysis is characterised by:1

• muscle tenderness, stiffness, cramping
• weakness in affected muscle groups
• “tea-coloured” urine 
• other urinary symptoms: oliguria, 

anuria

• non-specific symptoms: malaise, fever, 
nausea, vomiting.

Baseline investigations include: urine 
dipstick, serum CK, electrolytes (including 
calcium), full blood count, coagulation 
screen, lactate, blood gas, TFTs and ECG.1 
The urine dipstick may be false-positive for 
blood due to cross-reactivity of myoglobin 
and haemoglobin (as in this case).1–2 In 
recurrent cases, or if there is a family 
history of exercise-induced rhabdomyolysis, 
investigation for a predisposing genetic 
cause is suggested.6 The conditions that 
predispose or cause rhabdomyolysis are 
varied and include disorders of lipid and 
carbohydrate metabolism, mitochondrial 
disease and myopathies.1,3 Investigations 
should be targeted to the specific condi-
tions of concern and may include skin and/
or muscle biopsy, tissue histochemistry, 
muscle-exercise testing, biochemical tests 
and formal genetic testing.

The initial treatment of rhabdomyolysis 
is aggressive intravenous fluid resusci-
tation.1–2,4 Normal saline is most commonly 
used. Care should be taken with fluid 
resuscitation, particularly in the context 
of prolonged anuria where patients are at 
greater risk of iatrogenic overload. Elec-
trolyte disturbances should be corrected 
promptly, aside from hypocalcaemia which 
should only be treated if symptomatic 
or if concurrent severe hyperkalaemia 
is present due to risk of arrhythmia.2 
Sodium bicarbonate or mannitol may be 
considered under specialist guidance only.2 
Renal-replacement therapy may be used 

Table 1: The major categories of rhabdomyolysis and common causes for each category.

Type of Rhabdomyolysis Common causes

Trauma Crush syndrome, major trauma

Exertional Strenuous or unaccustomed exercise, seizures (epilepsy, alcohol withdrawal)

Muscle hypoxia Acute limb ischaemia/major artery occlusion, prolonged compression of limb during 
immobilisation or unconsciousness

Genetic Disorders of glycolysis or glycogenolysis, disorders of lipid metabolism

Infection-related Influenza A and B, Cocksackievirus, EBV, HIV, staph aureus pyomyositis, clostridium

Temperature-related Heat stroke, malignant hyperthermia, malignant neuroleptic syndrome, hypothermia

Metabolic and electro-
lyte disorders

Hypokalaemia, hypophosphataemia, hypocalcaemia, DKA, hyperosmolar hyperketotic 
state

Drugs/toxins Fibrate, statins, alcohol, heroin, cocaine

Idiopathic Unknown
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for refractory complications, although this 
does not facilitate myoglobin elimination.2 
Plasmapheresis or haemofiltration with 
super-high-flux dialysers may have a role in 
severe cases.7,8

Conclusion
Exercise-induced rhabdomyolysis is 

an under-recognised phenomenon with 

potentially serious complications. The 
presentation, complications, investiga-
tions and management of exercise-induced 
rhabdomyolysis are summarised (Table 2). 
The most critical facet of making a diag-
nosis remains retaining a high-index of 
suspicion due to the uncommon nature 
of the presentation and its significant 
potential complications.

Table 2: Exercise-induced rhabdomyolysis: key points.

Summary of Exercise-induced Rhabdomyolysis

Clinical features • Muscle stiffness, tenderness, cramping
• Weakness in affected muscles
• Dark "tea-coloured" urine
• Non-specific: malaise, fever, nausea, vomiting, fever

Risk factors Male sex, unaccustomed exercise, heat stroke/hot weather, impaired sweating, hypoka-
laemia, inherited muscle enzyme defects, sickle cell trait

Investigations • Urine dipstick and microscopy
• Bloods: FBC, UEs, creatine kinase, lactate, calcium, phosphate, TFTs, clotting
• Blood gas
• ECG
• May require specialist genetic testing if concerns about underlying cause

