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EDITORIAL

Current management of hepatitis C in New Zealand

Ed Gane, Hepatologist, Auckland and Middlemore Hepatitis Clinics and New Zealand
Liver Transplant Unit, Auckland.

Less than 20 years after the first notified case, almost 25 000
New Zealanders are infected with hepatitis C virus (HCV).1

Since routine donor testing was introduced in 1992, no cases
of transfusion-acquired HCV infection have been reported,
despite over one million blood units being transfused.
Intravenous drug use is the route of transmission in more
than 90% of new cases. The incidence of HCV infection in
New Zealand intravenous drug users is 15% per annum –
equivalent to 25 new infections each week.2 The numbers of
HCV-related deaths or transplants in New Zealand will
more than double by 2010 (to 60 per annum).

90% of those exposed to HCV develop life-long infection.
The natural history is not uniform – 1/3 never develop
significant liver injury, 1/3 have an indolent course, whilst
the remainder have steadily progressive liver disease.3

Because the presence of cirrhosis determines prognosis and
the need for regular surveillance for varices and
hepatocellular carcinoma, liver biopsy should be considered
in all HCV positive patients. In our own clinic, almost 10%
are cirrhotic at initial assessment.

Alcohol accelerates disease progression through increased
HCV replication and inhibition of HCV-specific cellular
immune responses. Therefore, abstinence is recommended
for all patients with fibrosis, whilst others should keep their
alcohol intake below safe limits (<10 standard drinks/week in
males; <5/week in females). Hepatitis A or B virus
superinfection may trigger acute decompensation so
vaccination should be offered to the non-immune.

The most cost-effective strategy is prevention of infection.
Unfortunately, the hypervariability of HCV, the high
mutation rate and the lack of a cell culture system or animal
model pose huge obstacles to vaccine development.
Important public health strategies include needle exchange
and teenage drug education programmes.

The only strategy in those already infected is prevention of
disease progression through suppression or eradication of
HCV. In 1986, Hoofnagle reported that interferon-α
improved liver function tests in posttransfusional hepatitis.
This was soon adopted as standard therapy, despite
disappointing results: although serum HCV RNA became
undetectable in 30% of people by the end of treatment (End -
of-Treatment Responders), most relapsed within three
months (Responder-Relapsers). Those few patients (<10%)
who did not relapse within six months, remained free of HCV
after ten years follow-up and were cured. All efforts have been
directed towards increasing this Sustained Response rate
either by increasing End-of-Treatment response rates or by
reducing Responder-Relapser rates. Increasing the interferon
dose significantly improves End-of-Treatment Response rates
but is offset by intolerable side-effects. Extending the duration
of therapy to twelve months reduces the relapse rate without
reducing tolerability. Even with this regimen, however, fewer
than 20% of patients achieve a Sustained Response.

Two recent major advances in antiviral therapy of hepatitis
C are ribavirin and pegylated interferon. Following the
introduction of an oral formulation in 1990, ribavirin was
trialed in patients with chronic viral hepatitis. Although it
reduced serum aminotransferases and histological
necroinflammation, ribavirin had no effect on HCV levels
and all patients relapsed soon after stopping treatment.
However, the addition of ribavirin to interferon-α increased
the Sustained Response rate from 16% to 41%.4 Ribavirin
has an immunomodulatory rather than antiviral effect,
promoting the shift from viral persistence to viral clearance,
thereby preventing posttreatment relapse. Currently,
multiple phase II and III studies are evaluating the efficacy
and safety of combining interferon with other
immunomodulatory agents, including IL-12, thymosin-α,
mycophenylate and histamine.

‘Pegylation’ is the addition of multiple polyethylene glycol
moieties to a parent molecule, in order to improve
pharmacokinetics. Pegylated interferon has a reduced
volume of distribution and renal clearance and markedly
prolonged half-life, enabling once weekly administration.
This prevents the wide fluctuations in serum levels
associated with standard interferon, reducing side-effects and
increasing efficacy. It induces a more rapid decline in viral
load, with most Responders becoming negative by four
weeks. Although relapse rates are similar to standard
interferon, End-of-Treatment Response rates are much
higher (69% vs 28%), producing high Sustained Response
rates (39% vs 19%).5

The most striking benefit is in cirrhotics – 45% achieve a
Sustained Response with pegylated interferon compared to
<5% with standard interferon. Pegylated interferon increases
End-of-Treatment response, whilst ribavirin reduces relapse.
Preliminary results of six months combination therapy report
a Sustained Response rate of 60%.6

Treatment can be tailored to the individual patient. HCV
genotype is the best predictor of response. Six months
combination therapy achieves a Sustained Response in 64%
of patients with genotypes 2 and 3, compared to only 16%
with genotype 1. Extending therapy to twelve months
doubles response rates in genotype 1, but has no benefit in
genotypes 2 and 3. The very high prevalence of genotypes 2
and 3 in New Zealand (47% compared to 5-15% in Europe
and USA), should further enhance the benefits of antiviral
therapy in this country.

Further cost-benefits can be gained by early identification
of non-response. With interferon monotherapy (standard
and pegylated), patients who are still HCV RNA positive
after three months do not respond to continued therapy.
However, when ribavirin is added, 20% of such patients will
have a Sustained Response to continued treatment. Thus, in
patients receiving combination therapy, non-response is
assessed after six months.
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Not all patients should be treated. Those with persistently
normal serum aminotransferases usually have very mild
hepatitis. They have a low risk of progression to cirrhosis and
a poor response to antiviral therapy.7 Other contraindications
include: decompensated cirrhosis, varices, severe psoriasis or
ulcerative colitis and untreated depression. Depression, due to
depletion of central synaptic serotonin occurs in 20% of
patients but prozac or other serotonin uptake inhibitors
usually permit completion of interferon therapy.8 Ribavirin
induces dose-related haemolysis, necessitating a dose
reduction in 5-10% of patients. Severe vascular disease and
renal impairment (reduced clearance) are absolute
contraindications to therapy and close monitoring for anaemia
is mandatory in all patients.

Currently, only treatment of interferon-naïve patients is
funded in New Zealand. However, patients who previously
responded to, but then relapsed after, six month’s interferon
are an attractive group for retreatment. In the study by
Chapman et al,9 in this issue of the Journal retreatment with
both high-dose interferon and combination interferon/
ribavirin achieved Sustained Response rates of 50%,
significantly higher than in interferon naïve patients. This
and previous studies strongly support PHARMAC funding
retreatment in all previous Responder-Relapsers.

In contrast, previous non-responders to interferon do not
benefit from retreatment with high-dose interferon or
combination therapy. This group is most likely to benefit
from future molecular agents with direct antiviral, rather
than immunomodulatory, effects. Specific steps of HCV
entry, replication and assembly are targeted by polymerase
inhibitors, ribozymes, antisense and interfering peptides,
some of which have already entered phase 1 human studies.

Only patients with cirrhosis will develop the life
threatening complications of liver failure or

hepatocellular carcinoma. Therefore, for maximum cost-
benefit, treatment should be commenced prior to the
onset of cirrhosis.  Increased public awareness of HCV
infection and increased availability of screening to all at-
risk individuals should allow earlier identification and
treatment, thereby preventing progression to end-stage
liver disease.

Chronic HCV is an important public health problem
in this country. Until the arrival of an effective vaccine,
needle exchange programs and increased awareness of
the risks of intravenous drug use remain the most
important preventative strategies. Antiviral therapy is
the only means of reducing morbidity and mortality in
those already infected. The improved efficacy and
tolerability of ribavirin and pegylated interferon means
that cure has become a realistic goal in the majority of
patients.

Correspondence. Dr Ed Gane, Department of Medicine, Faculty of Medicine
and Health Science, The University of Auckland, Auckland. Fax: (09) 529
4061; email: e.gane@auckland.ac.nz
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Drug Trials
The demand for trial participants has never been so high, the report notes. Today, more drugs are in development than ever
before. In 1995, for example, 2585 drugs were in preclinical animal testing in the USA. Three years later, that number had
jumped to 3278. Trials have also become more complex and require more participants. In the early 1980s, the average number
of individuals included for new-drug-application trials was 1321. By the early 1990s that number had more than tripled to
4237. Not only do more participants need to be found, the Office of Inspector General (OIG), US Department of Health
reports, but also they need to be found quicker. The cost of developing drugs has shot up tenfold over the past 20 years from
around $50 million per drug in the 1970s to as much as $500 million today. To recoup these costs pharmaceutical companies
want to bring their new drugs to market in as short a time as possible and many are now contracting out clinical trial work to
the most efficient organisations they can find. This practice has led to the rise of contract-research organisations, private
companies that specialise in clinical trials, and firms that recruit patients or healthy volunteers.

To win and retain their contracts, the trialists must therefore find participants and find them quickly. The pressure, the OIG
reports, has led to the adoption of several questionable practices. Doctors, for example, are being paid substantial fees to get
their patients to enrol in trials, which raises serious questions about conflict of interest. They are also being paid for opening
their patients’ confidential records so recruiters can hunt for eligible subjects. Patients are often unaware that their doctors are
being paid to recruit them for trials.

Lancet 2000; 355: 2177.
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Interferon- alpha 2a / Ribavirin versus Interferon- alpha 2a alone for the retreatment

of hepatitis C patients who relapse after a standard course of Interferon

Bruce A Chapman, Gastroenterologist, Canterbury Health, Christchurch; Nigel H Stace, Senior Lecturer in
Medicine, Wellington School of Medicine, Wellington; Christine L Edgar, Hepatitis Nurse, Christchurch Hospital,
Christchurch; Sharee E Bartlett, Hepatitis Nurse, Wellington Hospital, Wellington; Christopher MA Frampton,
Statistitian Department of Medicine, Christchurch School of Medicine, Christchurch; Shane L Scahill, Medical
Manager, Clinfotech Pharma Ltd; Lance C Jennings, Virologist, Canterbury Health, Christchurch.

Abstract

Aim. To compare the efficacy of a descalating dose of
interferon (48 weeks) versus a combination therapy of
interferon and ribavirin (24 weeks) in hepatitis C positive
subjects who relapsed within six months of cessation of a
standard six month course of interferon three million units
thrice weekly.
Methods. All 32 subjects had biopsy proven chronic
hepatitis C, were PCR positive and had elevated
transaminase enzymes at least one and a half times the
upper limit of normal. Subjects were randomly assigned to
either a descalating dose of interferon-alpha-2a; six million
units thrice weekly for 24 weeks followed by 3 MIU 3x for
24 weeks or interferon three million units thrice weekly for
24 weeks plus ribavirin 1000 mg/day for 12 weeks. A
complete virological response was defined as a negative
PCR for HCV RNA at 24 weeks after cessation of therapy.

Results. Sixteen patients were assigned to each arm and
the sustained virological response was 50% for both the
interferon and combination therapy arm (pNS). The
biochemical response correlated with the virological
response; 7/8 virological responders in the interferon
alone had normalisation of transaminase 24 weeks post
treatment as did 8/8 of those in the combination arm. One
patient withdrew from treatment in the descalating
interferon group and three required dose reduction. No
subjects in the combination arm discontinued therapy but
dose reduction was required in three subjects.
Conclusion. High dose descalating interferon-alpha 2a
and a combination of interferon-alpha 2a and ribavirin
were effective in achieving a sustained virological response
in 50% of subjects who had relapsed after a standard six
month course of interferon. 

NZ Med J 2001; 114: 103-4

Nearly 100 million people world wide are infected with the
hepatitis C virus (HCV). Approximately 70% will have
chronic hepatitis and up to 20% will progress to cirrhosis.1
A twelve month course of interferon alpha is still the
currently funded treatment program for HCV in New
Zealand. However, after 48 weeks treatment, only 10-20%
of subjects have a sustained virological response to
treatment.2 Combination treatment of interferon with the
nucleoside ribavirin in several large studies has resulted in an
approximately two fold response compared to interferon
alone.3,4  Factors associated with a better outcome include
female gender, HCV genotype 2 or 3, low viral load, age less
than 40 years and minimal hepatic fibrosis.3 Studies looking
at the retreatment of subjects who relapse after a standard
course of interferon with the same interferon regimen have
been disappointing.5-7 However, several studies have shown
that combination therapy with ribavirin and interferon in
such relapsers achieves a sustained response in approximately
50% of cases.7,8

The aim of this study was to compare the response to a
higher and longer course of interferon versus a combination
of ribavirin and interferon in subjects who relapsed after a
standard course of interferon, three million units thrice
weekly for six months. The primary treatment outcome was
to compare the virological response (PCR for HCV RNA)
between the two treatment arms six months post treatment.

Methods
Patients and sample collection. Patients who had completed a standard
treatment course of interferon (three million units thrice weekly for six
months) at the Departments of Gastroenterology at Christchurch and
Wellington Hospitals and had relapsed within six months of treatment
were eligible for enrolment in this study. All patients were PCR positive
for HCV and had transaminase elevations at least one and half times the
upper  limit of normal. A liver biopsy was performed on all subjects
within six months of starting the original course of interferon and

patients were stratified for cirrhosis prior to entry into the study. Because
of the known teratogenic effects of ribavirin, eligible females had to have
a negative pregnancy test, be non lactating and use adequate
contraception. Given the propensity for ribavirin to cause haemolysis,
severe existing cardiac disease was also an exclusion criterion. 34 patients
were screened and sequentially recruited until 32 subjects were enrolled.
Subjects were then randomised to receive either interferon-alpha-2a, six
million units thrice weekly for six months followed by three million units
thrice weekly for six months or interferon-alpha-2a, three million units
thrice weekly for six months plus ribavirin 1000 mg per day for the first
twelve weeks of the interferon treatment.
Detection of HCV RNA by reverse transcription - polymerase chain
reaction (RT-PCR). Two methodologies were used to amplify the 5’UT
genomic region. During most of the study, HCV RNA was isolated from
200 µL aliqots of each serum sample by a TRIzol (Gibco BRL, Life
Technologies Inc Gaithersburg) RNA  extraction method used according
to the manufacturer’s instructions. For the detection of HCV, two primer
sets (Cp14I/Cp15II9 and IntA/IntB10  were used in a nested PCR reaction.
In the later part of the study, the Cobas Amplicor™ HCV qualitative
assay (Roche Molecular Systems) was used.11

Genotype determination. Two methodologies were used to classify
viruses according to Simmonds et al.12 An in-house method based on the
amplification of the 5’UT region9 and digestion with restriction
endonucleases MboI and Hae III (Promega, BRL, USA) and
amplification of the NS5 region13 followed by BstN1 cleavage and DNA
fragment electrophoresis on a 12% nondenaturating polyacrylamide gel.
Following the introduction of the Cobas Amplicor HCV assay, 5’UT
products were used for genotype determination using the INNO-LiPA
HCVII (Innogenetics NV. Belgium) line probe assay.14

Results
The mean age, pre-treatment ALT levels and gender ratio
were not significantly different between the two treatment
groups (Table 1). Viral genotyping was not a prerequisite for
the study but was performed in 94% of subjects. The ratio of
type 1 to non-type 1 was 73%:27% for the interferon arm
and 40%:60% for the combination arm.

The sustained virological response at six months or more
post treatment was the same 8/16 (50%) for both the
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combination and the high dose interferon arms. The
biochemical response correlated with the virological
response in that 8/8 of virological responders in the
combination arm and 7/8 in the interferon arm had normal
transaminase levels six months post treatment. At the end of
treatment, the PCR was negative in 10/15 (67%) of the
interferon arm and 11/14 (79%) of the combination arm.
There was no end of treatment PCR data available for two
patients in the combination arm and one subject in the
interferon arm, but all three were PCR negative at follow
up. 30 of the 32 subjects had their viral genotype determined
and the response to treatment was lower in the subjects with
viral type 1, 6/17 compared to 8/13 for non-type 1, but with
small numbers this did not reach statistical significance
(p=0.15, Chi-squared test). In the interferon alone arm, the
sustained response for type 1 was 5/11 compared to 2/4 for
the subjects with non-type 1 and in the combination arm the
sustained response for type 1 was 1/6 compared to 6/9 for
those with non-type 1 viral types.

Patient characteristics

Interferon Combination

n 16 16
Mean age (years) 37 38
Gender (m/f) % 57/43 63/37
Cirrhosis 2 1
ALT (x UL normal) 2.9 2.5
Weight (kg) 75 68

UL = upper limit of normal. ALT = alanine transaminase.

The most commonly reported side effects in the interferon
arm were fatigue (81%), headache (69%), myalgia (63%),
nausea (44%) and depressive symptoms (44%). A similar
profile was seen in the combination arm; fatigue (88%),
myalgia (69%), headache (63%), nausea (38%) and
depressive symptoms (31%). Dose reduction of interferon
was required in four of sixteen in the interferon arm
compared to three of sixteen in the combination arm. One
subject in the combination arm developed haemolysis and
required reduction of the ribavirin dose.  One subject
withdrew from the interferon arm of the study.

Discussion
The long term treatment response was 50% in both the high
dose interferon and the combination treatment arms.

Considering that 73% of the subjects in the interferon arm
had viral type 1, which is less responsive to treatment, a
complete response in five of eleven subjects with viral type 1
was very encouraging. Chemello et al using the same
descalating dose of interferon reported a 40% sustained
response in relapsed patients which is similar to this study.15

Other studies have shown that repeating a standard dose of
interferon for a further six months has only a 5% long-term
response rate.5-7 In a meta-analysis, Camma et al found that
high interferon dosage was a predictor of a sustained
response in retreatment trials.16

Combination therapy in two large studies of relapsed patients
gave identical overall response rates (50%) to this study.7,8

However, in this study, the result was achieved with only three
months of ribavirin in combination with six months interferon.
Current practice for naive subjects is to use twelve months
combination therapy for type 1 HCV and six months for other
viral types.3,4 Larger studies using a shorter course of ribavirin
are required before changing the current recommendations.
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Did Beethoven die of lead poisoning?
William Walsh and colleagues at the Health Research Institute in Chicago announced this week that a lock of hair removed from the composer
Beethoven after his death in 1827, contains a concentration of lead 100 times greater than commonly found in people today. William Meredith,
director of the Center for Beethoven Studies (San Jose State University, CA, USA), points out that it is well documented that Beethoven suffered
chronic abdominal pain for many years and had his abdomen punctured four times between December 1826 and February 1827 to alleviate the
build up of fluid. “Lead ‘colic’ is a recognised symptom of severe lead poisoning”, he says. Beethoven wrote to his brothers in 1802, asking them to
find the cause of his severe colics after his death. “We feel that we’re fulfilling part of his wishes, albeit 199 years later”, says Walsh.

Kathryn Senior. Lancet 2000; 356: 1498.
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In New Zealand, hepatitis C infection is common among
persons with a current or past history of injecting drug use.
Prevalence estimates in injecting drug users (IDU) vary
between 22%1 and 86%2 amongst sub-populations. Those
on opioid treatment programmes having the highest
prevalence.2,3

The precise burden of hepatitis C infection due to IDU is
unknown but can be estimated. From New Zealand STD
clinic surveys, IDU was admitted by 4.5%4 and 5.2%1 of
clients. Lower rates are likely in the general population.
Assuming that 1% of the population aged 15-50 years have
ever injected drugs, the conservative prevalence of hepatitis
C in IDU (22%) predicts 3500 infections from this cause
alone in New Zealand.

Regardless of actual prevalence, continuing incidence is of
concern,5  particularly amongst young IDU. 40% of IDU
aged 25 years or less were anti-HCV positive in surveillance
data from needle exchange attendees in 1997.6 The request
for a Hepatitis Outreach Clinic came from staff and clients
of the Drugs and Health Development Project (DHDP), a
non-governmental public health provider which operates a
community needle exchange, health information services and
peer support for IDU in Wellington. DHDP identified a
need for accessible, empathetic advice and management of
viral hepatitis and related health issues for past and current
IDU reticent to access hospital-based services or general
practitioners (GPs). Despite good personal and public health
reasons for IDU to manage hepatitis infections, uptake of
hospital-based services by this community group has not
been high.

DHDP were aware of a number of factors impeding access
to conventional health services. These included the costs of
attending a GP, or having no primary care clinician to refer
them to appropriate services, failure to keep hospital
appointments or to remain engaged in management, and
poor rapport with health professionals. Underlying concerns
identified by drug users included stigmatisation due to the
method by which they acquired hepatitis C, and perceptions
of low efficacy of management options.

DHDP premises in Wellington were proposed as the
location for an outreach clinic. The local IDU community
already accessed a central city needle exchange at this site. It
also housed the national headquarters of the New Zealand
Prostitutes Collective (NZPC). At the sexual health clinic
established by NZPC for sex workers, 43% of patients were
not in the sex industry.7 Some were transgendered clients,8

some anabolic steroid users9 but most were IDU seeking
hepatitis C testing or monitoring and related information.

Method
The clinical service commenced in August 1997. DHDP provided
administration staff, peer support for patients as well as premises. Senior
staff of the Gastroenterology Unit at Wellington Hospital assisted in
development of the clinic proposal, approved protocols for the
investigation and treatment of hepatitis C and provided back-up support.
The senior physician of the Wellington Alcohol and Drug clinic (GR)
provided supervision of the outreach and sought authority for hepatitis
treatment. A medical officer (HM) attended the clinic for two hours one
evening a week. DHDP staff and clients knew these two doctors, from
their roles in the Capital Coast Health opioid substitution service and
sexual health clinic.

Regional alcohol and drug services were informed of the clinic, as were
Wellington GPs known to see drug users frequently. However,
advertising to the target population was by word of mouth amongst the
drug-using community. This proved to be effective. The outreach clinic
was established to complement, not duplicate existing services, catering
for a clientele that would not or could not attend the hospital
gastroenterology department. Clinic services were free to patients with
funding of medical practitioner time by Schering-Plough (NZ) Ltd and
support from Capital Coast Health.

The range of clinic activities (Table 1) extended beyond hepatitis C
testing, assessment and management. The mix of services combined
public health and personal health activities, crossing inter-disciplinary
boundaries, and the primary/secondary health care interface.

Table 1. Activities of the outreach clinic.

• Testing for blood born viruses – HCV,HBV, HAV, HIV.
• Pre - and Post- test counselling
• Discussion of risk factors/harm reduction
• Hepatitis B vaccination if appropriate
• Hepatitis A vaccination discussed
• Discussion of opioid and other addictions
• Assessment of motivation for change
• Discussion of addiction treatment options
• Monitoring of liver function tests
• Work-up to assess suitability for hepatitis treatment
• Interferon treatment and follow-up
• Advice on and treatment of injection-related complications
• Sexual health advice
• Building rapport and goodwill.

Individuals previously seen at hospital hepatology services were
encouraged to re-establish rapport with that provider for hepatitis
management. Patients who would not or could not access conventional
services were offered treatments at the outreach clinic. The majority of
outreach patients were expected to be recently sero-converted under-25-
year-olds, whose treatments could be completed within twelve months.
These proved to be unrealistic expectations.

Hepatitis services at an injecting drug user outreach clinic

Helen Moriarty, Medical Officer; Robert Kemp, Manager, Drugs and Health Development Project, Wellington;
Geoffrey Robinson, Physician, Alcohol and Drug Services, Capital Coast Health, Wellington.

Abstract

Aims. To provide a culturally appropriate, accessible and
affordable hepatitis outreach clinic for injecting drug users,
a traditionally hard-to-reach population.
Methods. The community-based clinic, a collaborative
project between the Wellington Drugs and Health
Development Project and Capital Coast Health, was
established in Wellington in 1997. Characteristics of the
first 100 injecting drug users with hepatitis C assessed
through the clinic are presented.
Results. Of 51 patients found to be hepatitis C positive,
five have received hepatitis C treatment, four at the

outreach and one at a base hospital. 25 have been
vaccinated for hepatitis B. The clinic has established trust
and rapport with the injecting-drug-user community.
Conclusions. The hepatitis outreach clinic is an
innovative project, crossing the primary/secondary
interface of health services provision and providing
personal health services within a public health initiative.
The success of this model indicates potential value in
offering outreach hepatitis clinics for injecting drug users
in the major cities to close a gap in health service
provision.

NZ Med J 2001; 114: 105-6
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Results
In the first 105 clinics, 130 new patients were seen. Of these, 100
(77%) were IDU consulting on viral hepatitis. The remainder
were injecting anabolic steroid users (3), sex industry workers
(22) and non-hepatitis IDU consultations (5). As Table 2 shows,
the predicted focus on under-25-year-old newly sero-converted
IDU proved to be a faulty paradigm. 66% of the patients were
aged 25 years and above at first consultation. The majority of
patients (89%) were self-referred, five were referred from
regional Alcohol and Drug services, four from GPs, and two
were referred for hepatitis B vaccination by a gastroenterologist.

Table 2. Age and sex distribution of 100 IDU consulting on hepatitis.

Sex <25 yrs 25-34 35-44 45+
Male 17 25 13 3
Female 17 15 8 2

The clinic non-attendance rate of 23% was not dissimilar to
that experienced at the local hospital hepatology clinics (Dr N
Stace, personal communication). Differential default rates for
first and subsequent attendance are not available, since DHDP
staff did not fully identify patients when making appointments.

51 hepatitis C positive patients have so far been identified,
not all of whom have been ready to pursue treatment. Some
have wanted only to discuss options, or monitor their liver
function. Nineteen have expressed interest in hepatitis
treatment. Five of these have received treatment (three males,
two females), four treated at the outreach clinic and one at a
base hospital. Three treated individuals are now HCV PCR
negative. One patient, with HCV subtype 1a, did not respond
to interferon alone and has commenced combination therapy
(ribavirin and interferon). A fifth patient has not yet
recommenced treatment after an early relapse.

It is most unlikely that any of these treated patients would
have received hepatitis C assessment or management if
expected to access traditional services. With their histories of
opioid, alcohol and benzodiazepine dependency they may have
been deemed unsuitable for treatment by mainstream services.
Supportive addiction counselling was provided throughout the
treatment period. Three patients received methadone
maintenance concurrently with their hepatitis treatment.

One has continued methadone after treatment to minimise
relapse of drug dependency, which carries a risk of re-
infection. One patient continued interferon despite
imprisonment during treatment through the goodwill of
prison health service staff. Twenty three patients have
received hepatitis B vaccination at the outreach clinic.

Discussion
The clinic experience has highlighted the time and effort needed
to establish a constructive therapeutic relationship with members
of hard-to-reach communities. In 27 months of operation, only
five patients have so far completed treatment. The single most
important activity of this clinic is building rapport and goodwill.
The majority of the patients who have attended this clinic had
histories of negative interactions with the medical profession,
were reticent to engage with mainstream health service providers
or harboured a mistrust of authority figures. Some expressed a
belief that, as drug users, they would be pre-judged by health
professionals on account of their association with illicit activities.
At the advent of the HIV/AIDS epidemic, similar considerations
triggered the provision of services designed to accommodate
lifestyle and cultural barriers. Once re-established, trust and
goodwill have proved transferable to other services as clients of
this outreach clinic have attended local hospitals for liver scans,
biopsies, and for specialist clinical management.

The location of this outreach clinic at a needle exchange centre
brought a number of advantages. The potential client base
already accessed the needle exchange, which is a non-threatening
environment for local IDU. The use of IDU peers in
administrative support has avoided attitudinal barriers and
concerns about judgmental treatment. The IDU community
knew the health professionals at the clinic from inter-related
clinical services, facilitating their acceptance by the client group
and vice versa. The fine delineation between issues of addiction
treatment and hepatitis treatment was governed by the
overriding paradigm of harm-reduction.

Initial expectations of this clinic proved excessively optimistic.
Few eligible patients have proceeded to hepatitis treatment to
date. The time to commencement of treatment, which has
ranged from 9 to 20 months, was very much underestimated in
planning. Most patients have yet to decide if the time is right to
start treatment. The slow uptake of treatment may be due in
part to patient disenchantment with the reported side effects of
interferon and its low sustained response rate. The advent of
more effective regimes including combination therapy10,11 may
help to counter preconceptions of unrewarding response.

Despite this, the outreach clinic has proved a successful model
of health service delivery to a traditionally hard-to-reach
population. It is the first outreach clinic in New Zealand to offer
hepatitis C treatments as well as assessment. Hospital-based
clinics dedicated to treatment of IDU have traditionally been
poorly attended.12 This clinic is complementary to local hospital-
based services. A feature has been the ability to offer clients in an
outreach setting a seamless service across the medical disciplines
of specialist addiction and gastroenterology services.

The Hepatitis Outreach Clinic was a novel approach to
health service provision in New Zealand, a community-
based personal health service established in response to a
public health issue affecting a particular sector of society. It
has a strong consumer-driven focus, is positioned at the
intersection of public health and personal health, and crosses
the primary/secondary interface of health service provision.
Experience with this clinic indicates potential for extending
the model into other cities through collaboration between
hospital and community-based IDU services. Co-operative
ventures between academic centres of excellence and IDU
community services could facilitate cross-referral, up-skill
staff, and open new funding and research opportunities. The
consequence would be to bridge a gap in health service
provision for IDU, a traditionally hard-to-reach population.
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SmokeChange for changing smoking in pregnancy
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Wells, HRC Biostatistician, Department of Publich Health and General Practice, Christchurch School of
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Abstract

Aim. To measure the extent to which SmokeChange, a
personalised intervention programme, enabled pregnant
women to reduce their exposure to tobacco smoke.
Methods. A cross-section of general medical practices
was randomly selected. General Practitioners (GPs)
were to register al l  pregnant women with the
SmokeChange  programme. Smoking women were
contacted by a SmokeChange Educator, who visited
them at home. The Educator worked with women and
their families for up to twelve months in order to
support cognitive, environmental and behavioural
changes to smoking.
Results. GPs registered 1390 pregnant women. Current
smoking, was reported by 437 (31.4%) and 209 (47.8% of
smokers) chose to enrol with the SmokeChange

intervention programme. Of these, 149 women (34.1% of
smokers) continued with the programme for at least four
visits. From this ‘long’ participation group, 28 (18.8%) had
stopped smoking entirely by their last visit in pregnancy.
Another 26 (17.4%) reported at least one cessation
attempt, together with a reduction of smoking
consumption by 63% at the end of pregnancy. The  95
(63.8%) continued smokers had reduced their smoking
consumption by 40%. Substantial smokefree environment
(homes and cars) changes were also made.
Conclusions. The SmokeChange approach of personalised
intervention, matched to individual readiness for change,
was both acceptable to pregnant women and enabled
participants to substantially reduce tobacco toxin exposure
to themselves and their developing infants.

NZ Med J 2001; 114: 107-10

Smoking is deleterious to health, particularly in the developing
foetus. Smoking increases the risk of premature birth and
perinatal death, as well as increasing the risk of Sudden Infant
Death Syndrome (SIDS), hearing loss, infections and asthma.1
Yet, levels of smoking in pregnancy persist at around 30% in
Canterbury2 and twice this for Maori.3

Policy makers have designated national targets “To reduce
smoking in pregnancy”. These include a national goal to
reduce the number of women who smoke during pregnancy
from 33% (1990) to 20% or fewer by 2000.4

Recommendations of support for “smoking cessation
programmes for all pregnant women who smoke” are given
in three national health documents.5-7

Cessation has traditionally been the focus of most smoking
interventions. A cessation model is appropriate for lighter
smokers and those who are ready to stop. However, heavier
smokers generally have greater physiological and psychological
dependencies for smoking and diminished readiness or desire
for cessation. The deleterious effects of smoking are dose
dependent as demonstrated by the relationship between
smoking levels and subsequent birth weight for both active8 and
passive9 exposure. Cessation programmes are often resisted by
the very people who are at most risk from smoking. In addition,
women who continue to smoke throughout pregnancy often
have difficult social circumstances.10

The SmokeChange model was developed to focus on
sustainable smoking reductions, as well as cessation. It
was designed to encourage any change, no matter how
small, using a step-by-step process to build confidence
and readiness, with eventual cessation. We set up the
SmokeChange Project using educational and motivational
strategies to influence readiness for change.11 This
report describes the SmokeChange programme and what
was achieved by women during pregnancy regarding
smoking reduction.

Methods
General practices (n=30) in Christchurch were randomly selected and 29
participated. An opportunity to register with the SmokeChange
programme was to be offered to all pregnant women attending their GP

from October 1995 to September 1997. Follow-up data were collected
through to September 1998. Women were invited to select from up to
five options for assistance with smoking cessation - “Would you like to
learn how to 1) have a smokefree home? 2) smoke less? 3) stop smoking
completely’? 4) continue to stay smokefree? and 5) the SmokeChange
programme can help with all of these. Would you like to find out more”?
Answer options were: yes/ unsure/ no. Basic socio -demographic
information and current and past smoking consumption was recorded.
SmokeChange intervention. SmokeChange Educators undertook an
intensive two week training course to develop a working knowledge of
the Stages of Change model,12 motivational interviewing,11 educational
and motivational strategies for influencing change and community
orientation. Training continued with weekly sessions throughout the
study period. Educator competence was assessed during three observed
sessions with clients, from the content analysis of videoed role play and
from interviews with clients. The Educators worked in the women’s
homes to support cognitive, environmental and behavioural changes that
influence smoking. Women were enrolled early in pregnancy (median
gestation 10 weeks: Q1 =7 weeks, Q3= 15 weeks). The length of
participation in the programme was left to the discretion of the women
until their baby was six months of age.

The Educators worked to a four to seven visits protocol. They moved
through the phases of assessing readiness, guiding decisions, strengthening
smokefree habits, weakening smoking habits, shifting beliefs that support
smoking, cessation attempts and emphasised maintaining recent changes.
Visit one was a comprehensive assessment of motivation, nicotine
dependence, previous cessation activity, temptation and confidence factors,
smoking knowledge and history and perceived stress. This information was
used to personalise a plan for change and decide a first step. The plan was
supported, extended or revised during subsequent visits. Appropriate
achievable, sustainable steps were promoted to each woman. These initial
steps were either behavioural (such as counting cigarette numbers, limiting
cigarette consumption, increasing smokefree time and planning a quit
attempt) or cognitive (such as talking to others or reading information) and
could be radically different in scale (ranging from changing cigarette brands
to attempting to quit). They were dependent upon the individual woman
and her circumstances.

Within two weeks of registration, 50% of women had their first
assessment (Visit one), 70% were visited within three weeks and 90%
within a month. Visits generally lasted an hour. Visit two to Visit four
were clustered within four to eight weeks and covered the planning and
early-action stage. The ‘last visit’ was defined as the visit nearest to the
end of pregnancy or the ‘Visit four’ whatever was the greater.
Maintenance visits were spaced at longer intervals and up to six-months
following the birth. Data were collected at registration by the GP and at
each client contact by the Educator. Referring doctors and practice
nurses were sent assessment and progress information on their patients.

Residual serum samples from routine antenatal blood tests were
anonymously tested for  cotinine.2 Non-smokers were defined as having
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cotinine levels <15 ng/mL.13 Self-reported smoking levels were compared
to cotinine levels.
Analysis. Simple categorical and mean comparisons between groups was
conducted using Pearson’s χ2-tests and Student t-tests, respectively.
Comparison of group medians was made using the median test,14 while
inferences for dependent proportions used McNemar’s test.15

Approval for this study was granted by the Southern Regional Health
Authority Ethics Committee.

Results
1390 pregnant women registered (Figure 1), of whom 437
(31.4%) reported current smoking. Of these smokers, 352
(80.6%) gave a ‘yes’ or ‘unsure’ response to at least one of
the five registration questions, and thus qualified for contact
by an Educator. An inclusive approach was taken. If entry to
the programme had been based on a single positive response
to the question “Would you like to learn how to stop
smoking completely?” only 55.4% of smoker registrants
would have been deemed eligible.

The 352 women who expressed interest in learning how to
change smoking were compared with the 85 who declined
(Table 1). Those expressing interest were more likely to
have other household smokers (χ2 = 10.0, df = 1, p<0.01), to
smoke ≥ 10 cigarettes per day when first pregnant (χ2 = 7.2,
df = 1, p<0.01) and were less likely to have reduced their
smoking levels in the week they registered (McNemar’s χ2 =
17.0, df = l, p<0.01). There was no difference in maternal
age and gestation between groups. Of the women expressing
interest in the programme, 22% identified themselves as
Maori, which was 87% of all Maori smoker registrants.

An Educator was then to contact each of these 352
women: eleven (3.1%) could not be traced, 132 (37.5%)
chose no further contact and 209 (59.4%) enrolled in the
programme and a first visit was arranged.

‘Long’ participation was defined as four or more visits by
an Educator, otherwise participation was deemed ‘short’.
This specification of a minimum visit frequency was
necessary so that stability of changes could be assessed. Four

visits was considered an appropriate period for most women
to have acted upon their early steps and smoke modification
goals. ‘Long’ participation was recorded by 149 (71.3%)
women (median 7 visits, range 4-14) and ‘short’ participation
by 60 (28.7%). Of these 60 women, 21 (10.0%) actively
withdrew before Visit four. Mitigating circumstances, of late
enrolment, premature birth, miscarriage or moving out of
the study region, led to the reduced levels of participation of
39 (18.7%) women.

Comparisons were made over smoking levels and degree
of motivation between ‘long’ and ‘short’ participation
categories. There were no differences in smoking levels
prior to enrolment. However, ‘long’ participation was
marked by more women reporting both a high desire to be
smokefree (57.0% vs 28.6%; χ2 = 6.0, df = 1, p = 0.01) and a
readiness for making some change (94.0% vs 81.0%; χ2 =
4.4, df = l, p = 0.04) as assessed at Visit one. For the 149
‘long’ participants 28 (18.8%) declared they felt “ready to
quit” during Visit one, with sixteen of these women
subsequently achieving this goal during pregnancy. A further
four women from this group also achieved cessation but
relapsed prior to delivery.

Outcomes of the programme are presented for the 149
‘long’ participation group only. Daily smoking before and
during pregnancy (by visit number) is presented in Figure 2.
There was a shift during pregnancy from heavy (≥10 cigs/
day) to light/no-smoking (<10 cigs/day) over time. Before
pregnancy, 86.5% of these women reported they were heavy
smokers. However, at the onset of pregnancy, only 61.1%
reported heavy smoking although this reduction was not
sustained. After SmokeChange involvement, heavy smoking
levels fell to 38.9% by Visit two. This smoke reduction was
gradually improved upon over pregnancy until the Last Visit
when only 34.2% were in the heavy category.
Cessation without relapse. From Figure 2, it can be seen
that by the Last Visit, 28 (18.8%) women had stopped
smoking. At the start of the programme, (Visit one), their
median daily smoking rate had been seven cigs/day (Q1 =
2.5, Q3 = 12). When questioned on their desire to be
smokefree, 21 (75.0%) had reported a high desire while the
remaining seven (25.0%) reported a medium desire. In terms
of readiness for change, sixteen (57.1%) stated that they
were ready to quit, while twelve (42.9%) had been prepared
to make changes but not quit.
Cessation with relapse. At least one ‘quit attempt’ (a
period of at least 24 hours for which no smoking was
reported but not sustained during the pregnancy) was
reported by 26 (17.5%) women. At Visit one their median
daily smoking rate was eleven cigs/day (Q1 = 5, Q3 = 15). By
the Last Visit this had fallen to four cigs/day (Q1 = 2, Q3 = 7).
Continued smokers. There were 95 women who were
unable to stop smoking completely or make a ‘quit attempt’.
Figure 3 presents the median daily smoking levels of these
women over the course of the programme: median
consumption fell from fifteen cigs/day (Q1 = 10, Q3 = 20) at
Visit one to nine cigs/day (Q1 = 5, Q3 = 13) at their Last
Visit. Most of this reduction had been achieved by Visit two
(10 cigs/day) and was then maintained. Only three were
unable to make any reductions.
Changes in smokefree controls. Educators encouraged the
women to increase control over smokefree habits. Times,
places and activities were designated as smokefree. Of the
149 women, 40 (26.9%) said they maintained their home
completely smokefree throughout the study, 45 (30.2%) had
maintained some smokefree rooms, 56 (38%) made
intermittent efforts, and only 8 (5.4%) were unable to
develop any smokefree rooms at any time. Regular access to
a motor vehicle was available for 114 women. Of these 45

Figure 1. Flow diagram of enrolment and outcomes.
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(39.5%) had always kept the car smokefree, 20 (17.5%)
subsequently made their car smokefree, 16 (14.0%) had
fluctuating changes, and 33 (29.0%) continued to smoke in
the car.

Cotinine. Of the 28 women who reported cessation, 16 had
sera available for testing. However, only 5 of these blood
samples were drawn at the time coinciding with the women’s
declaration of cessation. All 5 samples tested negative for
cotinine.

Discussion
There are a number of requirements for a personalised
smoking cessation programme to be effective. These include-
the same message delivered by a multiple of professional
groups; the programme duration being more than eight weeks;
the programme encompassing four to seven sessions; and the
counselling sessions lasting more than ten minutes.16

Programmes specific to pregnancy are also important and there
is a dose effect of increased effectiveness with increased
programme intensity. Targeted education methods for
pregnant smokers are cost effective.17 The structure of the
SmokeChange intervention is based on these requirements, with
all five criteria for a high intensity and high quality intervention
included.18 The conundrum is how to successfully bring such a
programme to those women most in need, as those in most
need are least likely to access well health care.

The first step of engagement was registration of all pregnant
women, smoking or not, through their GP. By offering the
programme to all women, it was not necessary to establish the
smoking status before distributing registration forms. This
was to avoid any self denial2 of smoking before the woman
had an opportunity to learn what help might be available. The
use of multiple entry questions enabled heavy smokers to

Table 1. Comparisons of smoking women by enrolment interest.

Expressed Declined  Statistical results
Characteristics interest in opportunity

enrolment of enrolment

n = 352 (%) n = 85 (%)
Maternal age (mean years) 26.3 27.3 t = 1.47, p = 0.14

df = 425
Gestation (median weeks) 10.0 10.5 Median test p = 0.31

Community service card (yes) 228 (66.1) 46 (56.1) χ2 = 2.88, df = 1 p = 0.09
Ethnicity
  Pakeha 263 (76.7) 63 (81.8)
  Maori 74 (21.6) 11 (14.3) χ2 = 3.22, df = 2 p = 0.20
  Pacific Island 6 (1.8) 3 (3.9)

Other household smokers 259 (74.2) 47 (56.6) χ2 = 10.04, p<0.01
df = 1

Reported amount smoked
  Before pregnancy

nil 0  0
<10 cigs/day 63 (17.9) 22 (26.5) χ2 = 3.12, df = 1 p = 0.08
≥10 cigs/day 288 (82.1) 61 (73.5)

  First pregnant
nil 7 (2.0) 7 (8.4

<10/day 137 (39.6) 41 (49.4) χ2 = 13.17, p<0.01
df = 2

≥10/day 202 (58.4) 35 (42.2)
  Last week

nil 11 (3.2) 3 (3.6)
<10/day 158 (46.3) 59 (71.1) χ2 = 17.29, p<0.01

df = 2
≥10/day 172 (50.4) 21 (25.3)

Figure 2. Frequencies of daily smoking category of SmokeChange
women who had at least four educator visits (n=149). Categories of
smoking of cigarettes/day: nil, <10, 10-19, and 20+. Reported levels
of smoking before pregnancy and when first pregnant are given as a
basis to measure changes.

Figure 3. Median daily cigarette consumption for ‘continued smokers’
(n=95) who had four or more visits, by Educator visit. Continued
smokers are the group who were unable to ‘quit’ or make a ‘quit
attempt’. The bars indicate the upper and lower quartiles.
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express an interest in smoking support without committing
themselves to the ultimate challenge of cessation. This
ensured outreach to a large population of smoking women.
Next, the Educators were able to directly contact each woman
to offer the programme in a way suitable for that individual
and her level of understanding and smoking.

Expression of some interest was made by about 80% of
smoking registrants. With the use of such a low threshold of
entry, a sizable proportion was not expected to follow
through. By the end of the registration and enrolment
process, 48% of smoking registrants completed a first
assessment visit (Visit one) with their Educator.

The characteristics of the women who enrolled showed that
they were smoking heavily before pregnancy, had usually tried
to reduce once pregnant, but had not been able to sustain
their changes. 22% of these women identified themselves as
Maori, reflecting the proportion of Maori smoking women in
the community. The programme, therefore, was successful in
enrolling both Maori and non-Maori.

Of participants who stayed with the programme for at
least four visits (the ‘long’ participants), 18.8% were able to
stop smoking and remain smokefree. Another 17.4% were
sufficiently motivated to make at least one cessation attempt
and this group managed to reduce the amount they smoked
by more than half. The remaining continuing smokers also
made substantial progress and were able to reduce their
amount smoked by more than a third. Finally, changes were
also made towards creating smokefree environments in
homes and cars. If the ‘intention to treat philosophy’ is
adopted for analysis, 13.4% of the women can be calculated
to have stopped smoking, invoking the assumption that none
of those lost to the programme had made any changes.

A major criticism of these data could be that the results are
primarily based on self-report. Our group19 and others20 have
shown that maternal self-reporting of smoking can be
unreliable. To some extent we were able to document the
veracity of reports with cotinine measurements on residual
antenatal sera. Although there were only five samples taken
during the period in which the quitting group reported no
smoking, all five tested negative for cotinine. Their truthfulness
of self-reporting can be attributed to the close rapport and trust
established between the women and their Educator. No blame
was attached to smoking and no disapproval given when
relapses occurred. Establishing some sort of change, however
small, and then maintaining (or if possible increasing) this
change was the focus of the intervention.

Another criticism is that these results might be due to the
inclusion of women who would have quit or reduced anyway
early in their pregnancy. We argue the reverse. We found
that smokers who initially registered with the programme,
but subsequently declined, were lighter smokers, were able
to substantially reduce their smoking when first pregnant,
had fewer smokers in their households, and were less likely
to identify as Maori. Thus, those who declined SmokeChange
support were less challenged by their smoking. Up to a
quarter of women who are smoking before pregnancy will
stop before their first antenatal visit.21 Such ‘spontaneous
quitters’ were not included as SmokeChange enrolments since
we accepted only current smokers.

The novel component to SmokeChange is the initial focus on
reduction. We worked on building smokefree habits as well as
the breaking of smoking related habits. The rationale for this is
that, at any one time, only about one in ten smokers are in a
stage of their smoking where they can consider stopping.12

However, women become pregnant in all stages of smoking
addiction. SmokeChange was designed to cater for all smoking
women, particularly the heavier smokers. This needs to be borne
in mind when comparisons are made with other studies.

SmokeChange demonstrated that the biggest changes in
smoking reduction occurred by the second visit. Therefore, the
earlier in pregnancy a woman can be enrolled, the greater is the
protection to her baby from tobacco toxins. The practical
outcome is that for early intervention, maternity carers need to
attend to smoking reduction/cessation at the first antenatal visit.

A comprehensive review of interventions for promoting
smoking cessation during pregnancy concluded that “smoking
cessation programmes implemented in pregnancy increase
smoking cessation, lead to a small increase in mean birth weight
and a small reduction of low birth weight and preterm birth”.22

The reported rates of cessation were similar in both
biochemically validated programs and those based on self-
reports. The overall findings were that following recruitment
into a programme about 10% would stop smoking with ‘usual
care’ and an additional 6-7% would subsequently stop as a result
of the formal smoking cessation programme.

Our SmokeChange participants, who received four or more
Educator visits, made the same magnitude of progress with an
18% cessation rate (or 13.4% when intention to treat is
invoked). Like other studies, we do not know the smoking
outcome of those women who withdrew early (29%) or those
who declined the invitation to join the programme in the first
place. Our enrolment procedures did not include the
‘spontaneous quitters’. The number of women in our study was
too small to report meaningfully on birth weight differences.

In conclusion we have demonstrated that this pregnancy
specific programme which included women at various stages
of their smoking careers was successful in achieving
substantial reductions in smoking.
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Rural hospital amniotomy induction for women at or past term with a healthy

pregnancy and a favourable cervix: is it a safe option?

Ron Janes, Rural general practitioner obstetrician, Wairoa Hospital, Wairoa, Hawkes Bay.

Abstract

Aim. To assess the safety and efficacy of amniotomy
induction of labour for women at or past term with a
healthy pregnancy and a favourable cervix.
Methods. Retrospective chart review of nine cases
involving amniotomy induction managed by the author
since 1991, combined with a literature search for
randomised controlled clinical trials of the use of
amniotomy induction.
Results. All nine women delivered within fourteen hours
of amniotomy. The only serious complication was group
B streptococcal septicaemia in one newborn that

developed four hours after birth. No randomised
controlled clinical trial was found that examined the use
of amniotomy alone in a rural setting to induce women at
or past term with a healthy pregnancy and a favourable
cervix. However, studies from secondary care institutions
of women at or past term with a favourable cervix, being
induced for a variety of reasons, demonstrate that
amniotomy is both safe and effective.
Conclusion. In appropriately selected women, the use of
amniotomy induction in a rural maternity unit is both safe
and effective.