Management • Early IV fluids (0.9% saline), large volumes may be required
• Monitor:

- Fluid input/output: may require catheter
- Close electrolytes monitoring
- Signs of compartment syndrome/coagulopathy

• Correct hypocalcaemia only if symptomatic or concurrent severe hyperkalaemia
• Treat other electrolyte disturbances especially hyperkalaemia
• Consider:

- Early involvement of intensive care/renal-services
- Consider use of Mannitol or Sodium Bicarbonate under specialist guideance
- Renal replacement therapy if resistant hyperkalaemia or other sequaelae of 

renal failure

Complications • Acute kidney injury
• Electrolyte disturbance: hyperkalaemia, hypocalcaemia, hyper/hypophosphataemia
• Disseminated intravascular coagulopathy
• Compartment syndrome
• Death

Prognosis Generally very good
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Homeopathy—when self-
regulation fails

Lance Gravatt

In July 2016 the Advertising Standards 
Authority (ASA) upheld a complaint against 
the Christchurch Homeopathy Centre for 
unsubstantiated therapeutic claims.1 HCC 
declined to even participate in the self-reg-
ulatory process issuing a one line response 
“No thank you, I don’t wish to respond”. The 
ASA noted that this was the 22nd complaint 
upheld against homeopathic therapeutic 
claims since 2011.

The New Zealand Homeopathic Society 
advertises on their website the books 
“Vaccine Free Prevention & Treatment with 
Homeopathy”, “Vaccination and Homeo-
prophylaxis” and “Raising a Vaccine Free 
Child”. The New Zealand Council of Homeo-
paths has an entire section of their website 
devoted to “Homeopaths Answer to the 
Avian Flu”.

The website for homeopath Dr Wendy 
Rose Isbell in Christchurch claims “Well-
chosen homeopathic remedies prescribed by 
trained practitioners can successfully treat 
infectious diseases even when there are no 
other alternatives”.

The website for Flavell Homeopathy 
claims that conventional vaccinations are 
administered by “injecting toxins directly 
into the bloodstream” whereas homeopathic 
vaccination uses “potentised nosodes”.

The Canadian Paediatric Society review in 
2015 states: 

“There is scant evidence in the medical 
literature for either the efficacy or safety of 
nosodes, which have not been well studied 
for the prevention of any infectious disease in 
humans”.2

In October 2015 the Federal Court of 
Australia issued a judgment in the case of 
the Australian Competition and Consumer 
Commission (ACCC) vs Homeopathy Plus! 
Australia PTY Limited regarding an article 
entitled “Whooping Cough—Homeopathic 
Prevention and Treatment.” The Federal 
Court found that:3

“There is no reasonable basis, in the sense of 
an adequate foundation, in medical science…
to state that Homeopathic Treatments are safe 
and effective as an alternative to the Vaccine 
for the prevention of whooping cough”.

The Court imposed a fine of AUD 138,000.
At a time when global pandemics of infec-

tious diseases such as Zika virus and Ebola 
virus seem more frequent and virulent, it 
is time for New Zealand to re-examine the 
effectiveness of its self-regulatory approach 
to therapeutic claims such as those made 
for homeoprophylaxis. Well before the 22nd 
upheld complaint by the ASA there must 
be the provision to impose significant fines 
that ‘hurt’. The situation has gone beyond 
freedom of choice to one of societal harm 
through misleading, deceptive and unsub-
stantiated claims.

1. ASA Complaint 16/107

2. Rieder M J et al., 
‘Nosodes’ are no 

substitute for vaccines. 
Paediatr Child Health. 
2015: 20(4): 219–222.

3. Federal Court of Austra-
lia, NSD 256 of 2013.
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Olanzapine for the prevention of 
chemotherapy-induced nausea and vomiting
Chemotherapy-induced nausea and vomiting are associated with a significant deterioration 

in quality of life and are perceived by patients as major adverse effects of cancer treatment.
Current international guidelines recommend a combination of a neurokinin receptor 

blocker, a serotonin receptor blocker and dexamethasone to alleviate these adverse reac-
tions. However, even with the use of these three agents, nausea remains a problem for many 
patients.