NZ Med J 2001; 114: 111-3

Approximately 10% of pregnancies reach or go beyond 42
weeks gestation.1 Routine induction of labour after 41 weeks
gestation has been shown to reduce both perinatal mortality
and caesarian section rates.2 In October 1998, Healthcare
Hawkes Bay extended its policy of ‘no induction of labour’
by general practitioner obstetricians (GPOs) or midwives
without specialist consultation (Clinical Educator, Maternity
Services, personal communication) to specifically include
amniotomy inductions, due to concerns about their safety.
Prior to this policy, I had been offering women the option of
an amniotomy induction at our rural hospital if they met the
criteria in Table 1.

Table 1. Rural amniotomy induction criteria.

– single fetus
– cephalic presentation
– ≥ 40 weeks gestation by ultrasound
– normal pregnancy
– head at or below spines
– favourable cervix (Bishop score ≥ 8)
– head well applied to cervix
– weather forecast doesn’t preclude transfer
– woman agrees to base hospital transfer if:
      – no contractions after 18 hours
      – delivery is not imminent by 24 hours

Rural women want a safe delivery as close to home as possible,
so as to have the support of family/whanau and avoid
unnecessary travelling. Some rural women in the Wairoa

District must travel over one hour to get to the Wairoa
Hospital, while a further two hours of driving over winding
roads is necessary to reach the base hospital in Hastings. The
requirement of specialist input for all amniotomy inductions
of women with healthy pregnancies, at or past term with a
favourable cervix, stimulated me to audit my clinical practice
and question the safety and efficacy of amniotomy inductions
in a rural hospital setting. In addition, a Medline® search was
performed looking for randomised controlled clinical trials
(RCCT) of the use of amniotomy induction.

Methods
Retrospective chart review (1991-8). Women in whom I had employed
an amniotomy induction were easily identified from my own records of
maternity care. Permission was obtained from Healthcare Hawkes Bay to
review the hospital maternity records of these nine women. Their
pregnancy details are summarised in Table 2.
Medline® search. The Medscape® website (http://www.medscape.com)
was used to perform a Medline® search for all English articles with
keywords ‘amniotomy’ and/or ‘postterm’ between 1990 and 2000. The
references of these articles were searched for further pertinent articles.

Results
Retrospective chart review. Table 2 summarises the
information for the nine women in whom an amniotomy
induction was performed. Age varied from 20-38 years (six
European, three Maori) and, except for one, were all
multigravida. All women (Table 3) had a favourable cervix
(Bishop score3 ≥8; mean 9.7) and were at or past term.

Table 2. Data on nine women induced by amniotomy alone.

Duration Gestation* in TIME: in hours BABY
 Patient of last Bishop weeks/days from amniotomy until: Blood weight Apgar
Number Year Age G P labour Score U/S (wk) [LMP] contractions delivery loss(mL) sex (kg) 1 min 5min
      1 1998 38 6 5 2.5 8 40/2 (17) [42/0] 1.00 3.58 300 M 3.97 8 9
      2 1998 30 5 4 0.5 8 40/1 (20) [39/6] 10.80 12.33 100 M 4.13 9 9
      3 1996 26 2 1 20 10 41/2 (19) [42/6] 11.17 13.58 200 F 3.42 9 10
      4 1996 20 2 1 6 8 41/2 (35) 7.58 12.50 100 F 3.45 7 9
      5 1993 28 2 1 12 10 41/1 (20) [41/0] 0.58 11.80 400 M 3.43 9 10
      6 1993 27 2 1 6 12 41/2 (17) [41/6] 2.00 5.50 250 F 3.91 9 10
      7 1993 31 2 1 15 9 42/3 (17) [41/5] 0.50 4.25 300 M 4.08 3 9
      8 1993 29 2 1 5 11 40/0 (7) [41/3] 2.75 3.80 300 F 4.22 8 9
      9 1992 20 1 - 11 41/3 (18) 1.75 3.92 850 F 3.60 9 10
MEAN= 27.7 8.4 9.7 41/0 (19) 4.24 7.50 311 3.80 7.9 9.4

G=gravida; P=parity; kg=kilograms; min=minutes.
*Gestation at the time of amniotomy estimated using both ultrasound (U/S) and first day of last normal menstrual period (LMP).
The timing of the ultrasound in completed weeks (wk) gestation is given in brackets.
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Woman #1 and #2 had histories of rapid labours and lived
60 minutes from Wairoa Hospital. They chose an
amniotomy induction at term because they felt it would be
safer and more convenient than awaiting spontaneous
labour. The convenience factor of knowing when they would
come to hospital made arranging childcare for their other
children, their own transportation to hospital, and the
attendance of their partners at the birth, much easier.
Woman #4 also lived 60 minutes from Wairoa Hospital over
a road that could be impassable in bad weather. She
presented late for antenatal care and refused transfer to the
base hospital for induction.

Table 3. Bishop’s Score.3

points 0 1 2 3
dilation (cm) closed 1 to 2 3 to 4 5 or more
consistency firm medium soft -
position posterior mid anterior -
effacement (%) 0 to 30 40-50 60-70 80 or more
station -3 -2 -1 1,2

Following amniotomy (Amnihook® or Amnicot®) all
women went into labour within twelve hours (mean 4.24
hours) and delivered within fourteen hours (mean 7.50
hours). The placenta was delivered by continuous cord
traction in all cases. Minor to moderate complications
included light meconium staining of liquor in one woman
(all others had clear liquor), one post-partum haemorrhage
(850 mL) treated with saline and oxytocin, and one newborn
had a one minute apgar score of three which required no
active resuscitation, just simple drying and stimulation.
There was one serious complication in a newborn who
developed group B streptococcal septicaemia four hours
following birth (apgars: nine at one minute; ten at five
minutes), and required urgent retrieval by the paediatric
team from Hastings Hospital.
Medline® search. No RCCT were found addressing the
question: Is amniotomy alone as safe and effective as other
methods for induction of women with a healthy pregnancy
at or past term with a favourable cervix?

In their review of the literature to 1995, Busowski and
Parsons4 found only ten prospective randomised studies
comparing amniotomy with other methods of labour
induction. All of these studies included women with a
variety of indications for induction of labour and were
conducted in secondary or tertiary care institutions. They
summarised: “Although there are little data available from
prospective randomised studies regarding the
effectiveness of amniotomy alone to induce labour, several
series have showed success in its use. In addition, no well-
accepted, prospectively randomised study is available
comparing the effectiveness of amniotomy to oxytocin for
induction of labour.”4

Since this 1995 review, two further randomised
prospective trials have been published,5,6 and both were
conducted in secondary care institutions and included
women with a variety of indications for labour induction. In
the first,5 single dose prostaglandin (PG) E2 gel was
compared to ‘amniotomy alone’ for inducing labour at term
in 110 primigravid and 150 multigravid women. After four
hours, an amniotomy was also performed in the PGE2
group, and women in both induction groups received
oxytocin for disordered uterine activity if needed.
Comparing the ‘amniotomy alone’ to the PGE2 group they
found that “among parous women the proportions of women
having spontaneous vaginal delivery, forceps delivery and
caesarian section were comparable.”5

Moldin and Sundell6 compared ‘amniotomy plus oxytocin
infusion’ to ‘amniotomy alone’ in 196 women with a
favourable cervix (modified Bishop score ≥6) requiring
induction of labour at term. If labour had not ensued by
0900 hours on the following day, women randomised to the
‘amniotomy only’ group received an oxytocin infusion. The
duration of labour stages one and two were similar for both
groups. Only 3 of the 98 women in the ‘amniotomy only’
group were not in established labour by the following
morning and were augmented with an oxytocin infusion. No
difference in maternal or neonatal complications was
observed between the two groups. They concluded: “With
regard to safety, the results do not warrant recommending
either type of labour induction. The minor differences
observed between the induction groups justify an individual
management policy, with attention paid to both the
indication for induction of labour and the woman’s choice.”6

Discussion
Amniotomy alone is a very effective labour induction
method in women at or past term with a favourable cervix,
with all nine Wairoa women (including one primigravid)
delivering within fourteen hours. This has also been shown
by other studies, with 97% of multigravid women achieving
established labour within 24 hours6 and 94% of women with
a favourable cervix delivering within 24 hours.7 Both
studies6,7 included women with induction indications other
than postterm.

Although theoretical risks exist with amniotomy (increased
infection rate, umbilical cord prolapse or compression, fetal
heart rate deceleration, and bleeding from fetal or placental
vessels,) “few studies show any substantial risk. Proper
selection of patients and timing of amniotomy with concern
and knowledge of potential risks (prolapsed cord with high
station) should minimize but not eliminate complications.”4

Roberts et al8 suggest that by itself, amniotomy does not
increase the chance a patient will have an umbilical cord
prolapse.

The risk of both maternal and newborn infection is
significantly related to the duration of ruptured membranes
and number of vaginal examinations.9,10 Therefore a policy of
no further vaginal examinations after amniotomy until labour
is established, and routine transfer to secondary care if no
labour ensues or insufficient progress is made within specified
times following amniotomy should minimise infection risk.
This policy is still more conservative than that being
advocated for the management or prelabour rupture of
membranes at term11 where some women waited 33 hours
without contractions before any oxytocin infusion was added.

In appropriately selected rural women (Table 1),
amniotomy induction locally offers a number of
advantages over other current induction methods, besides
avoiding travel to base hospital. The requirement of
regular monitoring prior to labour onset and the potential
drug side effects of prostaglandin and oxytocin inductions
are avoided, as are their associated costs. After an initial
period of observation following amniotomy, women can
await the spontaneous onset of labour, without the need
of regular monitoring.6

This review of nine Wairoa women whose pregnancies
were induced using amniotomy illustrates the fact that ‘low
risk’ deliveries may have emergency complications. Serious
emergency complications occur in about 8% of low risk
deliveries,12-14 either during labour or shortly after birth and
can not be predicted.15 The group B streptococcal
septicaemia in the newborn in this series of nine Wairoa
women was unrelated to prolonged rupture of membranes.
The mother delivered in less than twelve hours following
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amniotomy (clear liquor) and at no point had a raised
temperature.

In conclusion, amniotomy induction in carefully selected
cases is a safe option for rural maternity units that enables
women to deliver closer to home and family.
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Abstract

Aim. To describe the burden of symptoms of asthma,
allergic rhinoconjunctivitis and atopic eczema in children
in six New Zealand centres.
Methods. The International Study of Asthma and
Allergies in Childhood (ISAAC) Phase One was undertaken
in Auckland, Bay of Plenty, Hawke’s Bay, Wellington,
Nelson and Christchurch during 1992-1993. In each
centre, approximately 3000 six to seven year old children
and 3000 thirteen to fourteen year old adolescents were
studied, a total of 37 592 participants. Both age groups
answered written questionnaires and the adolescents a
video questionnaire about asthma symptoms.
Results. The prevalences of symptoms were high, for
asthma 25% and 30%, allergic rhinoconjunctivitis 10%

and 19%, and atopic eczema 15% and 13% in each age
group respectively. More than 40% of participants had
symptoms in the last year of at least one condition,
most commonly asthma. There were no significant
differences among regions, except for six to seven year
olds in Nelson who had significantly lower prevalences
of some symptoms of asthma and al lergic
rhinoconjunctivitis.
Conclusions. Asthma and allergies are common in
New Zealand, with resultant morbidity and cost.
However, there is little regional variation with the
exception of lower rates in Nelson children.
Explanations for these findings will be the subject of
further studies.

NZ Med J 2001; 114: 114-20

The International Study of Asthma and Allergies in
Childhood (ISAAC) found that the prevalences of symptoms
of asthma, allergic rhinoconjunctivitis and atopic eczema in
New Zealand and other English-speaking countries are
among the highest in the world.1-4 The extent of these
diseases and regional variations within New Zealand are
examined in this paper.

Many New Zealanders believe there are ‘good’ and ‘bad’
places for asthma, and during the 1980s regional differences in
asthma mortality and hospital admissions were studied. The
National Asthma Mortality Study 1981-83, which prospectively
examined deaths from asthma, identified regional variations
between health districts.5 Geographic analysis of hospital
admissions for asthma 1982-84 found that Nelson had the
lowest hospital admission rate and second lowest asthma
mortality rate in New Zealand 1982-84.6 Possible reasons for
these variations include asthma prevalence, asthma severity,
environmental factors and management practices.

However, the prevalence of asthma symptoms and
bronchial hyperresponsiveness in childhood has shown little
regional variation in previous studies,7-11 but it has been
difficult to be confident of comparisons among these studies
because of differences in methodology. A study among
adults in four centres, using identical methodology, found
only small regional differences, with Wellington and
Christchurch reporting slightly more symptoms and asthma
treatment than Auckland and Hawke’s Bay.12 More recently,
a similar study of adults in all regions of New Zealand found
significant urban/rural differences, as well as marked
differences between various rural areas.13

ISAAC was developed to measure the prevalence of
asthma, allergic rhinoconjunctivitis and atopic eczema

symptoms in different populations throughout the world
using standardised methodology in two age groups.14 ISAAC
Phase One studied over 700 000 children. The younger age
group (N = 257 800) was studied in 91 centres from 38
countries and the older age group (N = 463 801) in 155
centres from 56 countries.3 In New Zealand, the ISAAC
Phase One study was undertaken in six centres among six to
seven year old  (‘children’) and thirteen to fourteen year olds
(‘adolescents’) and the results are reported in this paper.

Methods
ISAAC Phase One was undertaken in six centres in New Zealand.
Auckland, Wellington and Christchurch were studied from October 1992
to August 1993, and Hawke’s Bay, Bay of Plenty, and Nelson were
studied from May to August 1993. The Auckland centre is the
geographical area known as the Auckland District of the Ministry of
Education. The Bay of Plenty centre is made up of the Rotorua,
Whakatane, Kawerau and Opotiki territorial local authorities. The
Hawke’s Bay centre is made up of the Hastings and Napier territorial
local authorities. The Wellington Centre comprises Wellington, Lower
Hutt and Porirua Cities. The Nelson centre is made up of Nelson City
and Tasman territorial local authority. The Christchurch centre is
Christchurch City. The study was approved by the relevant Ethics
Committee in each centre.
Sample and Subjects. Within the three large cities, schools with pupils
in the relevant age groups were randomly sampled to obtain at least 3000
pupils per age group per centre. In Bay of Plenty, Hawke’s Bay and
Nelson all schools were enrolled. A letter and relevant documentation
were sent to the Board of Trustees and school principals requesting
permission to conduct the survey. The pupils of the appropriate age
group were identified from the school roll and parents sent an
information letter about the study. The parents of the adolescents were
asked to contact the research team if they did not want their child to
participate. If any eligible pupils were absent, the research team returned
on another day to include them if possible. For the children, the
questionnaire was issued through the class teacher, sent home, and if not
returned within one week was sent home again on up to two more
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occasions within one month. Some centres issued a stamped self
addressed envelope to facilitate return of the questionnaire, and a book
sticker was issued to the children to encourage return of the
questionnaire. The field research work in schools was done by one
trained local person in Auckland, Bay of Plenty and Chirstchurch, two
people in Hawke’s Bay, four in Wellington and eight in Nelson.
Questionnaire. Three one page core written questionnaires on asthma,
rhinitis and eczema symptoms were used for both age groups, and an
asthma symptoms video questionnaire was used for the adolescents.14 The
adolescents self completed the written questionnaire and the video
questionnaire15,16 at school. The key question used for assessing asthma
symptom prevalence for both age groups (‘current wheeze’) was: “Have
you (has your child) had wheezing or whistling in the chest in the last 12
months?”. The severity of asthma symptoms was assessed by three
questions that asked about the following symptoms in the last twelve
months: number of attacks of wheezing; sleep disturbed due to wheezing;
and wheezing severe enough to limit speech to only one or two words at a
time between breaths. The video questionnaire showed five scenes of
young people with asthma symptoms; wheezing at rest, wheezing with
exercise, waking with wheeze, waking with cough, and a severe attack of
asthma. The rhinitis questionnaire asked six questions, and ‘allergic
rhinoconjunctivitis’ was defined by positive answers to two questions: “In
the past twelve months have you (has your child) had a problem with
sneezing or a runny or blocked nose when you (your child) DID NOT
have a cold or the flu?”. If yes, “In the past twelve months has this nose
problem been accompanied by itchy watery eyes?”. The six eczema
questions included three from which the prevalence of atopic eczema was
assessed: “Have you (has your child) ever had an itchy skin rash which
was coming and going for at least six months?”. If yes: “Have you (has
your child) ever had this itchy rash at any time in the last twelve
months”?. If yes: “Has this itchy rash at any time affected any of the
following places: the folds of the neck, elbows, behind the knees, in front
of  the ankles, under the buttocks, or around the neck, ears or eyes?”.
Additional questions were used to describe the participant’s sex and
ethnic identity, by self or parental-reporting (European/Pakeha, New
Zealand Maori, Pacific Island and Others specified).
Data entry and analysis. Data were entered twice to reduce errors,
which were found to be less than 0.1%. Any inconsistencies were checked
against the questionnaire. Corrections were not made to the responses to
the symptom questionnaires, but obvious inaccuracies in date of
completion of the questionnaire were corrected and inconsistencies in
dates of birth and age were checked against data from the school and
corrections made. A cluster sampling method of analysis was used which
randomly sampled schools. The unit of sampling (schools) is therefore
not the same as the unit of analysis (pupils). Tests of significance and
confidence intervals were calculated with sample sizes appropriately
adjusted for cluster sampling, using a correction designed by Rao and
Scott,17 prior to analysis.

For each question, all respondents were separated into those with a
positive response and those with either a negative or missing response.
The prevalence of symptoms was compared, adjusted for gender, age and
ethnicity using logistic regression. As these analyses showed overall
significant prevalence differences between centres in children, and
because these differences were primarily due to the low prevalences in
Nelson, additional analyses were carried out comparing Nelson with the
other five centres. Data were analysed using chi squared analysis, to
determine whether more regional variation was present than would be
expected by chance and confidence intervals were calculated. Due to the
multiple analyses undertaken, a stringent significance level of p = 0.01 or
less was adopted prior to analysis.

There were seasonal differences in responses to questions on rhinitis
symptoms in the previous twelve months, suggesting a recall bias relating
to recency of symptoms,18  but this was not found for asthma or atopic
eczema. Since all centres collected data between May and August, but
only the three urban centres collected data outside that period, the
analysis for the allergic rhinits questionnaire comparisons were made only
for data collected between May and August. This excludes data from
about two-thirds of children and adolescents from Auckland, Wellington
and Christchurch, with only 3613 included in the analysis of the allergic
rhinitis questionnaire.

Results
The participation rate of schools was high, but varied
between centres (children 96-100%, adolescents 73-
100%).1 The sample chosen comprised 40 902 pupils,
20 356 children and 20 546 adolescents. Complete data
were available on 18 569 children, a response rate of 91%
(49.4% girls) and on 19 023 adolescents (53.3% girls), a
response rate of 93%. The participants are described in
Table 1.

The results from parents of children who returned the
questionnaire at the first issue (94.1%) were compared with
those who returned the questionnaire after the second or third
issue (5.8%). Using six criteria (current wheeze, asthma ever,
current nose symptoms, hay fever ever, current itchy skin rash,
and eczema ever), there were no differences in prevalence for
those responding  on early rather than late returns.

The main reason for schools refusing participation was the
pressure of curriculum. Among secondary schools in
Auckland, two schools which had already seen the video
questionnaire were excluded prior to enrolment. Common
reasons for pupil non-participation were absence from
school during study period (both age groups) and failure to
return the questionnaire (children only). Active refusal in
both age groups was rare. In the older age group, a minority
cited religious reasons for not participating, and in some of
these cases the written questionnaire was completed, but not
the video. Information on the ethnicity and sex of non-
participant children was obtained from school records. A
similar proportion of boys and girls were non-participants.
The proportion of non-participants was greater among
Maori (18.0%, 11.1%) and Pacific Island (19.2%, 6.0%)
than European (6.9%, 6.1%), children and adolescents
respectively.

Prevalences for symptoms in all centres were similar,
except that Nelson children generally had lower prevalences
(Table 2A and Table 2B). The relationship between current
wheeze and other symptoms is shown in Table 3.
Asthma symptoms. Children. The prevalence of ‘wheeze
in the last 12 months’ was high, with parents of 24.5%
children reporting this symptom (Table 2A). ‘Asthma ever’
was reported by 26.5% of the total sample. However, only
71.8% of those with current wheeze also reported ‘asthma
ever’ (Table 3). There were significant regional differences
seen for responses to most questions. Nelson had a
significantly lower prevalence compared to the other five
centres combined, at least 20% below the average for all
centres for most variables. Among children with current
wheeze, ‘asthma ever’ was reported slightly less often in
Nelson than other centres (66 vs. 72.3%). The proportion of
children with ‘asthma ever’ who had other symptoms ranged
from 71.8 - 89.0% (Table 4).
For severe wheezing 9% of all parents of children
reported, in the last twelve months, four or more attacks
of wheezing, 3.5% reported sleep disturbance due to
wheezing at least one night per week and 5.1% reported
wheeze severe enough to  limit speech to only one or
two words at a time between breaths. Of children with
current wheeze, about one third had >4 attacks in the
last twelve months, about one in seven had sleep
disturbed one or more times a week, and wheeze limited
speech in about one in five (Table 3).
Adolescents. The prevalence of wheeze in the last twelve
months was high, with about one in three adolescents
(30.2%) reporting this symptom (Table 2B). Asthma ever
was reported by 24.4% of the total sample. However, only
54.3% of those with current wheeze also reported ‘asthma
ever’ (Table 3). The only significant regional differences
seen for the written questions were responses to questions
about dry cough at night, sleep disturbed by wheezing one
or more nights a week, and ‘asthma ever’, with Nelson
showing a significantly lower prevalence for ‘asthma ever’.
Among adolescents with current wheeze, ‘asthma ever’ was
reported slightly less often in Nelson than other centres
(46.4 vs. 55.2%). The proportion of adolescents with
exercise wheeze who also reported ‘asthma ever’ was only
44.7%, but the proportion with other symptoms and
‘asthma ever’ ranged from 54.3 - 75.0% (Table 4).
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In the last twelve months, 9.9% of all adolescents reported
four or more attacks of wheezing, 3.2% reported sleep
disturbance due to wheezing at least one night per week and
8% reported wheeze severe enough to limit speech to only
one or two words at a time between breaths. Of adolescents
with current wheeze, about one third had >4 attacks in the
last twelve months, one in ten had their sleep disturbed one
or more times a week, and in one in four wheeze-limited
speech (Table 3).

For the video questionnaire (Table 2C), there were no
regional differences seen except for responses to one scene

showing a severe attack of asthma and asking “Has your
breathing ever been like this?” If yes: “in the last year?”
Hawke’s Bay was lowest and Wellington highest. A small
minority of thirteen to fourteen year old children (0.7%, all
from Wellington) had seen the video two years before. The
proportion of adolescents with ‘exercise wheeze’ or ‘night
cough’ who also reported ‘asthma ever’ was 45.5% and
38.3% respectively, but the proportion with other symptoms
and ‘asthma ever’ ranged from 60.0 - 65.7% (Table 4). The
video questionnaire showed lower prevalences than the
written questionnaire for most comparable questions.

Table 1. Study sample by region.