Olanzapine, an antipsychotic agent, is known to be a multi-transmitter blocker. In this 
report its use as an antiemetic is tested. Three-hundred and eighty patients receiving highly 
emetogenic therapy were randomised to be treated with the three standard therapies plus 
olanzapine or a placebo.

The conclusions reached were that olanzapine, as compared with placebo, significantly 
improved nausea prevention, as well as the complete-response rate, among previously 
untreated patients who were receiving highly emetogenic chemotherapy.
N Engl J Med 2016;375:134–42

The cardiovascular safety of methylphenidate
Methylphenidate is often used in the management of children and young people with 

attention-deficit/hyperactivity disorder (ADHD). Such stimulants are known to be capable of 
causing tachycardia and slight elevation of blood pressure.

This analysis of case series data from South Korea reviews this issue. The data showed 
an increased risk of arrhythmia in those treated with methylphenidate which was highest 
in those with congenital heart disease. The researchers concluded that the use of methyl-
phenidate in children and young people with ADHD is associated with an increased risk 
of arrhythmia and myocardial infarction. While there was an increased relative risk, the 
absolute risk is likely to be low.

A reviewer notes the results and points out the need to consider the severity of ADHD 
symptoms and the option of non-stimulants for children with high cardiovascular risk.
BMJ 2016;353:i2550 and BMJ 2016;353:i2874

Associations of urinary sodium excretion 
with cardiovascular events in individuals 

with and without hypertension
In this study the researchers aimed to explore whether the association between sodium 

intake and cardiovascular disease events and all-cause mortality is modified by hyper-
tension status. Data from four large prospective studies conducted in 49 countries was 
reviewed. A pooled analysis of sodium excretion in 133,118 people (63,559 with hyper-
tension and 69,559 without hypertension) with a median age of 55 years was performed.

Compared with moderate sodium intake, high sodium is associated with an increased 
risk of cardiovascular events and death in hypertensive populations (no association in 
normotensive population), while the association of low sodium intake with increased risk of 
cardiovascular events and death is observed in those with or without hypertension. These 
data suggest that lowering sodium intake is best targeted at populations with hypertension 
who consume high sodium diets.
Lancet 2016;388:465–75
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On July 1st, Dr. Brown died suddenly in 
an attack of angina pectoris. No doctor in 
the South Island was more widely known, 
during the years of his active work, and 
none gained more widely the respect and 
affection of colleagues and patients. His 
connection with Dunedin began in 1875, 
when he commenced practice there and 
quickly became a prominent figure among 
his professional brethren, and for many 
years enjoyed a large practice among all 
classes of the community. This mile of his 
life was marked by continual charities 
and help to his poorer patients. They were 
always his favourites, and when he gave up 
practice in Dunedin it was his chief regret 
that he was leaving so many of the poor 
"old bodies" whom he had attended for so 
many years. 

Professionally he quickly made his 
mark. His appointment to the staff of the 
Dunedin Hospital gave him the opportunity 
of surgical practice, which he desired, and 
later on, when the Medical School was 
established, he was appointed Lecturer on 
Surgery, this being the first appointment of 
a teacher in the practical side of medical 
education. In 1882 he made a visit to the Old 
Country, to examine methods of teaching 
and practice and returned in 1883, full of 
energy and enthusiasm in his work. For 
the next ten years he was a very prominent 
figure in the growing Medical School. His 
steady common sense was of great value 
in the somewhat adventurous experiment 
of launching a Medical School in so small 
a community as Otago, and the various 
changes which had to be made in local 
hospital government and construction were 
made easier by his tact and knowledge. 

As a teacher he was clear and accurate 
and quickly gained the confidence of his 
pupils, and it was a matter of great regret 
to his colleagues when he decided to give 
up that branch of his work. Then followed 
two or three years’ travel in Europe and 

America. He returned—about the middle 
nineties—to practise in Dunedin but did not 
begin University work again. 