Centre 6-7 Year Age Group (Children)
Total Schools Children Participants Ethnicity (% of Participants)

Schools Sampled (%) Sampled (%)
European* Maori Pacific

Island

Auckland 369 47 (13) 3908 3526 (90) 63.5 16.7 19.8
Bay of Plenty 45 45 (100) 3090 2681 (87) 52.5 45.7 1.8
Hawke’s Bay 75 72 (96) 3612 3338 (92) 71.9 26.3 1.8
Wellington 144 83 (58) 4163 3838 (92) 71.7 16.3 12.0
Nelson 58 58 (100) 1917 1868 (97) 92.6 6.6 0.9
Christchurch 119 62 (52) 3666 3318 (91) 86.9 9.2 3.9
Total 810 367 (45) 20 356 18 569 (91) 72.2 20.2 7.6

Centre 13-14 Year Age Group (Adolescents)
Total Schools Children Participants Ethnicity (% of Participants)

Schools Sampled (%) Sampled (%)
European* Maori Pacific

Island

Auckland 75 13 (17) 3388 3206 (95) 65.8 14.7 19.5
Bay of Plenty 12 12 (100) 3178 2813 (89) 50.4 47.7 1.9
Hawke’s Bay 49 36 (73) 3672 3550 (97) 69.9 28.0 2.1
Wellington 34 23 (68) 4975 4424 (89) 72.0 15.9 12.1
Nelson 21 21 (100) 1990 1839 (92) 90.5 8.0 1.4
Christchurch 23 14 (61) 3343 3191 (95) 88.4 8.7 2.9
Total 214 119 (56) 20 546 19 023 (93) 71.9 20.7 7.4

*European includes participants identified as ‘other’ and participants with unknown ethnic origin.

Table 2A. Prevalence (%) of symptoms reported by parents of children.

Auckland Bay of Hawke’s Bay Wellington Nelson Christchurch Total P values
Plenty

All centres Nelson vs.
other centres

Asthma
Asthma symptoms in last
12 months

Wheezing 22.5 24.0 27.0 25.1 18.7 27.2 24.5 <0.001 <0.001
Wheezing with 14.8 15.9 17.7 16.9 13.2 19.2 16.5 <0.001 <0.001
exercise
Dry cough at night 27.5 28.9 30.7 31.1 21.1 32.2 29.2 <0.001 <0.001

Wheezing severely in last
12 months

Four or more attacks of 7.9 8.2 9.9 9.8 7.1 10.2 9.0 <0.001 0.003
wheeze
Sleep disturbed by 3.7 3.6 3.7 3.3 2.2 3.9 3.5 0.049 0.127
wheeze one or more
nights per week
Wheeze limiting 5.3 4.8 5.6 4.7 4.6 5.0 5.1 0.278 0.845
speech

Asthma ever 23.8 25.7 28.3 30.8 17.6 28.4 26.5 <0.001 <0.001

Allergic rhinitis
Allergic 9.8 8.7 9.4 10.4 7.5 11.2 9.7 <0.001 0.002
rhinoconjunctivitis
Activities disturbed a lot 1.8 1.3 0.8 1.2 0.5 0.6 1.1 0.199 0.129
by nose symptoms in last
twelve months
Hay fever ever 12.4 11.6 12.9 12.7 10.2 14.6 12.6 <0.001 <0.001

Atopic eczema
Atopic eczema 14.4 13.8 14.0 16.6 12.0 15.8 14.7 <0.001 0.171
Sleep disturbed by rash one 3.5 2.6 2.1 2.8 0.9 1.8 2.4 0.154 0.016
or more nights per week in
last twelve months
Eczema ever 22.3 24.5 27.7 30.6 24.4 28.8 26.7 <0.001 0.003
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Allergic rhinoconjunctivitis. Children. Symptoms of
allergic rhinoconjunctivitis in the last twelve months were
common with parents of 9.7% of children reporting this
symptom. There were significant regional differences seen
for ‘allergic rhinoconjunctivitis’ and ‘hay fever ever’, which
were lowest in Nelson. Nelson was also lowest for
disturbance of activities, but this was not statistically
significant. 6% of all children with allergic
rhinoconjunctivitis had their activities in the past twelve
months disturbed ‘a lot’ by their nasal symptoms.

Table 4. The proportion of pupils with symptoms who reported
‘asthma ever’ (%).

Written Questionnaire Children Adolescents
Current wheeze 71.8 54.3
Exercise wheeze 80.8 44.7
Four or more attacks 89.1 72.9
Sleep disturbed ≥1 night/week 80.4 75.0
Speech limited by wheeze 84.5 65.4

Video Questionnaire
Wheeze 60.0
Exercise wheeze 45.5
Night wheeze 65.7
Night cough 38.3
Severe wheeze 63.4

Adolescents. The prevalence of allergic rhinoconjunctivitis
in the last twelve months was high, with about one in five
adolescents (18.9%) reporting this symptom (Table 2B),
double the younger age group. There were no regional
differences seen except for ‘hay fever ever’, where Bay of
Plenty was lowest and Christchurch the highest. 5% of all
adolescents with allergic rhinoconjunctivitis had their
activities in the past twelve months disturbed ‘a lot’ by their
nasal symptoms.
Atopic eczema. Children. The prevalence of atopic eczema
in the last twelve months was high, with parents of about
one in seven children (14.7%) reporting this symptom.
There were significant regional differences seen for ‘atopic
eczema’ and ‘eczema ever’. Nelson was the lowest, 18% and
9% respectively below the average of all centres. Symptoms
of eczema which disturbed sleep at least one night a week
occurred in 14% of those with atopic eczema.
Adolescents. The prevalence of atopic eczema in the
last twelve months was high, with about one in eight
(12.7%) adolescents reporting this symptom. There were
no signif icant regional differences seen for any
responses. Symptoms of eczema which disturbed sleep at
least one night a week averaged 16% of those with
atopic eczema.

Table 2B. Prevalence (%) of symptoms reported by adolescents.

Auckland Bay of Hawke’s Bay Wellington Nelson Christchurch Total P values
Plenty

All centres Nelson vs.
other centres

Asthma
        Asthma symptoms in last

12 months
Wheezing 26.5 29.5 32.4 31.6 30.9 29.6 30.2 0.054 0.547
Wheezing with 36.1 39.4 42.4 41.1 43.3 40.3 40.3 0.018 0.017
exercise
Dry cough at night 29.7 31.3 33.2 30.3 26.3 27.4 30.0 0.003 0.129

Wheezing severely in last
12 months

Four or more attacks of wheeze 8.0 9.0 11.0 11.1 10.2 9.7 9.9 0.023 0.964
Sleep disturbed by 2.7 3.3 4.6 3.0 2.6 2.9 3.2 <0.001 0.651
wheeze one or more
nights per week
Wheeze limiting 8.1 7.1 8.6 8.3 8.2 7.5 8.0 0.239 0.450
speech

Asthma ever 22.9 22.3 25.7 26.3 20.2 25.9 24.4 <0.001 <0.001

Allergic rhinitis
Allergic 18.9 18.7 18.1 19.8 17.4 19.4 18.9 0.917 0.453
rhinoconjunctivitis
Activities disturbed a lot 1.3 1.7 1.4 1.6 0.4 1.2 1.3 0.011 <0.001
by nose symptoms in last
twelve months
Hay fever ever 33.7 32.6 38.2 37.3 36.1 40.4 36.6 <0.001 0.261

Atopic eczema
Atopic eczema 12.4 13.8 12.1 13.2 12.8 12.3 12.7 0.355 0.093
Sleep disturbed by rash one 2.8 3.5 3.0 2.3 2.0 2.3 2.7 0.959 0.958
or more nights per week in
last twelve months
Eczema ever 23.5 25.3 26.3 27.8 26.2 24.8 25.8 0.380 0.961

Table 2C. Prevalence (%) of positive responses to the video by adolescents.

Auckland Bay of Hawke’s Bay Wellington Nelson Christchurch Total P values
Plenty

All centres Nelson vs.
other centres

Prevalence in last year
Wheeze 16.3 18.6 19.5 19.5 19.0 17.4 18.4 0.032 0.110
Exercise wheeze 28.4 28.4 29.9 31.0 32.3 32.2 30.3 0.221 0.045
Night wheeze 11.3 11.4 12.7 12.2 10.5 11.3 11.7 0.235 0.381
Night cough 20.7 25.2 22.5 23.1 23.3 22.4 22.8   0.177 0.038
Severe wheeze 11.4 12.8 9.8 14.9 11.7 13.2 12.4 <0.001 0.643
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All three conditions. The population relationship between
symptoms in the last twelve months of asthma, allergic
rhinoconjunctivitis and atopic eczema shows that 36.1% of
children and 44.1% of adolescents had symptoms of at least
one condition, 10.5% of children and 14.7% of adolescents
had symptoms of at least two conditions, and only 2.3% of
children and 2.9% of adolescents had current symptoms of
all three conditions (Figure 1). Of all those with current
symptoms, two-thirds had symptoms of only one condition,
most commonly asthma. Among children with current
wheeze, ‘hayfever ever’ was reported in only 23.3% and
‘eczema ever’ in only 39.5% (Table 3), and for adolescents
the rates were 52.7% and 35.7% respectively. Among
children with current wheeze, atopic eczema was more
common than allergic rhinoconjunctivitis, but among
adolescents this relationship was reversed.

Discussion
This study has demonstrated that children and adolescents
in New Zealand have a high prevalence of symptoms of
asthma, allergic rhinoconjunctivitis and atopic eczema, and
that there are a large number who have severe symptoms.
Compared with the 55 other countries that undertook
ISAAC Phase One, New Zealand ranked among the top
twelve for all parameters,1-4 and the prevalence for each
condition was generally similar to other English speaking
countries. The prevalence and severity of these conditions is
remarkably similar among children and adolescents
throughout New Zealand, with the exception of the younger
(but not the older) age group of Nelson children who had
rates about 20% lower than in the other centres. ISAAC
used a standardised approach which ensured that the same
methodology was used in each participating New Zealand
centre, so results are comparable to the 56 countries that
participated in ISAAC Phase One. The questionnaires used
have incorporated questions taken from pre-existing
questionnaires with a  level of sensitivity and specificity
which is acceptable for the purposes of multicentre
comparisons.1-4, 14  The consistency of the ISAAC findings
within New Zealand, and with previous New Zealand
studies7-11 gives further confidence in the results.

The worldwide variation demonstrated by ISAAC Phase
One, other studies showing increasing prevalence of
symptoms with time, and migration studies all suggest that

Table 3. Proportion of children with current wheeze who have selected other symptoms (%) – winter only results for allergic rhinoconjunctivitis.

Auckland Bay of Hawke’s Bay Wellington Nelson Christchurch Total P values
Plenty

All centres Nelson vs.
other centres

6-7 Year Age Group (n=4557)
Four or more attacks of wheeze 32.7 33.2 36.2 38.7 37.7 36.8 35.9 0.153 0.598
Sleep disturbed one or 14.5 14.4 13.1 13.1 12.0 13.7 13.6 0.670 0.815
more times a week
Speech limited 21.8 19.3 20.2 18.7 22.9 18.2 19.8 0.241 0.027
Asthma ever 68.6 69.1 70.0 77.5 66.0 74.5 71.8 <0.001 0.011
Allergic rhinoconjunctivitis symptoms 23.7 21.4 20.7 16.9 26.0 22.5 21.5 0.082 0.035
Hayfever ever 27.3 21.3 22.6 18.6 29.7 25.0 23.3 0.039 0.040
Atopic eczema symptoms 26.9 22.5 23.9 26.6 24.6 24.4 25.0 0.377 0.363
Eczema ever 35.8 34.9 40.4 43.5 41.4 40.0 39.5 <0.001 0.490

13-14 Year Age Group (n=5742)
Four or more attacks of wheeze 29.5 30.3 33.3 35.0 32.0 33.0 32.5 0.486 0.607
Sleep disturbed one or 9.6 11.0 13.6 9.6 7.4 9.8 10.4 0.012 0.169
more times a week
Speech limited 28.9 22.1 25.3 26.1 25.8 24.8 25.5 0.277 0.508
Asthma ever 55.1 50.5 54.0 57.5 46.4 57.4 54.3 <0.001 <0.001
Allergic rhinoconjunctivitis symptoms 27.5 30.9 31.1 31.8 30.6 28.3 30.6 0.890 0.453
Hayfever ever 48.2 47.0 57.8 53.9 49.4 56.6 52.7 <0.001 0.101
Atopic eczema symptoms 20.7 20.7 18.8 19.8 21.3 19.8 20.0 0.274 0.081
Eczema ever 33.1 33.8 34.8 39.5 35.1 35.6 35.7 0.410 0.846

environmental factors are important. The uniformity of the
findings in New Zealand children and adolescents also
suggests that the high rates in New Zealand could be due to
exposure of the whole population to environmental factors
which can induce and perpetuate asthma and allergic
diseases in genetically susceptible individuals. The
explanation for the worldwide variations in prevalence,
including high rates in New Zealand, have been explored
with ecological analyses using the ISAAC Phase One data.
These studies have found a weak protective effect from
vegetables in the diet,19 immunisations,20 tuberculosis,21 and a
positive association with economic development,22 but no
association with climate.23 Further in-depth studies are being
done in ISAAC Phase Two which is being conducted in over
25 international centres, including Hawkes Bay, New
Zealand. This is assessing the relationship between
‘objective’ markers of asthma and allergies (lung function
testing, bronchial hyperresponsiveness, skin prick testing),
symptom prevalence, and genetic and environmental factors.

The proportion of children who had wheezing in the last
twelve months and also had ‘asthma ever’ was 72%, and in
adolescents the corresponding proportion was only 54%,
and Nelson had slightly lower rates in both age groups.
There may be several explanations for this apparent under-
diagnosis of asthma. Firstly, there may be genuine under-
diagnosis of asthma in both age groups, more marked in
adolescents, who may not see a doctor for their symptoms.
Secondly, parents, and especially adolescents may have
forgotten or even deny a previous label of asthma. Thirdly,
wheezing may reflect another diagnosis other than asthma,
such as bronchiectasis. Fourthly, in adolescents in particular,
normal breathlessness after exercise may be erroneously
reported as wheeze, supported by our finding of a
particularly low rate of ‘asthma ever’ reported in those with
exercise wheeze, on both the written and video
questionnaires. These observations warrant further
exploration.

Asthma, allergic rhinoconjunctivitis and atopic eczema are
generally regarded as atopic diseases with the underlying
assumption that the inflammatory response is similar among
the three conditions. However, this study demonstrated that
most children and adolescents with asthma do not have
symptoms or past history of allergic rhinoconjunctivitis or
atopic eczema, although there is some interrelationship
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between these conditions. The separateness of asthma and
eczema in New Zealand children has been previously noted
in Christchurch.24 The three conditions behave differently,
with the prevalence of asthma and allergic
rhinoconjunctivitis increasing with age, while the prevalence
of atopic eczema shows a small decline. These observations
suggest that the factors inducing and perpetuating the
inflammatory responses of asthma, allergic
rhinoconjunctivitis and atopic eczema, and even the nature
of the inflammatory response may be different between the
three conditions. There is evidence that asthma is increasing
in New Zealand,25-27 but we do not know if it is atopic or
non-atopic disease which is increasing, or both.

The younger age groups in Nelson showed lower symptom
prevalences of asthma, allergic rhinoconjunctivitis and atopic
eczema than the other centres. This finding is of interest
because of observations in 1982-84 that Nelson had the
lowest hospital admission rate in New Zealand6 (confirmed
in 1993 [NZ Health Information Service]) and second lowest
asthma mortality rate.5 There may be less diagnostic
labelling of disease in Nelson, although there is no direct

evidence that this has occurred. Other potential explanations
include different genetic influences or environmental
exposures. However, in contrast to the younger age group,
no significant differences were found between Nelson and
the other centres for adolescents. Furthermore, the national
survey of asthma symptom prevalence in adults13 found only
slightly lower prevalence of ‘current asthma’ in Nelson
(12%) compared with other electorates (15%). These
observations suggest the possibility that the findings
reported here for six to seven year olds may be due to
chance.

Our study has estimated that 25-30% of New Zealand
children and adolescents have symptoms of asthma, of whom
10-14% had ‘severe’ symptoms defined as sleep disturbed
due to wheezing one or more times a week. Other ‘severe’
symptoms were more common; 10-19% of children and
adolescents had allergic rhinoconjunctivitis of whom 5-6%
had severe symptoms; and 13-15% of children and
adolescents had eczema of whom 14-16% had severe
eczema. We did not collect data on the cost of treatments
for participants in this study. However, the total cost (direct
and indirect) of these conditions is high. The Asthma &
Respiratory Foundation of New Zealand in 1998
conservatively estimated that the direct and indirect costs of
asthma for the whole New Zealand population is $376
million or $835 per person with asthma. For allergic rhinitis,
the costs in New Zealand are not known, although costs
have been estimated in adults in the USA.28  The costs of
atopic eczema have recently been estimated in Australia,
from A$1142 per child with mild eczema to A$6099 per
child for a child with severe atopic eczema.29

In conclusion, ISAAC Phase One has demonstrated that
New Zealand children and adolescents have prevalences of
symptoms of asthma, allergic rhinoconjunctivitis and atopic
eczema among the highest in the world. However, in the six
centres studied within New Zealand, there were no regional
differences, except for lower rates in the younger age group of
Nelson children (but not adolescents). There were large
numbers of children and adolescents affected by each of the
three conditions. Symptoms of asthma were twice as common
as symptoms of allergic rhinoconjunctivitis and eczema, and
symptoms of asthma occurred most commonly without
reported symptoms of either of the other two conditions.
Further research is needed to explain the high rates of these
three conditions in New Zealand and other English-speaking
countries. Any strategies to reduce the prevalence or severity
of these conditions will have a large economic benefit to the
sufferers, their families and New Zealand.
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SPECIAL ARTICLE

The Decade of Bone and Joint, 2000-2010

Geoffrey Lamb, National Co-ordinator, Decade of Bone and Joint 2000-2010, New Zealand Orthopaedic Association,
Wellington.

NZ Med J 2001; 114: 120-1

In 1996, based on the perceived success of the Decade of the
Brain in terms of fostering interest and promoting research,
Swedish orthopaedists conceived the idea of a decade
devoted to musculoskeletal disease. After favourable
preliminary soundings, the International Steering
Committee for the Decade of Bone and Joint 2000-2010
was established and the Decade officially launched in
Geneva on 13 January 2000.

Over the past 20 years and more, a major focus of public
attention has been on the so-called killer diseases, heart
disease and cancer. There has been good reason for that
insofar as preventative measures can be taken to reduce their
incidence. But the downside has been the overshadowing of
other areas of health which account for no less a burden of
morbidity and misery in the community. The prime one of
these is musculoskeletal disease and the Decade of Bone and
Joint is intended to raise general awareness of this burden,
to empower patients to take greater responsibility for their
health and its management by educating the public, to focus
attention on the need to define more precisely the disease
entities, to emphasise preventive measures, and to seek out
more effective and more cost-effective therapies.

The Decade is intended to include all musculoskeletal
disease and to embrace all those groups (lay, professional,
industrial and governmental) which have an interest in this
burden of disease and its relief. A Consensus Meeting in
Sweden in 1998 began the global initiative by focusing on
four specific areas – arthritis, spinal disorders/back pain,
osteoporosis, and major trauma.1 Background information
which explains this choice includes the observations that of
chronic disability in the over 65 year olds, 50% is of
musculoskeletal origin,2 that back pain is the second most
commonly cited cause of loss of work time, that 40% of
women over 50 can expect to have at least one osteoporotic
fracture, and that, on present trends, by 2010 the cost to
developing countries of dealing with their major trauma will

equate to two to three times the total of their international
aid money and consume a quarter of their total health
budgets. But these form only part of the total burden – for
example there remain, worldwide, many crippling disorders
of children, depriving them of full development potential.
Prevention needs research more urgently than ever as
knowledge of the human genome increases, and treatment
needs refinement.

The goals of the Decade are:
• to raise awareness of the growing burden of

musculoskeletal disorders on society, especially in ageing
populations such as New Zealand’s

• to promote prevention of musculoskeletal disorders and
empower patients through education campaigns

• to advance research in prevention, diagnosis, and
treatment of musculoskeletal disorders

• to improve diagnosis and treatment of musculoskeletal
disorders.

Some practical goals for the Decade are:
• a 25% reduction in the expected increase in osteoporotic

fractures
• a 25% reduction in the expected increase in joint

destruction from joint diseases
• a 25% reduction in the expected increase of severely

injured people
• a 25% reduction in the expected increase in the indirect

health costs of spinal disorders.
To date, 25 countries including the United Kingdom,

USA and Australia, together with the World Bank, the
World Health Organisation, and the secretary-general of the
UN have officially endorsed the Decade of Bone and Joint
2000-2010. Each country organises, at the local level, a
National Action Network which has responsibility for co-
ordinating its activities. Such a Network has been formed in
New Zealand at a meeting in February 2000 with the active
support of professional organisations (orthopaedic surgeons,
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rheumatologists, physiotherapists, chiropractors), lay
groupings (Arthritis Foundation, Osteoporosis New
Zealand, New Zealand Amputees’ Federation, Haemophilia
Society, Pagets Disease Charitable Trust) and governmental
or quasi-governmental organisations (Ministry of Health,
ACC Healthwise, and the Artificial Limb Board).

The ‘wish list’ of the various participants could be grouped
under the headings Measurement of the burden, Education
both of the professions and the public, and Research. Some
fairly simple initial tasks have been started. The Decade was
officially launched in New Zealand in December 2000.

Measurement of the burden of disease is not easy. Primary
physicians indicate figures varying between 20-50% of
patient visits as being for musculoskeletal reasons. Official
New Zealand figures from the Ministry of Health, based
only on day-patient and inpatient discharges, place the cost
at $202million for the current year (personal
communication). But hospital based figures for
musculoskeletal morbidity are only the tip of an iceberg.
1995 figures from the USA list musculoskeletal complaints
as the number one category for chronic impairment and also
the number one cause of visits to physicians, accounting for
over 130 million visits and a total cost of US$215billion in
that year alone.3

A serious attempt to measure the present extent of
community morbidity in New Zealand is necessary if we
hope to compare musculoskeletal health in 2010 with that
in 2000. In Geneva in January 2000, a two day Scientific
Group Conference was held under the auspices of the

World Health Organisation on The Burden of
Musculoskeletal Disease at the Start of the New
Millennium, the results of its deliberations being due for
publication in the near future. To be comparable, our
system of measurement may need modification. The
Decade of Bone and Joint 2000-2010 initiative is worthy
of support from the whole community since it aims to
lessen the morbidity which the musculoskeletal disorders
cause, a degree of disability far greater than is registered
by the inadequate measurement indices we use. This
burden is expected to rise with the ageing of the
population. The National Action Network welcomes
support and input from any interested party and hope
that, acting as an umbrella organisation, it can foster a co-
operative endeavour from a wide assortment of people
who may not have had the opportunity to work together
before. The greater the mass, the greater the momentum.
Expressions of support or interest are solicited from
members of the profession, from patient support groups,
and from the sections of industry which service this
particular area of medicine.
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No sweat for surgeons
A sweating surgeon is more likely to contaminate the surgical field than a non-sweating surgeon, according to a recent study
from New Zealand. Ten male surgeons were asked to scrub, gown and glove in the usual manner and perform a mock hip joint
operation in a sterile operating theatre. They were then asked to leave the theatre and ride an exercise bike until beads of sweat
were visible on their foreheads. After changing into clean dry apparel and scrubbing, gowning and gloving in exactly the same
manner as before, they performed the mock operation again, under identical conditions. Petri dishes placed in the operating
field were incubated for seven days. The mean colony count for the sweating phase was three times greater than for the non-
sweating phase (6.9 vs 3.3), and organisms grown were all normal skin flora. These results suggest that sweating may increase
shedding of normal skin flora by the surgeon and is of particular importance in orthopaedics, where infections in joint
replacements are often caused by organisms normally found on skin.

Aust NZ J Surg 2000; 70: 837-8.

Drive for more genomes threatens mouse sequence
Mouse geneticists are expressing concern that completion of the mouse genome sequence could be delayed because of
increasing pressure to sequence the genomes of other animals. The doubts were voiced at a recent workshop organized by the
National Institutes of Health (NIH) to set priorities for resources for mouse genetics and genomics.

The mouse was selected two years ago as the second mammalian species, after humans, to have its genome sequenced both
by a public consortium led by the NIH and by the private company Celera. This is because the mouse is widely considered to
be the best-understood species genetically.

The number of mutant mouse strains is growing rapidly. These are being generated using technologies that ‘knock-out’
targeted genes and by random chemical-mutagenesis screens, where mice are exposed to a mutagen and those displaying
interesting new traits are selected for breeding. Many of these mutant strains are potentially important models for human
disease, and accurate information about their gene sequences will help to unravel the molecular bases of these diseases.

Within the past year, the NIH has set up 10 centres to sequence the mouse genome, and plans to divert capacity in human
genome sequencing centres over to the mouse as the human genome nears.
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NUTRITION SPECIAL

The National Nutrition Survey. Introductory Comments

Jim Mann,  Professor in Human Nutrition and Medicine, University of Otago and Chairperson, Food and Nutrition
Advisory Committee, Ministry of Health.

The importance of appropriate nutrition to achieve optimum
growth potential and to maintain good health has never been
questioned. More recently experimental, observational and
clinical trial data have confirmed the role of energy imbalance
and inappropriate intake of several macro- and micronutrients
as pivotal promoting or protective factors in the aetiology of
the most important epidemic diseases of relatively affluent
societies – obesity, type 2 diabetes, cardiovascular disease and
some cancers. Regular surveys of food and nutrient intakes and
selected clinical and laboratory measures of nutritional status
are widely acknowledged as essential components when
monitoring the health status of a population, food security, and
the success of prevention programmes aimed at reducing
nutrition related diseases. The first New Zealand National
Survey 1977 focussed primarily on factors related to coronary
heart disease.1 The second, twelve years later, was sponsored
principally by the Hillary Commission and therefore focussed
mainly on physical activity and leisure patterns but also
included a 24 hour diet recall, food frequency questionnaire,
anthropometric and blood lipid measurements.2 The 1997
National Nutrition Survey commissioned by the Ministry of
Health and conducted by a University of Otago team has
broken new ground. The Survey has utilised several novel
methodologies and has been widely acknowledged for its
exemplary conduct (GH Beaton, personal communication).
Highlights of the findings have recently been published in a
Ministry of Health report3 but that document did little more
than scratch the surface of the huge body of data which were
gathered in the survey of 4636 New Zealand residents. The
data are now available for more detailed analysis by the wider
research community. These six papers which follow represent
the first in a series of such analyses and provide ample
justification of the worthwhileness of such surveys.

Following a description of the novel aspects of
methodology, Wilson and colleagues present the
anthropometric data which confirm the now well-aired and
alarming statistics regarding the dramatic increase in
prevalence of obesity (body mass index greater than 30) in
New Zealand. An increase in rates from 9.5 to 14.7% in men
and 12.6 to 19.2% in women over a nine-year period
suggests this to be one of the most important public health
issues of our time. Skeaff et al speculate on possible
explanations for the discrepancy in the cholesterol levels in
men and women, though the overall downward trend is
encouraging, suggesting that the message to reduce
saturated fat intake is being heeded.

There have been a number of reports based on selected
population groups to suggest that iron deficiency may be a

significant clinical problem in some sections of the
population. The findings reported by Ferguson and
colleagues are based on dietary data and several
biochemical indices of iron status and suggest that about
130 000 New Zealand women aged 15-49 years have
suboptimal iron status. Given the important functional
consequences of even mild iron deficiency, these data
highlight a public health need that has thus far received
insufficient attention.

The extent to which lack of dietary calcium contributes to
the aetiology of osteoporosis remains controversial, but most
authorities would agree that an adequate intake at the age
that peak bone mass is achieved is important. The paper by
Horwath et al is relevant not only because it draws attention
to the high prevalence of inadequate intakes but also because
it highlights the very simple way in which doctors and other
health professionals can encourage dietary practices which
might remedy the situation.

The final paper, by Parnell and colleagues, makes
depressing reading. They show clearly that food insecurity
(defined as existing “whenever the availability of nutritionally
adequate, safe foods or the ability to acquire personally
acceptable foods in socially acceptable ways is limited or
uncertain”) is a reality for many New Zealand residents.

In summary, this collection of papers represents important
reading for all those interested in the health of New
Zealanders. Their content emphasises the role of lifestyle
(diet and exercise) factors as important determinants of
public health in this country and the challenge to those
responsible for health promotion. However, the problem is
clearly much more complex than simply advising people to
take more exercise and to eat more sensibly, even if the
techniques for achieving such changes had been conclusively
established. Many people appear for social or economic
reasons to not be in a position to make the necessary
changes and these findings have huge political implications.
The Ministry of Health is to be congratulated on having the
foresight to commission this Survey and the investigators for
its meticulous conduct. What is now required is action and a
further survey in 5-10 years time to determine the extent of
change.
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Methodology of the 1997 New Zealand National Nutrition Survey

Winsome R Parnell, Senior Lecturer, Department of Human Nutrition, University of Otago; Noela C Wilson,
Research Fellow; David G Russell, Professor, LINZ® Activity & Health Research Unit, University of Otago, Dunedin.

Abstract

Aims. To describe the development and use of the
methodologies in the 1997 New Zealand National
Nutrition Survey (NNS97).
Methods. NNS97 was a voluntary cross-sectional
population survey conducted over a twelve month period
on 4636 non-institutionalized urban and rural New
Zealand residents aged fifteen years and older. Survey data
were collected in the participants’ home and included: a
self-administered qualitative food frequency questionnaire,
including questions on food preparation habits; a three-
pass 24-hour diet recall; interviewer-administered
questions on dietary supplement use, barriers to dietary
change and participant perception of household food
security; physical measurements including weight, height,
three circumferences, two skinfolds and elbow breadth;

blood pressure; and a blood sample to determine
cholesterol and iron status.
Results. New methodologies developed for NNS97
included a computer based interview system, probability
analyses for estimating prevalence of inadequate intake of
selected nutrients, determination of iron status by both
dietary and biochemical assessment, assessments of dietary
supplement use and food security. A full range of quality
control procedures at each stage of the data collection were
also initiated.
Conclusion. NNS97 has improved on previous New
Zealand national nutrition survey methodologies,
particularly with direct data capture and rigorous quality
control procedures used in the collection of survey
data .

NZ Med J 2001; 114: 123-6

National nutrition surveys have been conducted in several
countries using a variety of methodologies. Several factors
affect the choice of methods used including survey
objectives, the detail and precision needed to study relevant
problems effectively, the population to be studied and the
scientific and financial resources available. Aims of the 1997
New Zealand National Nutrition Survey (NNS97) included
investigation of possible relationships between nutrient
intake and selected health measures, provision of detailed
information on the range and distribution of intakes of foods
and nutrients within the adult population, and
documentation of the prevalence of food security and
barriers to achieving dietary change.

There have been two national nutrition surveys in New
Zealand. The first, the 1977 National Heart Foundation
Survey (NHF77)l focussed on coronary heart disease risk
factors. The second, the 1989-90 Life In New Zealand
Survey (LINZ89) was conducted over a twelve month
period,2 and focussed on physical activity and leisure patterns
but included a 24-hour diet recall and anthropometric
measurements in a subsample. A comparison of the surveys
is provided in Table 1.

Methods-Results-Discussion
Sample. NNS97 was a voluntary survey conducted on a
subsample of the 1996/97 New Zealand Health Survey
(NZHS)3 over a twelve month period to take account of
seasonal variation in food intake. An area based sampling
frame was used based on 18 000 small geographic areas
called primary sampling units (PSUs). Most PSUs contain
between 50 and 100 dwellings, with an average size of 65
dwellings per PSU. A three stage stratified design consisting
of a selection of PSUs, households within the selected PSU
and a single randomly selected participant within the
household.4 The sample of 4636 was drawn from rural and
urban areas across New Zealand but was restricted to
persons fifteen years and over, living in private dwellings.
Increased sampling of New Zealand Maori and Pacific
people occurred with the aim of achieving adequate numbers
to enable description of ethnic subgroups. The response rate
for the NZHS was 73.8% of whom 80.2% agreed to be
contacted by the Survey Provider (University of Otago) for

the NNS97. In turn, 84.7% of those who agreed to be
contacted actually participated. The overall response rate
was therefore 50.1%.
Demographics. Demographic information was collected
during the NZHS.3 Ethnic group was self-reported. Where
only one ethnic group was given by the participant, that
category was coded. In cases where a participant reported
they belonged to more than one ethnic group, a single
ethnic category was assigned  based on the following
hierarchical rules: first, if New Zealand Maori was one of the
groups reported then the participant was assigned to New
Zealand Maori; second if one of the groups reported was a
Pacific group, that participant was assigned to Pacific people;
third, all remaining participants were assigned to New
Zealand European and others. Socioeconomic status can be
classified according to the 1996 NZ Index of Deprivation
(NZDep96).5 This is an area-based index assigned to the
residential address of the individual and is derived by
principal component analysis of nine variables from the 1996
Census relating to the PSU, representing eight domains:
income, access to a car, living space, home ownership,
employment, qualifications, support, access to a telephone.
For NNS97 the NZDep96 scores were collapsed into
quartiles, where quartile I represents the least, and quartile
IV the most, deprived area. Thus, while the index applies to
the area that the person lives in and not the person, this
variable has been used as a proxy for individual
socioeconomic status.5
Ethical Approval. The fourteen ethics committees
throughout New Zealand granted ethical approval for the
survey. Participation in the survey was voluntary, and
written consent was required before the interview began
from the participant or from the guardian of participants
under eighteen years of age.
Methodologies. The survey data collected in the homes of
participants included:
• a self-administered qualitative food frequency

questionnaire (QFFQ) to estimate the frequency of food
consumption over the preceding twelve months. This
questionnaire also included questions on food
preparation habits. It was developed from those used in
LINZ89, was adjusted to reflect current food patterns,
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and tested for acceptable repeatability over a three week
time period during pilot testing.

• a three-pass 24-hour diet recall;
• questions on dietary supplement use;
• questions on barriers to dietary change;
• self-assessment of household food security;
• physical measurements including weight, height, three

circumferences, two skinfolds and elbow breadth;
• blood pressure; and
• blood sample for determining cholesterol and iron status4

Methodological Advances. [A] Computer-Based Interview
and Data Recording System. All data collected during the
interview were directly captured onto a laptop computer
(apart from the qualitative food frequency questionnaire
which was manually completed and electronically coded). A
computer software package called the LINZ® Electronic
Dietary Data Acquistion System (LEDDAS©) was developed
by the University of Otago. This programme had the
following advantages over conventional written recording
systems:
1. Direct data entry which eliminated the need for coding of

data.
2. Questions had to be answered sequentially ensuring the

data set was as complete as possible.
3. Each question was asked the same way by multiple

interviewers.
4. The computer automatically prompted the interviewer to

the next appropriate question.
5. Multiple interviews were stored on a single floppy disk

facilitating accurate data transfer.
[B] 24-hr Diet Recall. There were several methodological
modifications in this survey designed to improve the quality
of the data compared with previous New Zealand nutrition

surveys. A particular aim was to minimise under-reporting.
1. Three-Pass Approach. The two previous New Zealand
surveys1,2 used an activity-associated diet recall that utilised a
one-pass approach only. NNS97 incorporated a three-pass
approach adapted to a data entry system from the paper and
pencil method of the Australian National Nutrition Survey6

that was based on a similar written method used in the
USDA Continuing Survey of Food Intakes of Individuals
1994-96.7 The three-pass approach involved, first, a quick
list, second, a detailed description and finally, a review. This
provided more opportunity than the one-pass approach to
recall foods eaten.
2. Location of Interview. As in the NHF77 survey1

interviews were conducted in the homes of the participant to
allow a more precise description of foods consumed and,
particularly, of preparation methods. For example, if a
participant consumed prepared cereal, the volume consumed
could be measured by pouring an equivalent volume of dried
beans into the appropriate bowl. The specific cereal
consumed was recorded by bar coding if the packet was
available. The specific type of milk added to the cereal could
be determined from sighting or bar coding the container
rather than remembering or guessing. Further, other
household members could help with descriptions of
prepared foods: for example, recalls that fruit was stewed and
artificial sweetener added.
3. LEDDAS©. Unlike the earlier New Zealand surveys,1,2 the
Australian Survey6 and the USDA Continuing Survey of Food
Intakes of Individuals7 that used written recording methods and a
reference manual for probe questions, the use of computer
prompting ensured that the appropriate probes were always
asked for each food. For example, if milk was recorded on the
quick list, details were elicited in the second pass by commencing

Table 1. Comparison of National Nutrition Surveys in New Zealand.

NHF77 LINZ89 NNS97

Funding Body National Heart Foundation Hillary Commission & Ministry of Health
& Others Others

Service Provider University of Otago University of Otago University of Otago

Sampling Frame Area-based Electoral Roll Area-based

Data Collection Period 6 weeks 12 months 12 months
Sept-Nov 1977 Apr 1989-Mar 1990 Dec 1996-Nov 1997

Numbers in Survey
24 hour diet recall
  Males 858 796 1927
  Females 1080 906 2709
Anthropometry
  Males 809 1592 1870
  Females 1009 1812 2548
Blood Analysis
  Males - 1234 1484
  Females - 1363 1885

Age Range (Years) 20-64 15+ 15+

Location of Interview Local clinics Local clinics Participant’s home

Methodology
24 hour diet recall yes yes yes
FFQ no yes yes
Anthropometry
  Height yes yes yes
  Weight yes yes yes
  Circumferences Upper arm Hip, waist, upper arm, calf Hip, waist
  Skinfolds Triceps, subscapular Triceps, subscapular, Triceps, subscapular

suprailiac, calf
  Breadths no Humerus Humerus
Blood Analysis
  Lipids no Total cholesterol, HDL, Total cholesterol,

LDL, triglycerides HDL
  Iron no no Hb, Ferritin, Zn protoprophyrin

to Haem ratio
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with the question “Was the milk fresh, dried or evaporated”. If
the answer was “fresh”, subsequent questions elicited either the
brand name or category of fat level. A bar coding option was also
presented. Clearly there were participants who could not always
identify these details, particularly when the food was consumed
outside their own home. In these instances the food type was
classified as ‘not specified’. At the completion of the survey
generic nutrient lines for foods ‘not specified’ were devised on
the basis of the data collected from participants who were able to
specify the detail.
4. Data Checks. These were more rigorous than in previous
New Zealand surveys.1,2 Following completion of the data
collection, all results were checked by the interviewer within
24 hours of the interview. The team leader then checked the
interview for: the use of generic terms such as ‘fruit’ or
‘meat’; completeness of brand and product information; food
combination (what was added to food in a discretionary
fashion by the participant just prior to consumption); and
recipe details. Any discrepancies or incomplete descriptions
were referred back to the interviewer and noted on a hard
copy. Both disk and hard copy were then sent to the Project
Office where all data were checked by one of a team of four
nutritionists following detailed editing guidelines. The most
frequent issue which arose was the need for clarification
(from the interviewer) of a food descriptor. Any
modifications were then noted and the electronic datafile
appropriately edited. A random selection of 10% of edited
diets was checked for sense and completeness by a
nutritionist, independent of the checking and editing teams.
Few errors were identified.
5. Control of Intra-Interviewer Variability. The data capture
system earlier described reduced to a minimum the
possibility of intra-interviewer variability. The programme
controlled the progression of probing. During the twelve
months of the survey each interviewer completed up to five
test diets. The purpose of these diets was to assess
interviewer’s abilities to accurately interpret and enter
information on food descriptions, amounts consumed and
recipes used, and to avoid personal bias and assumptions.8

This also reduced the need for Project Office ‘call back’ for
clarification of recording.
[C] Dietary Supplements. As no previous attempt had been
made to ascertain the use of dietary supplements in the New
Zealand population a method was devised for collecting and
categorising these data. Supplements available on the market
(excluding those through pyramid selling schemes) were
categorised into either vitamin and mineral supplements or
other dietary supplements. The latter might contain
vitamins and minerals but were predominantly natural
products of variable and often unknown composition.
Manufacturer-reported composition was obtained for 397
products, and generic nutrient lines for five commonly
consumed vitamins and minerals were devised.9 In addition,
the frequency and dosage of intake were recorded and
whether the supplement was taken occasionally/episodically,
regularly or in the previous 24 hour period (ie the same
period as the diet recall). LEDDAS© enabled product bar
coding for accurate product identification.
[D] Iron Status. NNS97 was the first attempt in New
Zealand to assess prevalence of low iron stores, iron
deficiency and iron deficiency anaemia in the population. In
previous surveys1,2,6 comparisons of dietary iron intake with
recommended levels of intake have been an unsatisfactory
surrogate for estimating iron status. It is difficult to set
appropriate recommended levels of iron intake because of
the variability in absorption/bioavailability from food and
food mixtures and, for women, to take account of variable
losses during menstruation.10 Biochemical measures give a

more direct picture of iron status than that obtained from
dietary assessment.11

[E] Food Security. ‘Food Security’ is a relatively recent term
used in developed countries that refers to the accessibility of
affordable, safe, nutritionally and culturally appropriate
food. From five main themes within the overall concept of
food insecurity (inadequacy, coping strategies, alternative
sources of food and cultural issues), eight food security
indicators or statements were developed. Participants were
asked to respond to each of these eight statements as they
applied to their household or to themselves if they were a
one-person household. These data are reported by Parnell et
al.12

[F] Adjustment of Nutrient Intake Data to Estimate Usual
Intake. An individual’s daily food intake varies widely. Thus,
the variance of the distribution of a population’s intake of a
given nutrient expressed by the 24-hour diet recall
methodology, which assesses intake on only one day, will
tend to be overestimated. However, by repeating a 24-hour
diet recall on a subset of the sample then adjusting the
variance of the population estimate of that nutrient’s intake
on the basis of the estimated intra-individual variability, the
usual intake-distribution of the population can be estimated.
For the first time in a New Zealand survey repeat 24-hour
diet recalls (n=695) were completed within three weeks of
the first recall and on a different day of the week, to estimate
the intra-individual variability in nutrient intake. The
variance of usual intake for each demographic group was
then calculated. Because the distribution of intakes of
nutrients is generally non-normal it was normalised before
adjusting for intra-individual variation using C-SIDE
software (Software for Intake Distribution Estimation)
developed at Iowa State University.13,14 It was, therefore,
possible to compare the distribution of ‘usual intake’ of each
population subgroup with the corresponding ‘requirement
distribution’ for particular nutrients. This comparison
allowed an estimate of the ‘probability of inadequate intake’
for the group under consideration.10,15 Lower levels of ‘usual
nutrient intakes’ for a population subgroup are associated
with a higher probability of inadequacy as they are less likely
to meet the requirement. The ‘estimated average
requirements’ from the UK Dietary Reference values were
used because they uniquely document the mean
requirements (with the exception of some FAO/WHO
reports)16 allowing probability analysis for: vitamin A,
riboflavin, folate, vitamin B12, vitamin C, iron, calcium and
zinc. While estimates of mean requirement are available for
thiamin, niacin and vitamin B6 it was not possible to
perform probability analysis on these nutrients as the
requirement is expressed as a ratio with energy or another
nutrient. The current C-SIDE programme does not allow
for ratios to be adjusted for intra-individual variation.13

Further quality control procedures. In addition to
procedures associated with particular methods described
above, the following quality control procedures were used:
1. Regional Supervisors. Quality control was their primary

responsibility. They were required to assist with an
interview for each interviewer in their area every six to
eight weeks or when the Project Office so requested.
They provided a verbal and written report to both the
interviewer and to Project Office identifying any
potential problem areas eg failure to standardise scales.

2. Interviewers. Two field staff were involved in each interview
to enhance the quality of data collected and because of safety
and security. During the 24-hour diet recall the second
interviewer checked the participants self-administered
QFFQ, and any inconsistencies and errors were subsequently
clarified. One interviewer took anthropometric measures
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while the other entered data on the computer. To avoid
interviewer bias the full set of anthropometric measurements
were taken and then repeated for a second and, if necessary, a
third time. (This also helped reduce the effects of skinfold
compressibility.) Interviewers worked with different partners
to help avoid habitual errors. Where possible, interviewers
switched between regions to reduce the possibility of regional
differences.

3. Staff training. Further training on five separate occasions
followed the initial two-week intensive training session
before the survey commenced. These training sessions
were conducted regionally. Individual feedback to
interviewers was provided during these sessions on all
aspects of their work, including personal presentation
and interpersonal skills.

4. Review of interview data (anthropometric, QFFQ,
barriers to change, food security). As the interview data
were returned to the Project Office all information was
reviewed. Full details of these procedures are available.8

5. Equipment calibration. Sixteen different sets of
equipment (scales, stadiometers, calipers etc) were used
in the Survey. Each item within each set was calibrated
prior to the start of testing and bi-monthly during the
survey, with the exception of scales which were calibrated
prior to each use.

Conclusions. NNS97 has improved on previous New
Zealand national nutrition survey methodologies, particularly
with direct data capture and rigorous quality control
procedures used in the collection of survey data. In addition,
data have been collected for the first time in New Zealand on
biochemical iron status, food security and the use of dietary
supplements.
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Obesity and body fat distribution in the New Zealand population
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Abstract

Aims. To report the current prevalence of obesity and
body fat distribution in the New Zealand population and to
determine if there is a trend to increasing obesity and
changes in body fat distribution.
Methods. Body weight, height, two skinfolds (triceps and
subscapular), and waist and hip circumferences were measured on
4420 New Zealanders as part of the 1997 National Nutrition
Survey (NNS97). These results are compared with data from the
1977 National Heart Foundation Survey (n=1800) and the 1989
Life in New Zealand Survey (LINZ89) (n=3300).
Results. 35% of the population (40.4% males, 30.1%
females) were classified as overweight and a further

17% as obese (14.7% males, 19.2% females) in NNS97
compared to 32% overweight and 11% obese in
LINZ89. Body weight and body mass index have
increased in the last two decades. In addition, there has
been an increasing trend towards central obesity as
estimated by waist to hip ratio and subscapular to
triceps ratio.
Conclusions. The increase in body weight, obesity, central
obesity, and the proportion of the population likely to
exhibit health risk indicators presents an increasing health
problem in New Zealand.

NZ Med J 2001; 114: 127-30

Obesity has been defined as a disease in which excess body
fat has accumulated to the extent that health is adversely
affected.1 Obesity is associated with significant health
problems,2 appreciable health costs3 and increased risk of
early death4 in the New Zealand population. The level of
obesity in New Zealand was considered of concern in 1989.2

If overseas trends of increasing obesity are mirrored in New
Zealand, obesity levels should be considered a major public
health issue. Two previous national surveys have been
undertaken in New Zealand which allow body size trends
over a 20 year period to be investigated. The first, the
National Heart Foundation Survey (NHF77), in 1977,5

included anthropometry and a range of measures that
focussed on coronary heart disease risk factors. The second,
the Life in New Zealand Survey (LINZ89) was conducted
over a 12-month period in 1989-19906 and focussed on
physical activity and leisure patterns but included
anthropometric measurements on a subsample. In these
surveys Body Mass Index (BMI), a simple, inexpensive, safe
and practical indicator of excess weight,7 has been used to
classify overweight and obesity.1 The purpose of this paper is
to report the prevalence of obesity in the New Zealand
population from the 1997 National Nutrition Survey
(NNS97) data and to determine if there is a trend to
increasing obesity through comparison with results of
previous surveys.

The distribution of body fat (particularly the size of deep
abdominal fat deposits) is considered to be more closely related
to the major cardiovascular and metabolic health risks associated
with body composition than high levels of body fat per se, or
excess weight.8 Skinfold thickness is a measure of subcutaneous
fat and when summed over several sites provides an estimate of
overall fatness.9 The location of body fat can be determined from
trunk to limb skinfold ratio10 and the waist to hip circumference
ratio.11 A secondary purpose of this paper was to compare the
results of the national surveys for evidence of changes in body fat
distribution in the New Zealand population.

Methods
The NNS97 survey design, recruitment procedures and details about the
methodologies are reported by Parnell et al12 in this issue of the Journal.
Interviewers were trained and monitored13 to undertake up to three
anthropometric measurements of height, weight, skinfold thickness
(triceps, subscapular) and circumferences (waist, hip) following the
procedures of Lohman et al.14 The value was calculated for each

individual as the mean of the two closest measurements. Data were
entered directly onto a laptop computer by an assistant using the
LEDDAS© software.12 Measurements were made on the right hand side
of the body whenever practical.

Height was measured without footwear using a portable stadiometer
designed and built by the University of Otago. Two measurements were
made to the nearest 0.1 cm. If these measurements differed by more than
0.5 cm a third measurement was taken. Weight, in light clothing, was
measured on Seca digital platform scales (Model 770, Alpha) to the
nearest 100 g with a maximum measurable weight of 200 kg. The
reported data were corrected for a clothing weight of 1.2 kg based on
weight measurements of clothing typically worn by participants. Scales
were calibrated with a standard weight prior to each interview. Two
measurements were taken and if these differed by more than 0.5 kg a
third measurement was taken. Triceps and subscapular skinfold
thicknesses were measured with Harpenden callipers. Measurements were
made to the nearest 0.1 mm. Two measurements were made at each site
and if they differed by more than 0.5 mm a third measurement was taken.
Skinfolds exceeding 40 mm were considered as estimates and were cross
validated by regression analysis using other anthropometric variables.