He was keenly interested in all educa-
tional questions, and served on the High 
School and Education Boards, besides doing 
much other public work. When he retired 
from practice about 1904 he went Home 
again to Scotland, but returned to New 
Zealand about 1912, settling first in Marton 
and later in Dunedin. He had always 
been a man of good physique and health, 
but it was observed by his friends on his 
return to Dunedin in 1914 that there were 
signs of heart failure. He did not resume 
practice, but took up work on the Patriotic 
Committee, and by a very general wish of 
many of the citizens he became a member 
of the Hospital and Charitable Aid Board, 
doing most valuable work for these bodies 
up to the day of his death. 

A full and busy life ended suddenly, 
probably as he would have wished. He 
knew well that the end could not be far off 
and that it would probably come suddenly, 
but his courage never failed, nor did any 
complaint pass his lips. In trying to estimate 
his character and influence, the chief thing 
which struck those who knew him well was 
the universal feeling of friendliness which 
he inspired. 

In whatever work he was engaged, 
private or professional, those who were 
his colleagues became his friends. He had 
a "genius for friendship"; all sorts and 
conditions of men and women who came 
in contact with him experienced the same 
feeling. It is difficult to define what is at 
the bottom of such an influence: charity, 
goodness, cleverness, public spirit, are not 
sufficient; all these may be present and 
leave us cold, but in Dr. Brown there was 
an immense gift of sympathy, invaluable 
to a doctor above all men, which probably 
was the secret of this universal feeling of 
personal friendliness to him. Among his 

Obituary—William Brown, 
M.D., M.A., of Dunedin

October 1916
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intimate friends he was always a delightful 
companion. He had travelled much and 
read much. His interests were catholic in 
the extreme—politics, literature, sociology, 
interested him to the last, and in the widest 
sense of the word he was a religious man, in 
the smallest and the greatest things placing 
duty first. 

The following notice taken from the 
Dunedin "Evening Star" gives some further 
details of his life and of the esteem in which 
he was held by his fellow-citizens:—"He 
was born in 1845, in Banffshire, Scotland, 
the son of a farmer. He received his prelim-
inary education at the gymnasium of Old 
Aberdeen, then graduated at the univer-
sities, taking the arts course at Aberdeen, 
where he distinguished himself in classics 
and mathematics, and gained the M.A. 
degree in 1867 and qualifying in the medical 
course at the Edinburgh University, which 
in 1870 bestowed on him the degrees of M.B. 
and C.M. 

He went out to China as a medical 
missionary of the Baptist Church, and was 
for three years located at Che-Foo, where 
he conducted a hospital for the natives. He 
came to Dunedin in 1875. The ship by which 
he travelled from China was wrecked on the 
Queensland coast. Shortly after arrival here 
he started the practice of his profession, 
his surgery being in Princes Street, in the 
same building as that in which Mr. Downie 
Stewart the elder had his law chambers. 
Before long he removed to High Street. He 
joined the honorary medical staff of the 
Dunedin hospital, and was for some years 
lecturer on surgery at the Otago Medical 
School. He took a keen interest in education 
questions, and bestowed much time on 
his duties as chairman of the High Schools 
Board of Governors, whilst he also held 
a seat on the Otago Education Board, and 
became chairman of that body.

 Outdoor sports also claimed his attention. 
He was a golfer, and at one time held the 
office of captain of the Otago Golf Club; he 

also became president of the New Zealand 
Amateur Athletic Association. After some 
years’ residence in Dunedin the doctor 
paid a visit to the Old Country. Before his 
departure his many friends entertained him 
at a banquet. 

On his return to Dunedin he resumed the 
practice of his profession, and eventually 
sold out to Dr. Church and went to Tauranga, 
that place being chosen on account of his 
wife’s health. He stayed at Tauranga for a 
couple of years. Having some leisure, for he 
did not practise there, the doctor interested 
himself in education matters, and sat on 
the local school committee. Then he went 
Home once more, and stayed for some years. 
Whilst in Scotland he was closely asso-
ciated with his brother-in-law, Mr. Thomas 
Johnston, managing director of Nobel’s 
Explosives Company in Glasgow.

 After returning to New Zealand, Dr. 
Brown went to live near Marton, but the 
climate did not suit Mrs. Brown, and they 
came back to Dunedin three or four years 
ago. The doctor then acquired an interest in 
the Ashburn Hall Asylum, and he occupied 
himself also in his duties on the Hospital and 
Charitable Aid Board and as a member of 
the Otago Patriotic Association. In 1871 he 
married a daughter of Mr. John Johnston, 
of Edinburgh, and they had one child, a 
daughter, who died whilst young. Mrs. 
Brown survives her husband.

 The internment took place this morning, 
privately, but there were quite a number 
of close personal friends at the service in 
St. Matthew’s Church. The deceased was a 
loveable man, very outspoken and sincere, 
but always most kind and considerate. His 
old clients invariably made him a personal 
friend. The feeling of respect entertained 
towards him by the community as a whole 
was shown on the occasion of his removal 
to Tauranga. There was a big meeting at His 
Majesty’s Theatre, and all sorts of honours 
were showered upon him.”
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Adult born neurons: 
do cells “retire” and 
does developmental 

age matter? 
SM Ohline,1,3 RU Hegemann,1,3 

KL Wake,1,3 MF Dinnunhan,1,3 AD 
Wilson,1,3 L Schoderböck,1,2,3 SM 

Hughes,2,3 WC Abraham.1,3

1Department of Psychology, 
2Department of Biochemistry and 

3Brain Health Research Centre, 
University of Otago, Dunedin.

Neurogenesis occurs 
throughout adulthood in 
mammals. However, there is 
controversy about whether or 
not old neurons ‘retire’ and 
newly born neurons take their 
place in neural circuitry.

In order to address this contro-
versy, we ‘birth-dated’ newly 
born neurons in the dentate 
gyrus of Sprague Dawley rats 
using two thymidine analogues, 
(chloro-deoxyuridine (CldU) and 
iodo-deoxyuridine (IdU)), given 
at 35, 12, six or four weeks prior 
to study at 10 months of age. 
We then used immunofluores-
cence to identify active neurons 
as indicated by co-localisation 
of the thymidine analogue with 
the protein expressed by the 
immediate early gene Zif268 (a 
marker of neuronal activity) 
and a neuronal marker, either 
calbindin or NeuN.

We found that the neurons 
born 35 weeks prior to study 
expressed Zif268 in the 
same proportion as those 
born only four weeks prior 
to study. However, neurons 
born at 12 weeks (% Zif268+/
XdU+=1.1±0.20%) and six weeks 
(% Zif268+/XdU+=1.6±0.40%) 
before study expressed Zif268 in 
a significantly lower proportion 
to those born at four weeks (% 
Zif268+/XdU+=3.6±0.50%), where 

P=0.002 (12 week vs four week) 
and P=0.01 (six week vs four 
week) in unpaired t-tests. We 
then asked the question: does the 
developmental age of the animal 
influence the relative activity of 
newly born cells? Using neurons 
birth-dated at 12 weeks (when 
the animal was two months 
old) and four weeks prior to 
study in animals aged only 
five months at perfusion, we 
found no difference in activity 
levels between the two groups 
(% Zif268+/XdU+=3.86±0.46% 
(12 week) and 4.48±1.0% (four 
week), P=0.48). Surprisingly, 
this level of activity was also not 
significantly different from the 
activity in the 35 week old cells 
or four week old cells in the 10 
month old animals.

These results indicate 
that neurons born when a 
rat is young (two months of 
age) continue to be highly 
active in neuronal circuitry. 
If ‘retirement’ does occur, it 
appears to be specific to neurons 
born during middle-age.

Supported by the Marsden 
Fund Council, administered by 
the Royal Society of New Zealand.