Body Mass Index (BMI = weight/height2) was used as the indicator of
overweight and obesity with different cut-off criteria used for Maori and
Pacific people (Table 1).

Table 1. BMI Classifications.

NZ
Classification Description European Maori, Pacific

& Others people*

1 Underweight <18.5 <19.5
2 Normal weight 18.5 <25 19.5 <26
3 Overweight 25 <30 26 <32
4 Obese I 30 <40 32 <42
5 Obese II 40+ 42+

*Swinburn et al.23

For the NNS97 survey population estimates were adjusted to the 1996
New Zealand census for gender, age and ethnicity using the general
statistical package STATA 6.0 adjusting for the complex survey design.
When comparing subgroups within and between surveys, differences
between subgroups were considered to be significant at the p<0.05 level if
the limits of the 95 percent confidence intervals surrounding the two
estimates did not overlap.

Results
Anthropometric measurements were made on 4420
participants (1872 males, 2548 females). Included in this
sample were 650 Maori (256 males, 394 females) and 273
Pacific people (105 males, 168 females).
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Height, weight and BMI; (Table 2). For males, the mean
height was 175.3 cm and the mean weight was 80.4 kg. For
females, mean height was 162.2 cm and mean weight was
68.7 kg. Males and females were tallest in the 19-24 year
group. Mean BMI for males and females was similar (26.2 vs
26.1). Mean weight and BMI were greatest in the 45-64 year
group for both males and females (84.6 kg, 27.6 and 72.7 kg,
27.9 respectively).

Table 2. Height, Weight and BMI (Mean and 95% confidence limits).

Males Ht (cm) Wt (kg) BMI (kg/m2)

15-18 174.9 (173.1-176.8) 71.2 (67.0-75.5) 23.2 (21.9-24.4)
19-24 177.4 (176.0-178.9) 77.9 (75.2-80.7) 24.8 (24.0-25.6)
25-44 176.4 (175.8-177.0) 81.5 (80.1-82.8) 26.1 (25.8-26.5)
45-64 174.9 (174.1-175.8) 84.6 (83.0-86.2) 27.6 (27.2-28.1)
65-74 171.9 (170.9-172.9) 78.6 (76.8-80.4) 26.6 (26.0-27.1)
75+ 168.2 (166.9-169.5) 71.8 (69.8-73.8) 25.3 (24.7-25.9)
15+ years 175.3 (174.8-175.7) 80.4 (79.6-81.3) 26.2 (25.9-26.4)

Females Ht (cm) Wt (kg) BMI (kg/m2)

15-18 163.3 (162.1-164.5) 61.4 (58.1-64.7) 23.0 (21.8-24.2)
19-24 164.6 (162.8-166.3) 67.8 (64.8-70.8) 25.0 (23.9-26.1)
25-44 163.6 (163.0-164.1) 68.6 (67.4-69.8) 25.7 (25.2-26.1)
45-64 161.5 (160.9-162.2) 72.7 (71.3-74.2) 27.9 (27.4-28.4)
65-74 159.0 (157.9-160.1) 68.8 (66.9-70.6) 27.2 (26.5-27.9)
75+ 156.4 (155.3-157.6) 62.5 (60.2-64.8) 25.5 (24.6-26.4)
15+ years 162.2 (161.9-162.6) 68.7 (67.9-69.5) 26.1 (25.9-26.4)

Fat mass and location of fat mass; (Table 3). The mean
sum of triceps and subscapular skinfolds (SSF) was 32.1 mm
in males and 48.3 mm in females. Similar to weight the
highest mean SSF was in the 45-64 year group for both
males (35.7 mm) and females (55.4 mm). Central fat was
greater in males than females as estimated by both waist:hip
ratio (WHR) (0.90 vs 0.78) and subscapular:triceps ratio
(STR) (1.38 vs 0.93).

Table 3. Fat Mass and Location of Fat Mass (Mean and 95%
confidence limits).

Males SSF* (mm) WHR† STR‡

15-18 26.2 (21.8-30.6) 0.81 (0.80-0.83) 1.01 (0.94-1.08)
19-24 26.3 (24.1-28.5) 0.84 (0.83-0.85) 1.20 (1.13-1.27)
25-44 32.7 (31.3-34.2) 0.89 (0.88-0.89) 1.38 (1.33-1.43)
45-64 35.7 (34.0-37.4) 0.94 (0.93-0.95) 1.50 (1.45-1.56)
65-74 32.4 (30.3-34.4) 0.95 (0.94-0.96) 1.58 (1.50-1.67)
75+ 30.8 (28.6-33.0) 0.95 (0.93-0.96) 1.45 (1.34-1.57)
15+ years 32.1 (31.3-33.0) 0.90 (0.89-0.90) 1.38 (1.36-1.41)

Females SSF* WHR† STR‡

15-18 38.8 (34.2-43.4) 0.74 (0.73-0.75) 0.87 (0.81-0.93)
19-24 44.6 (40.2-49.0) 0.75 (0.74-0.76) 0.92 (0.88-0.97)
25-44 48.1 (46.5-49.8) 0.77 (0.76-0.78) 0.91 (0.88-0.93)
45-64 55.4 (53.4-57.4) 0.80 (0.80-0.81) 0.95 (0.93-0.98)
65-74 47.8 (45.2-50.5) 0.83 (0.82-0.84) 0.95 (0.93-0.98)
75+ 37.4 (34.5-40.2) 0.83 (0.82-0.85) 0.99 (0.93-1.04)
15+ years 48.3 (47.2-49.5) 0.78 (0.78-0.79) 0.93 (0.91-0.94)

*Sum of subscapular and triceps skinfolds. †Waist:hip ratio. ‡Subscapular:triceps
ratio.

Risk indicators (overweight, obesity and excess WHR; Table
4). 35% of the population (40.4% males, 30.1% females) were
classified as overweight (BMI category 3) and a further 17% were
considered obese (BMI categories 4 & 5) (14.7% males, 19.2%
females). In general, obesity increased with age, peaking in the
45-64 year group (males 23.0%, females 26.8%), then declined in
the older groups. WHR excess, defined as a ratio exceeding 0.9
for males and 0.8 for females, tended to peak at a higher age
group (males 65-74 years, females 75+ years).
Previous survey data; (Table 5) Obesity levels increased
significantly (p<0.05) from 9.5% to 14.7% for males and

from 12.6% to 19.2% for females between the LINZ89 and
NNS97 surveys. There was also a significant (p<0.05)
increase in central obesity (estimated from WHR excess)
from 33.1% to 47.6% for males and from 22.0% to 35.6%
for females between the two surveys.

Table 4. Risk Indicators (Mean percentage of the population at risk
and 95% confidence limits).

Males Overweight* Obesity† WHR Excess‡

15-18 11.7 (3.9-19.5) 12.6 (4.9-20.3) 7.7 (0.7-14.6)
19-24 34.0 (23.2-44.9) 2.1 (0.1-4.1) 12.5 (5.5-19.6)
25-44 39.2 (34.9-43.5) 14.1 (10.7-17.5) 38.1 (33.4-42.7)
45-64 48.2 (42.4-54.0) 23.0 (18.6-27.5) 74.2 (69.5-79.0)
65-74 57.6 (49.4-65.8) 13.9 (7.9-19.8) 77.1 (70.1-84.0)
75+ 38.9 (27.8-49.9) 7.4 (2.4-12.4) 72.9 (62.0-83.8)
15+ years 40.4 (37.4-43.5) 14.7 (12.6-16.8) 47.6 (44.4-50.7)

Females Overweight* Obesity† WHR Excess‡

15-18 23.5 (11.5-35.5) 5.3 (0.8-9.9) 10.2 (3.8-16.5)
19-24 17.7 (8.6-26.8) 17.2 (10.0-24.5) 10.8 (6.2-15.5)
25-44 25.7 (22.3-29.1) 17.1 (14.5-19.8) 24.8 (21.6-27.9)
45-64 36.6 (31.9-41.3) 26.8 (22.5-31.0) 48.4 (43.4-53.4)
65-74 47.5 (39.3-55.6) 22.0 (16.1-27.8) 68.1 (60.6-75.6)
75+ 33.3 (25.0-41.6) 17.3 (10.0-24.7) 71.8 (63.2-80.3)
15+ years 30.1 (27.6-32.6) 19.2 (17.3-21.2) 35.6 (33.1-38.0)

*BMI category 3 (Table 1). †BMI categories 4 & 5 (Table 1). ‡WHR >0.9 (males)
& >0.8 (females).

Table 5. Trend in Body Size (Population means).

NHF77* LINZ89 NNS97

Height (cm)

Males 174.1 175.3 175.3
Females 162.1 162.4 162.2

Weight (kg)
Males 75.8 77.8 80.4
Females 61.9 65.1 68.7

BMI (kg/m2)
Males 24.9 25.3 26.2
Females 23.8 24.7 26.1

Obesity†
Males - 9.5 14.7
Females - 12.6 19.2

WHR excess‡
Males - 33.1 47.6
Females - 22.0 35.6

WHR
Males - 0.87 0.90
Females - 0.76 0.78

SSF
Males 23.4 27.7 32.1
Females 34.2 37.6 46.3

STR
Males - 1.37 1.38
Females - 0.90 0.93

*20 to 64 year age group. †BMI categories 4 & 5 (Tables 1). ‡WHR >0.9 (males)
& >0.8 (females).

Mean BMI and weight rose significantly (p<0.05) for males
and females in the 8 year period between the LINZ89 and
NNS97 surveys. The increases in mean BMI and weight
were approximately 3% for males and 6% for females. The
observed increase in population male BMI (and weight, since
height has not changed significantly in this period) can
largely be attributed to moderate increases in BMI in the 15-
18 and 19-24 year groups and small increases in other age
groups (Figure 1). There were moderate increases in BMI in
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the female age groups from 19-74 years and a small increase
in 15-18 year group but the increase has not occurred for all
BMI categories. The proportion of the male population with
BMI categories 4 & 5 (obese) has increased while there has
been no change in the proportion with BMI category 3
(overweight) and a decrease in the population with a
category 2 BMI (normal weight) (Figure 2). For females,
there was significant increase in BMI categories 3 & 4
(overweight, obese), a significant decrease in category 2
(normal weight) and no significant change in categories 1 &
5 (Figure 2).

Comparison of the NNS97 data with the NHF77 survey
data is limited since raw data for the age range 20-64 years
reported in NHF77 is not available. However, when the
heights for males and females are compared for this 20-64
year age group over the three surveys there has been an
increase of only one percent between 1977 and 1989 and no
change between 1989 and 1997. With respect to weight,
however, the male mean weight increased by 5% in the
period 1977 to 1989, and by a further 3% in the 1989 to
1997 period. The female mean weight increased by 5% in
the period 1977 to 1989, and by a further 7% over the 1989
to 1997 period. Mean BMI increased in both males and
females by similar percentages.
Ethnic comparisons (Table 6). Male New Zealand
European & Others had a higher prevalence of overweight,
but a lower prevalence of obesity and WHR excess than
male Maori. On the other hand, female Maori had a higher
prevalence of all risk factors than New Zealand European &
Others, except for the prevalence of overweight in the 45+

group. The limited number of Pacific people surveyed did
not allow comparisons with Maori and New Zealand
European & Others.

Table 6. Ethnic Comparisons (Mean percentage of the population
and 95% confidence limits).

Males NZ European & Others Maori

Overweight*
15-24 24.5 (15.4-33.6) 17.4 (5.5-29.2)
25-44 38.7 (33.9-43.5) 36.3 (25.1-47.5)
45+ 50.0 (45.2-54.8) 33.5 (20.5-46.5)

Obese†
15-24 2.3 (0-5.2) 17.4 (4.1-30.6)
25-44 12.1 (8.4-15.8) 22.2 (12.2-32.2)
45+ 17.3 (13.8-20.7) 47.4 (32.4-62.5)

WHR Excess‡
15-24 6.3 (1.6-11.0) 23.2 (6.0-40.3)
25-44 35.0 (29.9-40.1) 44.5 (32.1-56.9)
45+ 73.8 (69.8-77.8) 81.9 (71.4-92.5)

Females NZ European & Others     Maori

Overweight*
15-24 19.4 (9.9-28.9) 21.8 (12.5-31.0)
25-44 23.5 (19.8-27.2) 36.7 (29.1-44.4)
45+ 38.9 (34.9-42.9) 38.4 (23.9-53.0)

Obese†
15-24 8.3 (3.3-13.3) 17.7 (8.5-26.9)
25-44 14.4 (11.6-17.3) 28.0 (20.0-36.1)
45+ 21.7 (18.4-25.0) 39.8 (24.5-55.1)

WHR Excess‡

15-24 7.4 (3.3-11.6) 18.0 (9.3-26.7)
25-44 21.7 (18.2-25.2) 34.1 (26.3-42.0)
45+ 54.7 (50.5-59.0) 68.8 (56.5-81.1)

*BMI category 3 (Table 1). †BMI categories 4 & 5 (Table 1). ‡WHR >0.9
(males) & >0.8 (females).

Figure 1. Body mass index (BMI) for males and females in the 1989
Life in New Zealand Survey (LINZ89) and the 1997 National
Nutrition Survey (NNS97). Data are mean ± SEM.
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Figure 2. Categorisation of males and females by body mass index
(BMI) from the 1989 Life in New Zealand Survey (LINZ89) and the
1997 National Nutrition Survey (NNS97). *Statistically significant
difference.

Males

P
e

rc
e

n
ta

g
e

60

50

40

30

20

10

0

1 2 3 4 5

BMI Category (see Table 1)

LINZ89

NNS97

*

*

*

Females

P
e

rc
e

n
ta

g
e

60

50

40

30

20

10

0

1 2 3 4 5

BMI Category (see Table 1)

LINZ89

NNS97
*

*

*

129 23 March 2001



130 New Zealand Medical Journal 23 March 2001

Height, weight, BMI and WHR excess increased for male
and female Maori by similar amounts observed for New
Zealand European & Others between the LINZ89 and the
NNS97 surveys.15 Male obesity increased by a greater extent
in Maori than in New Zealand European & Others.
However, it needs to be emphasised that for Maori the
differences in mean values between surveys were not
significant because of the small Maori sample size (85 male
and 120 female) and large confidence intervals in the
LINZ89 data.

Discussion
The prevalence of overweight and obesity in New Zealand is
increasing. In 1997 over one-half of New Zealanders were either
overweight or obese, compared with almost a third in 1989. This
trend for increasing overweight and obesity is supported by
Auckland data suggesting that from 1982 to 1993 an additional 3%
of females and 6% of males became obese.16 The increasing
prevalence of obesity is reported as a world wide phenomenon.17

Trends for increasing obesity reported from USA,18 Australia19 and
England20 are similar to the increasing obesity observed in New
Zealand. It has been found that the increase in overweight and
obesity has not occurred in all categories of BMI. There has been a
shift in the distribution of the population BMI towards the higher
ranges. A reason for the increasing overweight and obesity is the
imbalance between food energy intake and energy output in
physical activity.21 The health risk of this level of obesity is
reflected in an estimated 15 306 or 4.7% of the total years of life
lost in the New Zealand population.4 In addition, we observed an
increasing trend towards central obesity as estimated by WHR and
STR. While there is recent evidence of an increased health risk
due to central obesity the trend to increasing central obesity has
not been reported elsewhere. Central obesity is recognised as a
significant precursor of hyperinsulinemia, increased plasma
triglycerides, decreased HDL levels and elevated blood pressure as
well as increased morbidity and mortality.22

Maori, compared to New Zealand European & Others
have approximately double the prevalence of obesity (males

27% vs 12.6%, females 28% vs 16.7%) and this is reflected
in the increased incidence of diabetes, ischaemic heart
disease and stroke reported for this group.4
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Abstract

Aim. To measure the average serum concentration of total
cholesterol and high density lipoprotein cholesterol in a
representative sample of New Zealanders.
Methods. Serum total and high density lipoprotein
cholesterol levels were measured in a representative sample
of 1412 men and 1741 women aged 15 years or older who
participated in the National Nutrition Survey (1997) of
New Zealanders.
Results. The average serum total cholesterol concentration
in men was the same as in women (5.7 mmol/L); however,
younger women (44 years and under) tended to have lower
levels and older women (55 years and over) higher levels of
total cholesterol than men. Women in all age groups had
higher average levels of high density lipoprotein cholesterol

(1.4 mmol/L) than men (1.2 mmol/L). Ethnic differences
were apparent with Maori men having significantly higher
average levels of total cholesterol than their New Zealand
European counterparts.
Conclusions. Mean serum total cholesterol concentration
in women has declined by 0.3 mmol/L from 6.0 mmol/L
(p<0.05) since the previous representative survey of New
Zealanders (Life in New Zealand Survey, 1989), but by
only 0.1 mmol/L in men, despite a similar reduction
amongst men and women in the proportion of dietary
energy derived from total and saturated fat. It is possible
that weight gain in men and women during the last nine
years is having a differential effect on serum cholesterol
concentrations.

NZ Med J 2001; 114: 131-4

Ischaemic heart disease (IHD) mortality rates are decreasing
in New Zealand as they are in many other Western
countries,1 but it remains the largest single cause of death in
New Zealand (accounting for 26% of all male deaths and
21% of all female deaths in 19962). IHD has a complex
aetiology and many new risk factors have been identified in
recent years.3 Nevertheless, high blood cholesterol levels
continue to be acknowledged as a central determinant in
populations and individuals within any given population.
Lowering of blood levels of total and low density lipoprotein
cholesterol slows the rate and progression of coronary
lesions and reduces IHD mortality.4 The totality of
epidemiological, pathological, genetic, metabolic and clinical
trial evidence confirms that elevation of serum cholesterol is
a major cause of IHD. Thus, it is not surprising that
attempts to lower cholesterol by lifestyle measures and drug
treatments are central to programmes of primary and
secondary prevention of IHD. Monitoring population trends
in cholesterol levels provides the opportunity of assessing
the success of prevention programmes and may help to
explain trends in cardiovascular disease morbidity and
mortality. We report here serum total and high density
lipoprotein cholesterol levels measured in New Zealand men
and women in the 1997 National Nutrition Survey (NNS97)
and contrast the findings with those of the Life in New
Zealand Survey (LINZ89) ten years previously.5  The trends
are discussed in relation to reported dietary intakes, changes
in IHD mortality rates and trends in other countries.

Methods
The NNS97 survey design, recruitment procedure and general details of
methodology are reported earlier in this supplement.6

Non-fasting blood samples were collected from an antecubital vein
into a 10 mL vacuum evacuated tube with no anticoagulant. The blood
tubes were immediately placed in a polystyrene container with an ice pack
and transported by courier to Southern Community Laboratories in
Dunedin on the same day. Serum lipids were analysed in Dunedin on the
following day. Blood samples collected on Fridays and Saturdays were
sent to Southern Community Laboratories in Christchurch where serum
was frozen (-20°C) and shipped to Dunedin for analysis the following
Monday.

Cholesterol concentrations in serum were measured by enzymatic kit
(CHOD-PAP method) from Boehringer-Mannheim on a Hitachi 717

autoanalyzer. High density lipoprotein cholesterol was measured using a
homogenous assay from Boehringer-Mannheim. The precision and
accuracy of the total and high density lipoprotein cholesterol assays were
monitored according to the Royal Australasian College of Pathologists
Quality Assurance Program. The coefficient of variations for the total
and HDL cholesterol assays were 2.6% and 5.8%, respectively.

Nutrient intakes were estimated from the 24 hour diet recall data.7
Sampling weights, which were the inverse of the probability of being

selected, with post-sampling adjustment (including post stratification by
sex, age, and ethnicity to the New Zealand population at the 1996
census), were used in all analyses to obtain unbiased estimates of
population serum cholesterol concentrations. Using the baseline
estimates of the LINZ89 and the sample sizes from LINZ89 and the
NNS97 – adjusted for the complex sampling – the difference in serum
total cholesterol concentration that could be detected with 80% power
using a two-sided test with alpha of 0.05 was 0.11 mmol/L. Age
adjustments were made for ethnic group comparisons of mean serum
total cholesterol since age distributions varied across ethnic groups; this
was particularly evident in the 45+ age group where Maori participants
were younger than their European and Other counterparts. A multiple
linear regression analysis was used to model the relationship between
serum total cholesterol and the independent factors age, age2, sex,
ethnic group, with interactions between sex and age, sex and age2, and
sex and ethnic group. Estimated marginal means were then calculated
from this model. Age adjustments were also made for mean serum total
cholesterol comparisons across body mass index (BMI) categories since
both BMI and serum total cholesterol increase with age. A multiple
linear regression analysis was used to model the relationship between
serum total cholesterol and independent factors age, age2, sex, BMI
category, with interactions between sex and age, sex and age2, and sex
and BMI category. Estimated marginal means were then calculated at
the fixed age of 40 years. Analyses were carried out using the statistical
package STATA 6.0, adjusting for the complex sampling design.

Results
Blood was collected from 77% (1484) of the 1927 men and
70% (1885) of the 2709 women whose diets were assessed in
the NNS97. The anthropometric and demographic
characteristics of those who gave blood were representative of
the whole survey population. Total and HDL cholesterol
results were available for 1412 of the 1484 men and 1741 of the
1885 women who gave a blood. The response rate for giving
blood in the NNS97 calculated as a percentage of participants
in the New Zealand Health Survey was 49%. The overall
response rate for giving blood in the LINZ89 was 40%.

The average serum total cholesterol concentration in men
was the same as in women (5.7 mmol/L, Figure 1).
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However, women tended to have lower total cholesterol
concentrations in the 25 to 44 year age groups and higher
concentrations in the over 55 year age groups (Figure 1a).
Women had higher average concentrations of high density
lipoprotein cholesterol across all age groups in comparison
to men (Figure 1b). The average high density lipoprotein
cholesterol concentration for women was 17% (0.2 mmol/L)
higher than for men.

In comparison to women surveyed as part of the LINZ89,
the average serum total cholesterol concentration in women
in the present survey was 5% (0.3 mmol/L, p<0.05) lower
(Figure 2a). The decrease in serum total cholesterol
concentrations was not uniform across all age groups with
little change in women in the 35 to 55 year and over 75 year
age groups. The average serum cholesterol concentration in
men examined in the NNS97 was marginally lower, by 0.1
mmol/L, than in the LINZ89 (Figure 2b). The average
serum total cholesterol concentration for all New Zealanders
decreased from 5.9 mmol/L in 1989 to 5.7 mmol/L in 1997
(p<0.05).

Significantly fewer women in the NNS97 than in the
LINZ89 had serum total cholesterol concentrations above
arbitrary cut-offs where individualised dietary or drug
treatment would be advised (Figure 3a). 33% of women in
the LINZ89 had serum total cholesterol concentrations
above 6.5 mmol/L whereas 24% of women in the NNS97
were above this level. The percent of women in the NNS97,
as compared to the LINZ89, with serum total cholesterol
above 7.8 mmol/L was decreased by one half to 5% of the
population. The percent of men with elevated serum total
cholesterol concentrations in the NNS97 was less than in
the LINZ89 but the reduction was small in comparison to
that in women.

Total serum cholesterol concentrations by age for the
three major ethnic groups in New Zealand are presented in
Table 1. Serum total cholesterol concentrations did not
differ significantly between women of Maori and New

Zealand European descent but Maori men tended to have
significantly higher (p<0.05) serum total cholesterol
concentrations than their New Zealand European
counterparts.

Table 1. Serum total cholesterol (mmol/L) by ethnicity.

NZ European & Others        Maori Pacific people
Age (yrs) n Total Chol n Total Chol n Total Chol

Male
15-24 128 4.7 (4.5- 4.8) 33† 5.3 (4.9-5.6)* 15‡ —
25-44 455 5.7 (5.6-5.8) 84 6.3 (5.9-6.6)* 34† 5.9 (5.6-6.2)
45+ 608 6.3 (6.2-6.4) 53 6.9 (6.5-7.2)* 18‡ —

Female
15-24 130 4.8 (4.7-5.0) 57 4.7 (4.5-4.8) 20‡ —
25-44 629 5.5 (5.4-5.6) 147 5.3 (5.2-5.5) 53 5.2 (4.9-5.5)
45+ 703 6.4 (6.3-6.5) 41† 6.2 (6.1-6.4) 15‡ —

Total cholesterol values are reported as means (95% CI). *p<0.05, different from
NZ European. †25 ≤ n <50, limited sample size, caution should be excercised in
interpretation of data. ‡n<25, sample size too small to provide a reliable estimate.

Serum high density lipoprotein cholesterol concentrations in
men of different ethnicities were very similar across all age
groups (Table 2). Amongst women of different ethnicities,
Maori had significantly lower (p<0.05) concentrations of
high density lipoprotein cholesterol than New Zealand
Europeans.

Table 2. Serum high density lipoprotein cholesterol (mmol/L) by
ethnicity.

NZ European & Others          Maori Pacific people
Age (yrs) n Total Chol n Total Chol n Total Chol

Male
15-24 128 1.1 (1.1- 1.2) 33† 1.2 (1.0-1.3) 15‡ —
25-44 455 1.2 (1.1-1.2) 84 1.1 (1.0-1.2) 34† 1.1 (1.0-1.2)
45+ 607 1.2 (1.2-1.3) 53 1.1 (1.0-1.1) 18‡ —

Female
15-24 130 1.4 (1.4-1.5) 57 1.2 (1.1-1.3)* 20‡ —
25-44 627 1.4 (1.4-1.5) 147 1.2 (1.2-1.3)* 53 1.3 (1.2-1.4)
45+ 703 1.5 (1.4-1.5) 41† 1.1 (1.0-1.2)* 15‡ —

Total cholesterol values are reported as means (95% CI). *p<0.05, different from
NZ European. †25 ≤ n <50, limited sample size, caution should be excercised in
interpretation of data. ‡n<25, sample size too small to provide a reliable estimate.

Discussion
A comparison of data from the LINZ89 and the NNS97
provides an ideal opportunity to examine trends in
cholesterol levels in New Zealand over a nine year period.
Both studies included fairly large numbers of New
Zealanders of European and Maori descent; unfortunately
the number of Pacific people were relatively small.7 The
populations were randomly selected and response rates were

Figure 2. Serum total cholesterol (mean & 95% CI) by age in the
National Nutrition Survey (1997) and the Life in New Zealand
Survey (1989). LINZ89 ∆, NNS97     .

Figure 3. Percent (mean & 95% CI) of females and males above
selected serum cholesterol reference cut-offs in the National
Nutrition Survey (1997) and the Life in New Zealand Survey (1989).
*p<0.05, NNS97 vs LINZ89.

Figure 1. Serum total and HDL cholesterol (mean & 95% CI) in
males and females by age in the National Nutrition Survey (1997).
Female    , Male ∆.
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reasonable for population studies of this kind. Although the
cholesterol measurements were made in different
laboratories in Dunedin–the same method was used for
measuring total cholesterol–both laboratories reported high
levels of precision using in-house standards and maintained a
high degree of accuracy which was continually monitored by
the Royal Australasian College of Pathologists Quality
Assurance Programme.

The results confirm several well-documented gender
differences in serum lipids.5,8,9 Although total cholesterol
levels were similar in men and women (5.7 mmol/L) the
increase with age varied in the sexes. In men there was a
steady increase in levels with age until the 45-54 year age
group, after which no further increase occurred. Indeed, in
the oldest age group (75+ years) there appeared to be a small
decrease. In contrast to this trend, amongst women there
was a steady increase until age 65 years, after which mean
values levelled off. No definitive explanation has been
offered for these frequently observed findings, though it has
been suggested that from middle age onwards, men with the
highest cholesterol have a high rate of mortality. It is
entirely plausible to suggest, therefore, that if those with the
highest levels have died, the average levels will fall. High
density lipoprotein cholesterol levels on the other hand do
not vary appreciably with age, but in all age groups women
have higher levels than men.

One of the most striking findings was a significant 5%
reduction in serum total cholesterol in women over the nine
year period, the difference being most prominent in the 15-
34 year and 55-74 year age groups. The reduction has
occurred in parallel with a reduction in reported intake of
total and saturated fat calculated from the 24 hour diet
recalls in the two studies (Table 3) and is compatible with
the continuing downward trend in IHD mortality in New
Zealand.10 The reduction in total, saturated and
monounsturated fat content of the diet is probably a
reflection of the reduced intake of animal fat which contains
saturated and monounsaturated fat but only minor amounts
of polyunsaturated fat. While alterations in IHD mortality
rates may be explained by favourable trends in a number of
cardiovascular risk factors, it is noteworthy that a 5%
reduction in total serum cholesterol levels might be expected
to translate into a 10-15% reduction in IHD mortality.11

These results provide encouragement for the various health
benefits of reducing total and saturated fat in the diet.

Table 3. Fat and cholesterol intakes of New Zealanders.

Percent of total energy
Survey Total Fat SAFA MUFA PUFA Chol (mg/d)

Male
LINZ89 38.1 16.4 13.3 5.1 396

(37.4-38.8) (15.9-16.9) (12.9-13.6) (4.9-5.3) (371-421)
NNS97 35.4* 15.1* 11.8* 4.9 381

(34.8-35.9) (14.8-15.4) (11.6-12.0) (4.8-5.1) (365-397)
Female

LINZ89 36.9 16.1 12.5 5.2 263
(36.2-37.6) (15.6-16.5) (12.1-12.8) (5.0-5.3) (249-277)

NNS97 34.5* 14.7* 11.4* 4.9 261
(34.0-35.0) (14.4-15.0) (11.2-11.6) (4.8-5.0) (251-272)

Fat and cholesterol values are reported as means (95%CI). *p<0.05, different
from LINZ89. SAFA = Saturated fatty acids; MUFA = monounsaturated fatty
acids; PFUA = polyunsaturated fatty acids.

In contrast to these findings for women, there appears to
have been little change in serum cholesterol levels amongst
men despite a similar reduction in reported fat intake over
the nine year period. We have no definitive explanation for
this apparent discrepancy but the differential effect of excess
adiposity on serum lipids in men and women may at least

partially explain the findings. Figure 4 shows the
relationship between BMI and total cholesterol in men and
women, the effect of overweight and obesity being much
more striking in men than in women. The frequency of
obesity in both men and women has increased markedly
during the nine year period between the two surveys,12,13 and
it seems plausible to suggest that this may have to some
extent masked the full beneficial effect of saturated fat
reduction on serum cholesterol levels. Furthermore, the
more marked cholesterol raising associated with increasing
BMI in men may have counteracted the effect of fat
reduction to the extent that cholesterol levels have remained
unchanged over the nine-year period under consideration.
The fall in male IHD mortality during this time is likely to
be explained by changes in other risk factors such as
reduction in cigarette smoking. We have not directly
compared the high density lipoprotein cholesterol levels in
the NNS97 with those measured in the LINZ89 because no
satisfactory quality control programme was in place for
ensuring comparable accuracy. However, in both surveys
high density lipoprotein cholesterol concentrations did not
vary with age and were higher in women than in men.5

High density lipoprotein cholesterol levels were lower in
Maori and Pacific women than New Zealand European
women. Differences in men were not statistically significant.
The trends were similar to those reported by Scragg et al14

for the New Zealand Multicultural Workforce Study. In the
Workforces study Maori men and women had significantly
higher triglyceride levels than their European counterparts.
The trend was similar when Pacific people were compared
with Europeans but did not achieve statistical significance.
Thus, the principal derangement of plasma lipids amongst
Maori and Pacific people would appear to be the
dyslipidaemia of the metabolic syndrome (high triglycerides,
low high density lipoprotein cholesterol) which is associated
both with diabetes and increased cardiovascular disease risk.
The higher concentration of total cholesterol in Maori than
New Zealand European men in the present survey is
contrary to what was found in the New Zealand
Multicultrual Workforce Study but is consistent with higher
mortality rates of coronary heart disease amongst Maori
men.10

It is of interest to compare the New Zealand data with
that from other countries. The average levels of total and
high density lipoprotein cholesterol in New Zealanders of
European origin are virtually identical to those in Britain.9

Total serum cholesterol in British men and women aged 18-
64 years are 5.7 and 5.8 mmol/L, respectively, and for high

Figure 4. Serum total cholesterol (mean & 95% CI) by body mass
index (BMI) group in the National Nutrition Survey (1997). Serum
total cholesterol values are adjusted for age.
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Iron deficiency remains the most common nutrient
deficiency among 15-49 year old women in the western
world. Women in this age group are at high risk of iron
deficiency because of iron loss with menstruation and
increased iron demands during pregnancy. Nevertheless,
increased use of oral contraceptives in recent years has
reduced the iron requirements of women who use this

method of birth control via a decrease in menstrual iron
loss.1 In contrast, a decline in energy intakes and red
meat consumption for aesthetic and/or health reasons
will result in lower intakes of bioavailable iron and
increase the risk of low iron status among women.2

Recently, a decline in red meat consumption was
documented in New Zealand.3

density lipoprotein cholesterol 1.2 and 1.4 mmol/L,
respectively. Therefore, as expected, similar proportions
have levels greater than various arbitrary end points (eg. 6.5
and 7.8 mmol/L). On the other hand cholesterol levels in
the United States15 are appreciably lower than in New
Zealand men and women of all ages. For example, in the
United States and New Zealand mean levels of total serum
cholesterol for men aged 45-54 are 5.5 and 6.5 mmol/L,
respectively; for women the levels are 5.6 and 6.1 mmol/L,
respectively.

While it is impossible to quantify the precise contribution
of changes in serum cholesterol to trends in IHD morbidity
and mortality, it is of interest to note that while mortality
rates of IHD remain lower in the United States,8 rates in all
three countries have shown strong downward trends.1

These data are encouraging inasmuch as they provide some
confirmation that advice to reduce total and saturated fat in the
diet has been heeded in New Zealand. Though the decrease in
fat intake is similar in men and women it is only in women that
dietary change is reflected in a fall in serum total cholesterol
levels. There is clearly a need for continuing advice regarding the
importance of reducing saturated fat intake, but the full benefit of
such advice seems unlikely to be achieved unless it is a
component of a successful strategy for reducing the high
prevalence of obesity in New Zealand. In theory a successful
population based strategy for reducing cardiovascular risk will
substantially reduce the number of high-risk people requiring
individualised advice or drug therapy. However, the present data

suggest that for the forseeable future a considerable number of
New Zealanders will continue to require such treatment.
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Abstract

Aim. To assess dietary iron intakes and biochemical iron
status of a nationally representative sample of non-
pregnant 15-49 year old women (n=1751) in New Zealand.
Methods. A cross-sectional national survey was conducted
in 1996/97. Women were selected via a multistage
stratified cluster sampling procedure with increased
sampling of Maori and Pacific women. Dietary iron intakes
were estimated using a 24-hour diet recall. Biochemical
iron status was assessed on a non-fasting venipuncture
blood sample (n=1047) via haemoglobin, mean cell volume,
erythrocyte zinc protoporphyrin, transferrin receptors and
serum ferritin.
Results. Average daily dietary iron intakes ranged from 9.6
mg/day among Pacific women to 10.5 mg/day among

Maori women; 41% of 20-49 year olds and 45% of
adolescents were at risk of low dietary iron intakes. The
estimated percentage of 15-49 year old women with iron
deficiency anaemia ranged from 1.4 - 5.5%, and for iron
deficiency without anaemia from 0.7 - 12.6% depending on
the age group and criteria used.
Conclusions. The overall estimated prevalence of sub-
optimal biochemical iron status among 15-49 year old
women in New Zealand ranged from 7-13%, which
compared favourably with premenopausal women living in
other western countries. This situation is, however, a
public health concern given the potential negative
functional consequences associated with even mild iron
deficiency.

NZ Med J 2001; 114: 134-8
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Prevalence estimates of iron deficiency anaemia (IDA)
among 15-49 year old women living in western countries are
generally low (<5%).4,5 In contrast, the prevalence of mild
iron deficiency without anaemia (ID) remains remarkably
high (ie, 11-45%).1,4-9 This is cause for concern given recent
evidence that iron deficiency even without anaemia has
negative consequences on work capacity, mood and learning
ability.10,11 Monitoring the iron status of women is therefore
important.

In New Zealand there is a paucity of information on the
biochemical iron status of women of reproductive age, and
the results of small studies are inconsistent.12,13 Dietary
surveys carried out in New Zealand have also shown a high
proportion of women were at risk of sub-optimal iron status,
whereas older women and men were at low risk.14-16 Clearly
there was a need to determine the prevalence of sub-optimal
iron status in a large nationally representative sample of
New Zealand women of reproductive age. This information
is needed to assist in the development of nutrition policies
and programmes in order to ensure optimal iron status in
the population. Thus, one of the objectives of the 1997
National Nutrition Survey (NNS97) was to assess the
dietary iron intakes and biochemical iron status of the
population. Only data collected from the 15-49 year old
women (n=1751) are reported here, because the iron status
of older women and of men was adequate.16

Methods
The NNS97 survey design, recruitment procedures and details of
methodology are reported earlier in this supplement.17 In brief, dietary data
were collected from each participant during a home visit, and a non-fasting
veni-puncture blood sample from a subset of women who agreed to the
sampling and were non-pregnant. Dietary data were collected using a 24-hour
diet recall. Further, 276 repeat 24-hour recalls were collected from a randomly
selected sub-sample of urban 15-49 year old women in order to adjust
population nutrient intake distributions for within-person variation using the
software package C-SIDE.18  The number of repeated recalls for Pacific
women was limited, hence ethnic specific estimates of the proportion at risk of
inadequate iron intakes were made only for Maori and New Zealand European
& Others (94% Caucasian, 5% Asian) ethnic groups. The proportion of the
population at risk of inadequate iron intakes was estimated using the full
probability approach,19  based on the UK estimated average requirements for
iron.20 Biochemical iron status was assessed from a complete blood cell count
(CBC), zinc protoporphyrin (ZPP) and serum ferritin (SF). Transferrin
receptors were assessed for 15-35 year old women only. The CBC was
measured using an automated Coulter STKS cell counter; ZPP was analysed
on a Protofluor-Z Haematofluorometer (Helena Laboratories); SF was
measured using a sandwich chemiluminometric immunoassay on a Chiron
Diagnostics ACS:180 automated immunoassay analyser; and transferrin
receptor concentration was analysed via a quantitative immunoenzymetric kit
(Orion Diagnostics). C-reactive protein (CRP) was also measured on a Behring
Nephelometer as an index of recent infection to partially control for the effect
of infection on biochemical iron status indices. An elevated CRP was defined as
>8 mg/L.21 The biochemical data are presented only for those women who had
a normal CRP value and had a value for all biochemical indices (n=1047). The
accuracy and precision of biochemical procedures were ensured via IANZ-
approved internal and external quality control procedures, including a peer
review through the haematology Royal College of Pathologists of Australasia
Quality Assurance Programs for SF, CBC and CRP. An in-house pooled
serum control was run with each batch of transferrin receptors to ensure that
the assay coefficient of variation (CV) met the manufacturer’s
recommendations (CV ranged from 11.8-18% with analysed transferrin
receptor levels ranging from 1.7-3.1 mg/L). IDA and ID were defined on the
basis of haemoglobin, SF and/or ZPP. The results are presented using two
different cut-off values for SF (<12 µg/L and <16 µg/L), corresponding to
internationally recognised values indicating absent or small to absent
stores.1,4,5,8,12 The cut-off value used for low haemoglobin (<120 g/L) was
defined according to the WHO recommendation.22 For ZPP, a cut-off value
>60 µmol/mol haem was used based on an in-house reference range study and
recognised ZPP levels indicative of mild iron deficient erythropoesis.23

Transferrin saturation (TS) was not measured in this study and this precluded
the use of the ferritin model for defining ID and IDA, as used in the National
Health and Nutrition Examination Survey (NHANES III), which used two of
three abnormal indices based on SF, TS and free erythrocyte protoporphyrin.5
In the current study, IDA and ID were, therefore, defined using both a more
conservative (low SF and elevated ZPP) and less conservative  (low SF)
estimate than was used in NHANES III. To be classified as IDA a low

haemoglobin, as well as either (a) a low SF and elevated ZPP or (b) a low SF
was required. To be classified as ID, a normal haemoglobin level, as well as
either (a) a low SF and elevated ZPP or (b) a low SF was required (Table 3).

Sampling weights, which were the inverse of the probability of being
selected (with post-sampling adjustments), were used in all analyses to
obtain approximately unbiased estimates of population quantities. Age
adjustments were made for ethnic group comparisons of percentiles for
biochemical iron status indices, since the age distributions varied across
ethnic groups. Multiple linear regression models were used to model the
relationships between the biochemical indices and the independent
factors of gender, ethnic group and age for the whole NNS97 population,
with some analyses including an interaction term between gender and
age. For each individual, the effect of their age on the biochemical index
was calculated and used to adjust their observed value for the inter-ethnic
group comparisons. Percentiles were calculated using these adjusted
values. Analyses were carried out using the statistical package STATA
6.0, adjusting for the complex sampling design.

Results
Average dietary iron intakes and dietary iron density were
similar across all age and ethnic groups (Table 1). Intakes
of dietary inhibitors (dietary fibre and calcium) and
enhancers of iron absorption (vitamin C) were generally
comparable across age and ethnic groups, except for
calcium which was on average approximately 250-300 mg
lower in Pacific women compared with the other two
ethnic groups (Table 1). The percentage of women at risk
of low dietary iron intakes ranged from 41% for 20-49
year old women to 45% in adolescents, and was similar
across ethnic groups.

Table 1. Median (10th & 90th percentiles) dietary intakes of women
by age group and ethnicity.

Iron Iron Dietary Calcium Vitamin C
(mg/day) Density* Fibre (mg/day) (mg/day)

(mg/Mj) (g/day)

15-19 years 10.0 1.06 16.2 738 108
(n=163) (6.6, 14.3) (0.69, 2.03) (10.3, 23.4) (377, 1250) (50, 207)

20-35 years 10.4 1.16 17.3 727 100
(n=894) (7.0, 15.3) (0.76, 1.88) (11.1, 25.6) (437, 1183) (50, 194)

36-49 years 9.9 1.24 17.8 688 84
(n=694) (6.8, 13.9) (0.86, 1.93) (11.4, 26.2) (415, 1081) (40, 158)

Maori 10.6 1.10 17.4 696 97
(n=373) (6.3, 16.2) (0.68, 1.78) (10.2, 27.3) (384, 1241) (46, 195)

Pacific* 10.4 1.19 18.4 453 91
(n=166) (6.8, 15.7) (0.79, 1.83) (11.1, 27.9) (275, 759) (42,169)

New Zealand 10.1 1.21 17.3 745 95
European & (7.1, 14.1) (0.81, 1.96) (11.3, 25.2) (460, 1127) (47, 178)
Others
(n=1212)

*Intake distribution(s) were not adjusted using C-SIDE, therefore percentile
distributions are wider than adjusted data.

Medians (10th & 90th percentiles) for biochemical indices of
iron status are presented by age and ethnic groups in Table 2,
and the estimated prevalence rates of IDA and ID in Table 3.
The prevalence of IDA and ID were similar across age and
ethnic groups, except for a significantly lower prevalence of
ID among Pacific women (Table 3). No significant age or
ethnic group differences existed in the overall prevalence of
sub-optimal iron status (IDA + ID), which ranged from 7% to
13%, depending on the criteria used.

Discussion
The results from this study suggest that sub-optimal iron
status is a public health concern amongst 15-49 year old
women in New Zealand. As elsewhere in the western
world,4,5 the degree of iron deficiency was mild. For example,
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in this survey less than 5% of 15-49 year old women were
IDA even though 7-13% had sub-optimal iron status,
depending on the criteria used. These results were similar to
those from a cohort of 21 year old Dunedin women followed
from birth (12% sub-optimal iron status),12 but were
markedly lower than a smaller survey of vegetarian and
omnivorous women in Dunedin (47% and 42%,
respectively).13 A convenience sample was used in the latter
study in contrast to a random sample in this study. These

differences in sampling procedures probably account, at least
in part, for the discrepancies noted.

The results from this survey also indicate that the iron
status of New Zealand women compared favourably to that
of women in other western countries, despite similar or
lower intakes of dietary iron.1,4-9 The prevalence of ID, in
particular, was notably lower than in other countries,
resulting in an overall lower percentage of women with sub-
optimal iron status (7% SF≤12 µg/L and 13% SF<16 µg/L

Table 3. Percentage (95% CI) of women with low iron status* defined by haemoglobin (Hb), Zn protoporphyrin (ZPP) and serum ferritin (SF)
by age group and ethnicity.

IDA ID Low Iron
Hb <120 g/L Hb ≥120 g/L Status‡

ZPP† ≥60 ZPP† ≥0 ZPP† ≥60 ZPP† ≥0 (IDA + ID)

15-19 years 5.5% 5.5% 0.0% 0.7% 6.2%
SF <12 µg/L (1.2-9.7) (1.2-9.7) (0.0-0.0) (0.0-2.1) (1.7-10.7)

SF < 16 µg/L 5.5% 5.5% 0.0% 12.6% 18.1%
(1.2-9.7) (1.2-9.7) (0.0-0.0) (4.2-21.0) (8.8-27.3)

20-35 years 1.4% 2.0% 1.0% 3.8% 5.8%
SF <12 µg/L (0.4-2.5) (0.8-3.3) (0.0-2.0) (1.9-5.6) (3.7-8.0)

SF <16 µg/L 1.5% 3.0% 1.3% 8,8% 11.7%
(0.4-2.5) (1.3-4.7) (0.2-2.4) (5.8-11.8) (8.4-15.1)

36-49 years 3.6% 4.1% 1.5% 5.0% 9.2%
SF <12 µg/L (1.2-6.0) (1.7-6.6) (0.4-2.7) (2.3-7.7) (5.6-12.8)

SF <16 µg/L 3.6% 4.1% 2.2% 8.7% 12.8%
(1.2-6.0) (1.7-6.6) (0.8-3.6) (5.4-11.9) (8.8-16.8)

Maori 6.9% 7.3% 3.0% 4.8% 12.0%
SF <12 µg/L (2.9-11.0) (3.2-11.4) (0.5-5.4) (1.9-7.6) (7.2-17.0)

SF <16 µg/L 7.0% 7.3% 4.2% 9.7% 17.0%
(2.9-11.0) (3.2-11.4) (1.2-7.3) (5.2-14.1) (11.0-22.9)

Pacific 5.0% 5.0% 0.0% 0.0% 5.0%
SF <12 µg/L (0.0-10.5) (0.0-10.5) (0.0-0.0) (0.0-0.0) (0.0-10.5)

SF <16 µg/L 5.0% 5.0% 0.0% 1.0% 5.9%
(0.0-10.5) (0.0-10.5) (0.0-0.0) (0.0-2.9) (0.0-11.8)

New Zealand European
& Others 2.0% 2.5% 0.8% 4.0% 6.5%

SF <12 µg/L (0.7-3.2) (1.2-3.9) (0.1-1.6) (2.4-5.6) (4.5-8.6)

SF <16 µg/L 2.0% 3.1% 1.1% 9.4% 12.5%
(0.7-3.2) (1.6-4.6) (0.4-1.9) (6.9-12.0) (9.6-15.4)

*Only presented for women with C-reactive protein levels ≤8 mg/L (93% of women aged 15-49). †µmol/mol haem. ‡based on ZPP ≥0.

Table 2. Median (10th & 90th percentiles) biochemical iron status indices* by age groups and ethnicity.†

Haemoglobin Mean Cell Zinc Serum Transferrin
(g/L) Volume (fL) Protoporphyrin Ferritin Receptors

(µmol/mol haem) (µg/L) (mg/L)

15-19 years 135 (126, 145) 89 (82, 92) 37 (29, 54) 29 (13, 69) 2.4 (1.0, 4.9)
(n=89) (n=73)

20-35 years 135 (124, 145) 89 (84, 94) 40 (29, 56) 41 (14, 106) 2.3 (1.2, 4.0)
(n=543) (n=439)

36-49 years 136 (124, 148) 90 (83, 94) 38 (28, 59) 44 (12, 128) Not analysed
(n=415)

Maori 136 (119, 149) 86 (77, 92) 41 (30, 68) 33 (6, 110) 2.7 (1.0, 6.2)
(n=200) (n=114)

Pacific 135 (127, 147) 87 (81, 92) 48 (36, 68) 35 (13, 149) 2.4 (1.9, 4.6)
(n=71) (n=37)

New Zealand 134 (123, 145) 89 (84, 93) 38 (28, 54) 28 (10,70) 2.4 (1.2, 3.8)
European & Others (n=361)

(n=776)

*Only presented for women with C-reactive protein levels ≤8 mg/L (93% of women aged 15-49 years). †Age adjusted indices.