Bacteria modulate 
goblet cell 

development in the 
colon; a mechanism 

compromised in 
Crohn’s disease. 

E Rodrigues,1, 2 M Schultz,2 AG Butt.1 
1Department of Physiology, 

Otago School of Medical Sciences 
and 2Department of Medicine, 
Dunedin School of Medicine, 
University of Otago, Dunedin.

The intestinal epithelium 
and associated mucus form 
a physical barrier between 
the luminal bacteria and the 

intestinal immune system. The 
development of this barrier is 
dependent upon interaction 
between the epithelial cells and 
the luminal microbiota, and 
disruption of the barrier is a 
feature of Crohn’s disease (CD). 
The objective of this study was to 
use human colonoids, an adult 
stem-cell derived representation 
of the gut crypt, to determine 
how the intestinal bacteria 
modulate the development 
of the epithelial barrier and 
whether this is disrupted in CD.

Colonoids were grown from 
colonic crypts from control and 
CD patients for 10 d ± lipopoly-
saccharide (LPS) a bacterial 
cell-wall component. Organoid 
structure was assessed by light 
microscopy and gene expression 
by qPCR, Western Blotting (WB) 
and immunohistochemistry. 
Data are expressed as mean ± 
SEM of experiments performed 
from five different patient 
samples (n=5, unless stated 
otherwise). Statistical signifi-
cance was determined using the 
paired t-test.

Colonoids exposed to LPS 
increased protein expression 
of MUC2 (P<0.05), a goblet cell 
marker and the number of 
goblet cells in colonoids from 
2.7±1.2% to 20%± 3% (P<0.05). 
This involved LPS receptor-me-
diated (TLR4) modulation of 
pathways responsible for deter-
mining intestinal epithelial cell 
fate. Elevated IL8 transcript 
expression following TLR4 stim-
ulation confirmed active LPS 
receptor (TLR4) and blocking the 
TLR4- receptor (CLI-095, 1 µg/ml) 
abrogated the LPS-driven MUC2 
increase, indicating a TLR4-de-
pendent pathway. Interestingly, 
IBD derived colonoids treated 
with LPS exhibited no increase 
in goblet cells (n=3). Additionally, 
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WB analysis showed less MUC2 
protein (P<0.05).

The inability of the LPS to 
induce goblet cell development 
in CD is likely to contribute to 
the disruption of the intestinal 
barrier in CD, which contributes 
to the pathogenesis of CD by 
increasing the exposure of 
the immune system to the 
commensal bacteria.

Supported by grants from 
AbbVie (NZ) Ltd.

Altered metabotropic 
glutamate receptor 

activity in early 
spinocerebellar 

ataxia type 1. 
E Power, A Morales, R Empson. 

Department of Physiology, Otago 
School of Medical Sciences, 

University of Otago, Dunedin.

Spinocerebellar ataxia 
type 1 (SCA1) is a progressive 
and incurable degenerative 
movement disorder associated 
with loss of cerebellar function. 
A primary symptom of SCA1 is 
the progressive loss of Purkinje 
neurons (PNs), cells which 
provide the sole output from 
the cerebellar cortex. These 
neurons express a particularly 
high level of Type 1 metabo-
tropic glutamate receptors 
(mGluR1). In this study we 
explored the potential for 
mGluR1 as a therapeutic target 
for the treatment of ataxia 
using a mouse model of human 
SCA1. This mouse model of SCA1 
expresses an 82Q CAG repeat 
in the ataxin-1 gene which is 
expressed specifically in PNs.

SCA1 mice at early (six weeks) 
and mid-stage (12 weeks) of 
disease progression exhibited 
moderate motor impairment 
on an accelerating rotating rod 
task and altered gait (rotarod six 
weeks P<0.05, 12 weeks P<0.005, 
two-way ANOVA, Gait analysis 
12 weeks P<0.008, one-way 
ANOVA). PNs from these mice 
exhibited excessively prolonged 
mGluR1-dependent synaptic 
currents and calcium signalling 
responses (six weeks P<0.01, 12 
weeks P<0.001, two-way ANOVA).

Since careful control of 
mGluR1 signalling is critical for 
cerebellar function in mice and 
humans, we sought to remove 
the excess mGluR1 responses 
with a potent, readily-available 
pharmacological modulator. 
Acute treatment with a low 
dose of the potent and specific 
activity-dependent mGluR1 
negative allosteric modulator 
JNJ16259685 shortened the 
prolonged mGluR1 currents 
in PNs from 12 week old SCA1 
mice (P<0.005, two-way ANOVA) 
and also rescued their motor 
impairments on the rotating 
rod task and restored their 
gait (rotarod P<0.03, two-way 
ANOVA, gait analysis P<0.02 
2-way ANOVA). These results 
demonstrate a compelling link 
between excessive mGluR1 
signalling and the onset of 
ataxia and also promote 
mGluR1-based pharmacology as 
a realistic new avenue for the 
treatment of ataxia.

Supported by a University of 
Otago PhD scholarship, Otago 
Medical School Deans bequest 
fund, Department of Physiology 
and Brain Health Research 
Centre, OMRF.

Proteomic identification 
of an abdominal aortic 

aneurysm specific 
14-3-3 isoform: insights 
into its potential as a 

therapeutic target
TD Kabir, C Jin, LV Phillips, AM van 

Rij, GT Jones
Department of Surgical Sciences, 

Dunedin School of Medicine, 
University of Otago.

Abdominal aortic aneurysm 
(AAA) is a major health issue 
among men over 65 years 
of age. Although initiatives, 
such as national screening 
programmes, may help reduce 
the rates of AAA rupture, 
currently surgical repair is the 
only available treatment. This 
study aimed to characterise 
a novel mechanistic pathway 
in AAA pathogenesis and 
determine its potential utility 
as an AAA specific pharmaco-
logical therapeutic target.

Two-dimensional gel electro-
phoresis was used to determine 
the differential expression of 
proteins in AAA specimens and 
were validated by western blot 
(AAA, n=82, vs non-aneurysmal, 
n=12) and ELISA (AAA, n=36, vs 
non- aneurysmal, n=30). Levels 
of the most up-regulated protein 
(14-3-3-θ) was examined further 
in specific layers of the aortic 
wall (n=5). 14-3-3-θ and non- 
targeting control siRNAs were 
used to selectively knock-down 
this gene in an immortalized 
T-lymphocytic (Jurkat) cell line. 
Its effects on cell proliferation, 
migration and OKT3-induced 
activation were measured by 
CyQuant NF-cell proliferation 
assay, 2D-chemotaxis assay 
and ELISA for human IL-2, 
respectively.

14-3-3-θ was consistently 
up-regulated (p=0.005) in AAA 
tissues, particularly in the 
T-cell-rich lymphoid tissue within 
the adventitial layer. In vitro, 
transient depletion of 14-3-3-θ in 
Jurkat cells reduced proliferation 
(p=0.025), stimulated chemotaxis 
(p=0.004) and suppressed IL-2 
secretion (p<0.05).

The accumulation of 
lymphocyte aggregate in the 
adventitia of the aorta was 
reported to correlate with 
the expansion and rupture 
in AAA by mechanisms that 
are poorly understood. These 
AAA-associated T-lymphocytes 
secrete cytokines, contributing 
to disease progression. We 
showed that 14-3-3-θ is essential 
for Jukrat cell activation and 
exerted a pro-proliferative 
and an anti-migratory effect, a 
possible mechanism that would 
favour their in situ activation, 
aggregation and expansion. 
Abolishing this aggregation 
of AAA-associated T-lympho-
cytes, by targeting 14-3-3-θ, 
therefore, may hold promise 
as a disease-specific pharma-
cological approach to slow the 
progression of an aneurysmal 
vascular disease.

This study was supported by 
grants from the Health Research 
Council of New Zealand and the 
Dunedin School of Medicine.
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