New Zealand Medical Journal 13723 March 2001

versus 11-45% in the USA and European countries).1,4-9 In
comparison with the most recent British and American
national surveys, the percentage of 20-49 year old New
Zealand women with low SF (<13 µg/L) was lower (8%)
than in the UK (17%) or USA (13%). As well, the median
SF of the New Zealand women was higher than their British
counterparts (43 µg/L versus 29 µg/L).7 The reasons for this
apparently superior iron status of New Zealand women are
unclear. Population differences in factors such as methods of
birth control, iron supplement use and dietary intakes of
haem iron and dietary enhancers and inhibitors of iron
absorption could all impact on the iron status of a
population. For example, the prevalence of sub-optimal iron
status among 35+ year old French woman taking an oral
contraceptive agent was lower than those not using any
contraceptive method or an intrauterine device (13.6%
versus 23.2% and 28.1%).1 This occurs, because the method
of birth control influences the volume of menstrual loss per
month. Likewise, meat intake was associated with superior
iron status in a population of young Spanish women,
primarily because flesh foods enhance the absorption of non-
haem iron, and contain the more highly bioavailable haem
iron.24 Nevertheless, the contribution of these factors to the
apparent superior iron status in New Zealand is not obvious.
The percentage of iron contributed by animal products in
the diets of these New Zealand women appears to be similar
to or only slightly higher than that reported in other western
countries (27% versus 23-29% in Europe).7,9,25 Likewise, iron
supplement use was low with less than 10% of 15-49 year
old New Zealand women reporting that they took an iron
supplement in the year prior to their interview.16

Unfortunately, the method of birth control used by women
surveyed in the NNS97 was not recorded. Notwithstanding,
such inter-country comparisons must also be made with
caution because of differences in indices and biochemical
assays used, as well as sampling procedures, differential
response rates and different rates of infection.

In this survey, only marginal (and generally non-
significant) differences existed in the prevalence of IDA or
ID across age and ethnic groups. These results were
somewhat surprising given the higher prevalence rates of
IDA and ID reported among Maori and Pacific children26

and adolescents (Shaaf D et al, unpublished data) compared
with their Caucasian counterparts. Moreover, a lower
frequency of oral contraceptive use was previously reported
among young Maori women compared with young
Caucasian women.27 Perhaps marked ethnic group
differences occur only in childhood and adolescence in New
Zealand. Unfortunately, the number of adolescents per
ethnic group in the current study was insufficient for a
meaningful inter-ethnic group comparison. In addition this
lack of difference between ethnic groups may, in part, be due
to a differential response rate bias (eg, 73% New Zealand
European & Others, 61% Maori, 47% Pacific people for the
response to blood collection in proportion to those
completing the 24 hour diet recall).

The reasons for the discrepancy between dietary and
biochemical estimates of risk of low iron status are unclear
(41-45% versus 12-18% SF<16 µg/L). The discrepancy is
well documented in other studies, and has been attributed to
under-reporting of food intake.28 Nevertheless, other factors
can not be discounted including dietary iron requirement
estimates that are too high, and/or biochemical cut-off
values that are too low. Indeed, the relatively high use of
oral contraceptives among young New Zealand women (50-
60%), and low use of intrauterine devices among women of
all ages (2-4%) reported elsewhere27 suggests that the dietary
iron requirements of at least young New Zealand women is

potentially lower than estimated.20 This occurs because
menstrual iron losses are reduced with oral contraceptive use
and increased with the use of an intrauterine device. The
discrepancy between biochemical and dietary prevalence
estimates noted here clearly demonstrates the importance of
collecting both biochemical and dietary data when
investigating iron nutrition.

Assessing the biochemical iron status of a population is
more complex than is generally recognised. This is clearly
demonstrated in the present study by the lack of
concordance between the prevalence estimates of IDA and
ID when ZPP was included in the classification criteria
and a serum ferritin cut-off of <12 µg/L was used. IDA is
the third and final stage of iron deficiency in a
continuum, progressing from reduced iron stores to
impaired erythropoiesis and finally to anaemia.23 Hence,
the observed 2-4% prevalence of IDA and 0-3%
prevalence of ID in this large, nationally representative
population of women when these criteria were applied is
counter-intuitive (Table 3). Recent studies have shown
that ZPP levels were normal when iron stores were
depleted but erythropoiesis was not yet compromised,23

and that ZPP was not responsive to acute iron depletion.29

This suggests that ZPP is an insensitive index of iron
status in populations where ID is mild. Moreover, the
prevalence of IDA and ID would be under-estimated in
the NNS97 compared with other surveys30 if ZPP was
included in the definition, because TS was not measured
in the NNS97. At present, SF is recognised as one of the
best indices of iron status because of its high specificity
and relationship to body iron storage levels.31 However,
there is considerable controversy over the choice of an
appropriate cut-off level for SF;30,31 and as yet, no
internationally accepted definition for ID. The widely
used SF cut-off of <12 µg/L was originally based on a
statistical definition, which also corresponded to the 5th
percentile of the reference distribution for premenopausal
women in NHANES II and III.5,30 Higher cut-offs of
between 15 and 20 µg/L have also been proposed on the
basis of biological definitions (eg, no stainable iron in
bone marrow smears).31,32 Indeed, the SF cut-off with the
highest positive predictive value for sub-optimal iron
status in a study of Swedish women (ID <30%) was
<16 µg/L,32  and Hallberg et al31,32 predicted that
population prevalence estimates would be under-
estimated using multiple criteria for ID and a SF cut-off
<12 µg/L in populations with mild ID. In contrast, others
argue that this less stringent criterion would over-
estimate population prevalence.30 Until these issues are
resolved, it is prudent to present prevalence estimates of
IDA and ID based on at least two cut-off values for SF
(Table 3). Based on these criteria and excluding ZPP from
the definition, the estimated prevalence of sub-optimal
iron status among 15-49 year old New Zealand women
was between 7% (SF <12 µg/L) and 13% (SF <16 µg/L).
This implies that approximately 65-125 000 women have
sub-optimal iron status based on the 1996 Census of New
Zealand. This situation is unacceptable given the negative
functional consequences of even mild iron deficiency.9,10

Indeed, failure to improve the situation could result in a
reduction in the quality of life for many New Zealand
women because of the potentially deleterious impact on
mood and intellectual ability.
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Abstract

Aims. To examine the adequacy of calcium intake in
relation to current recommendations, demographic
differences in calcium intake and dietary sources in the
New Zealand population.
Methods. 24-hour diet recall and qualitative food
frequency data from the 1997 New Zealand National
Nutrition Survey (NNS97) were used.
Results. No age-gender subgroups had median intakes
meeting the latest (1998) US recommendations. Women’s
median intakes failed to meet even the considerably lower
1990 Australian recommendations. 20% of New Zealanders
and one in four women had intakes below the UK Estimated
Average Requirements for calcium. Intakes below the UK
Lower Reference Nutrient Intake (the level at which the risk
of deficiency is virtually 100%) were common (15-20%)
NZ Med J 2001; 114: 138-41

among women aged 15-18 years, those living in the most
deprived areas or Maori. Milk and milk products were the
major sources of the nation’s calcium intake.
Conclusion. Although other factors such as genetics,
hormonal status, vitamin D status and exercise influence
skeletal health, adequate calcium intakes are important in
minimizing bone loss. A reduction in the proportion of
New Zealanders with inadequate calcium intakes will most
readily be achieved if more people meet the milk products
Dietary Guideline (minimum of two servings daily). Health
professionals can play an important role in raising
perceptions of the benefits of adequate calcium intakes,
promoting the milk products Dietary Guideline, and
emphasising that lower fat diets can include adequate
calcium through use of reduced fat milk products.

The incidence of osteoporotic fractures is escalating to
epidemic levels in many countries.1 With our aging
population, New Zealand shares this trend and sharp
increases in the costs resulting from osteoporotic
fractures are anticipated this century. The number of hip
fractures in those 65+ years is projected to increase from
3039 in 1994 to a minimum of 4800 by 2011, with 3500 of
these in women.2,3

Numerous factors influence bone mass and skeletal health:4
genetics, hormonal status and physical activity,5 as well as
nutritional factors such as calcium4 and vitamin D status.6,7

Although there is still uncertainty about calcium requirement

levels, the latest US committee on Dietary Reference Intakes
concluded that calcium intake is related to calcium retention
during growth and the minimisation of bone loss during
adulthood.8,9 Many argue that fractures may best be prevented by
maximizing peak skeletal bone mass, and by maintaining bone
mass for as long as possible.4,10 If this is the case, then every effort
should be made to ensure lifelong consumption, absorption and
retention of sufficient dietary calcium to accomplish this.

Methods
The 1997 National Nutrition Survey (NNS97) design, recruitment
procedures and details are reported in this issue of the Journal.11 Nutrient
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intakes were estimated from 24-hour diet recall data. The proportion of
the population at risk of inadequate calcium intake was estimated using a
short-cut probability analysis. This involved determining the percentage
of the population with calcium intakes below the UK (1991)12 Estimated
Average Requirement (EAR). This approximates the prevalence of
inadequate intakes determined by full probability analysis.13 The
percentage of various population groups with intakes below the UK
Lower Reference Nutrient Intake (LRNI), the level at which the risk of
deficiency in an individual is virtually 100%,12 are also presented. All
differences were considered statistically significant at p<0.05.

Results
Demographic differences in usual dietary calcium
intake. Men’s calcium intakes exceeded those of women, the
lowest occurring in those 65+ years (Figure 1). Significantly
lower usual median daily calcium intakes were found in
those living in the lowest socioeconomic areas (NZDep96
quartile IV: men 781 mg, women 632 mg) compared to the
higher status areas (quartile I: men 885 mg, women 733 mg,
p<0.05). Significant ethnic group differences were also
found. Maori men (761 mg/day) had lower median calcium
intakes than men in the ‘NZ European & Others’ group
(885 mg/day). This ethnic difference was noted within each
age group, and for both sexes.

Comparison of estimated usual dietary calcium intakes
with recommended intakes. Since there is considerable
controversy over the optimal daily dietary calcium intake
required to achieve peak bone mass, to maintain adult bone
mass and to minimise bone loss in later life, intakes were
compared with three currently widely used sets of
recommended nutrient intakes : the most recent from the
United States (1998).8,9 Australia (1990)14 and the UK
(1991)12 (Table 1). None of the age-gender groups met the

latest US recommendations for calcium intake. In fact, only
19-44 year olds had usual median intakes that met even 70%
of their recommended intakes. Furthermore, amongst
women, none of the age groups had usual median intakes
that met even the considerably lower Australian
recommendations. In comparison with the Australian
recommendations, men in the 15-18 and 65+ year groups
had low median intakes. Similar conclusions can be drawn
using the UK recommendations. Thus it is clear that no
matter which of the reference calcium intakes are used,
current usual median intakes for New Zealanders are low,
particularly among women.

The figures presented in Table 1 are recommended levels
of calcium intake estimated to be sufficient to meet the
needs of virtually all members of a healthy population. Since
needs for calcium vary substantially between individuals, the
recommended figures include a large safety margin to take
account of this individual variability. The recommendations
are typically derived by adding two standard deviations to
the estimated average requirement for the specified age-
gender group. The adequacy of calcium intakes can be
evaluated by estimating the proportion of the population
whose usual intakes fall below the average requirement. This
provides an approximate indication of the size of the group
unlikely to be meeting their calcium needs. The 1991 UK
EAR are: 525 mg/day for those 19 years and older, 750 mg
for 15-18 year old males, and 625 mg for 15-18 year old
females.12 Figure 2 shows the estimated prevalence of
inadequate calcium intakes according to the UK EAR, and
the prevalence of intakes below the UK LRNI. The LRNI
figures are 400 mg/day for those 19 years and older, 450 mg
for 15-18 year old males, and 480 mg for 15-18 year old
females.12

Overall, 20% of the New Zealand population and one in
four women were estimated to have inadequate intakes
according to the UK EAR. Fifteen to eighteen year olds, low
socioeconomic groups and Maori had a particularly high
prevalence of intakes below the EAR. Disturbingly high
proportions of women fell below even the LRNI figures,
particularly those in the 15-18 years and NZDep96IV
subgroups. Intakes at the LRNI level indicate that the risk of
deficiency in an individual is over 97%.
Dietary calcium sources and changes in food choice
patterns. Methodological differences in the collection and
analysis of 24-hour diet recall data mean that direct
comparisons of calcium intakes cannot be made across the
two national nutrition surveys.15,16 As expected, given the
more rigorous recall methodology,11 the latest survey
revealed higher intakes of both energy and calcium than in
the previous national survey LINZ89. Calcium densities (mg

Figure 1. Usual median daily calcium intake derived from 24-hour
diet recall data.

Table 1. A comparison of NNS97 usual median calcium intakes and various recommended calcium intakes.

Australian
NNS97 Usual UK Recommended Recommended

Age Median Age US Adequate Nutrient Intake Nutrient Intake
(Yrs) Intakes (Yrs) Intake (1998) (1991) (1990)

Males Males
15-18 894 14-18 1300 1000 (15-18*) 1000 (16-18)
19-24 875 19-30 1000
25-44 908 31-50 1000
45-64 809 51-70 1200
65+ 751 >70 1200
Females Females
15-18 740 14-18 1300 800 (15-18) 800 (16-18)
19-24 713 19-30 1000
25-44 714 31-50 1000 800 (19-54)
45-64 676 51-70 1200
65+ 636 >70 1200 1000 (54+)
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700 (19+)}

}

}

}
}
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calcium per MJ energy intake) while higher in women than
in men, closely matched those found in LINZ89.15

Almost half the population’s calcium intake was derived
from milk (37%) and cheese (11%) (Figure 3). For milk, this
finding is very similar to that from LINZ89, but the
contribution from cheese was higher in the earlier survey
(16%).15 However, the contribution of cheese to calcium
intake in the latest survey is likely to be an underestimate
given that some cheese would have been analysed as part of
other items such as sandwiches and mixed-dishes. The
contributions of milk and cheese to calcium intake agree
closely with findings of the recent Australian national
nutrition survey.17

Standard (blue) milk made the largest contribution to calcium
intake (17%) and trim (green) milk contributed 13%. Seven
percent of calcium intake was derived from cheeses with a fat
content above 30 g/100 g (eg cheddar, colby, gouda, blue
cheese, cream cheese) and less than 1% came from low fat
cheeses (<20 g/100 g, eg cottage, ricotta, mozzarella, feta).
Overall, milk was a greater source of calcium for women
(39%) than for men (36%), with the exception of the 15-18
year age group (men 38%, women 31%). The predominance
of milk as a source of calcium intake increased with age in
women; however, the contribution from cheese was fairly
constant across age groups.

Other dairy products (yoghurt, ice cream, sour cream,
cream) contributed a slightly larger proportion of calcium in
women than men (6% vs 4%). The higher prevalence of
inadequate calcium intakes among Maori can be explained
by the lower contributions of cheese and other dairy
products to calcium intake in this group.

For a number of dietary calcium sources, comparable
frequency of consumption data were available across the two
surveys. The proportion of people consuming each food at
least once a week showed an encouraging rise for the lower
fat cheeses (eg edam/gouda) (9% to 20%), but significant
declines for cottage/ricotta cheese (18% to 5%), colby/mild/
tasty cheeses (70% to 65%), ice cream (47% to 37%) and
milk puddings (12% to 6%).

Discussion
The varying levels of calcium intake recommended (highest
in the US,8,9 lowest in the UK12) reflect different
philosophies and data sets used by the various committees.
Only the US figures take account of studies published
during the 1990s on the calcium-bone status issue. The US
committee judged the latest evidence to be strong enough to
relate nutritional status to desirable calcium retention during
growth and minimizing of bone loss during adulthood.8 The
earlier UK panel, on the other hand, determined that the
few studies bearing on the question of how nutrition might
affect peak bone mass were inadequate to draw firm
conclusions, and that most studies then available failed to
show a relationship between usual calcium intakes and rate
of postmenopausal bone loss. While the UK panel opted for
the factorial approach in estimating calcium
recommendations (ie needs for growth and balancing
obligatory losses), the US committee included calcium
accretion, calcium retention and calcium balance in their
criteria for calcium adequacy.

Twenty percent of New Zealanders had calcium intakes
below the conservative UK EAR.12 The proportion with
intakes below the UK LRNI was substantial (15-20%)
among women who were: 15-18 years, classified in the
lowest NZDep96 quartile, or Maori. In comparison with the
latest US recommended intakes8 the situation is more
disturbing. The high prevalence of intakes below the UK
EAR among Maori must be interpreted with care given the
lack of specific requirement estimates for this group.

To reduce the projected increase in osteoporotic fractures,
a key public health approach is to ensure a greater
proportion of New Zealanders meet their estimated needs
for calcium. Adequate calcium intakes are important
throughout life for minimizing bone loss8-10,18 and possibly
preventing hypertension19-21 and colon cancer.21 Aside from
their high calcium availability, milk products are an
important source of several other key nutrients such as
riboflavin. Given that milk products, predominantly milk
and cheese, continue to provide the majority of the nation’s
dietary calcium, the most effective public health approach to
reducing the prevalence of inadequate calcium intake is to
increase the proportion of people meeting the New Zealand
Dietary Guideline22 for milk product consumption (a
minimum of two servings per day, one serving = 250 mL
milk or one pottle yoghurt or 40 g cheese). For those who
are able to consume milk products, an increase in the
proportion of the population consuming at least two servings
per day will be the main means of achieving population
shifts in dietary calcium intake. Those who, for some reason,
are unable to consume milk products need to be encouraged
to include alternative sources of calcium such as soy products
(calcium fortified), nuts, canned fish with bones and green
leafy vegetables.

Figure 2. Estimated prevalence of calcium intakes below the 1991
UK Estimated Average Requirements (EAR) and Lower Reference
Nutrient Intake (LRNI).

Figure 3. Sources of dietary calcium in the New Zealand population.
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The predominant factors linked to low or reduced milk
product intake appear to be adverse reactions to milk, dislike
of milk, advice from doctors on dietary fat reduction, beliefs
that milk products are fattening or that current intake is
sufficient.23 Common complaints of lactose intolerance can
lead to unnecessary restrictions of milk products. Research
now indicates that the prevalence of lactose tolerance is
grossly overestimated.24 Even those with low lactase levels
can consume two servings of milk per day in divided doses
without experiencing symptoms, and can well tolerate most
cheeses and yoghurts with active cultures.24

With respect to New Zealander’s skeletal health,
physicians and other health professionals should encourage,
where possible, the consumption of at least two servings of
milk products per day. Also important is recognition that
dietary fat reduction can be accomplished without bringing
about low calcium intakes provided guidance is given on the
many low-fat varieties of milk products now available.25

Almost 80% of New Zealand women who do not consume
two servings of milk products per day have no intention of
increasing their intake and perceive few benefits from
making such a change.26 Health professionals need to play a
key role in increasing New Zealand’s perceptions of the
benefits, particularly for bone health, of improved milk
product (and thus calcium) intake.
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Abstract

Aim. To explore the concept of food security (when there
is enough, appropriate and acceptable food available) in the
adult New Zealand population using the National
Nutrition Survey (NNS97).
Methods. The stepwise development of indicators of food
security included a literature search and focus groups with low
income women and men. Key issues surrounding the
procurement and provision of food were determined and eight
indicator statements prepared for inclusion in NNS97, to be
addressed by each participant on behalf of their household.
Results. Prevalence was significantly higher (p<0.05) for
females compared to males for the majority of indicator
statements among New Zealand European & Others and
Maori. New Zealand European  & Others reported the
most food security; Pacific people reported the least and
NZ Med J 2001; 114: 141-5

Maori fell between the two. There was a significant
increasing linear trend of food security with age (p<0.001),
after adjusting for gender. “Food runs out in my/our
household due to lack of money” was cited more often by
female compared to male New Zealand European &
Others in NZDep96 quartiles III and IV.
Conclusion. The issue of ‘not having enough food’ may be
more prevalent in New Zealand than US or Australia.
Among New Zealand European & Others the higher
prevalence of insufficient food due to lack of money among
females from NZDep96 quartiles III and IV suggests that
males may be protected from this by their female partners.
Food security needs to be improved among young adults,
women, Maori and Pacific people in order to prevent
longer term nutritional health consequences.

An emergent issue in developed countries over the past
decade is ensuring that all sectors of the population are
appropriately nourished.1 In developing countries, explicit
indicators of poor nutrition eg low body mass index or poor
weight gain in infancy can be used to define the extent of the

problem. However, sub-groups of the population in
developed countries may exhibit more subtle ‘symptoms’ of
poor nutrition, which are nevertheless, associated with
unsatisfactory health outcomes.2 For example, the immune
system may be impaired by compromised intake of some
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vitamins and minerals, and this will in turn contribute to
increased susceptibility to infection.3 However, since rates of
only some infections will be influenced by nutrition, it is
difficult to quantify the outcome effect.

In seeking to describe the nature and extent of inadequate
nutrition, nutritionists have debated the validity of prevailing
and new terms. Efforts to define ‘hunger’ have largely been
abandoned because of the difficulty of obtaining precise
measures and disagreement as to whether hunger is purely a
physiological phenomena with long term consequences or
whether it includes the social and emotional consequences of
shorter term deprivations.2 If, for reasons predominantly
economic, it is not possible to assuage hunger, it might
continue for an unacceptable length of time, or be dealt with
by inappropriate acquisition of food or by the consumption
of poor quality food.

‘Food insufficiency’ has been assessed using questions
developed for the Continuing Survey of Food Intake
(CSFII) in 1989 and 1991 and later adapted for the third
National Health and Nutrition Examination Survey
(NHANES III).2 This term reflects ‘not having enough food
to eat’, an issue shown to be clearly related to income level,4
to home ownership, size of household, level of education and
ethnicity. Self reported food insufficiency is correlated with
lower intake of nutrients.2

An extension of the concept of food insufficiency is that of
food security. This term goes beyond the issue of resource
for ‘enough’ food and includes the related issues of
accessibility to food, the quality of that food (nutritional and
biological), whether or not the food available for
consumption is culturally acceptable to the recipient and can
be accessed in a socially acceptable way.5 Conversely food
insecurity exists ‘whenever the availability of nutritionally
adequate, safe foods or the ability to acquire personally
acceptable foods in socially acceptable ways is limited or
uncertain’.6

Food insecurity eventually puts physical health at risk
through malnutrition and can jeopardise emotional and
social wellbeing. Even periodic episodes of food insecurity
are undesirable and could contribute to weight cycling and
obesity.7

Cohen et al consider that a community measure of food
insecurity is the use of ‘non conventional food sources’.8

Thus the increasing use of ‘Food Banks’ (charitable
organisations) throughout New Zealand in the last decade
indicates that food insecurity is an important issue.9

The National Nutrition Survey (NNS97) provided an
unique opportunity to explore the prevalence of food
insecurity within the adult New Zealand population, and to
explore predictors of food insecurity.10 As no fully validated
means of measuring food security (or insecurity) existed in
New Zealand at the individual or household level, it was
necessary to develop appropriate indicators to use in
NNS97. These indicators were developed by Reid,11 piloted,
modified and then used for the first time in a national
sample of New Zealand adults. This paper presents the
prevalence rates of aspects of food security and further
examines some nutritional health correlates of food
insecurity.

Methods
The development of indicators of food security for NNS97 was a
stepwise process commencing with an examination of the literature and
followed by focus groups conducted with low income women and men
from the ethnic groups described by Reid11 as ‘Pakeha’, New Zealand
Maori and Pacific people. From these, the key issues surrounding the
procurement and provision of food were determined. Finally ‘indicator
statements’ which addressed these key issues were prepared for inclusion
in NNS97.

Examination of the Literature. The literature from other developed
countries confirmed the appropriateness and efficacy of the model of food
security as being one which included access to appropriate and acceptable
food at all times. It was clear that several aspects would need to be
addressed to describe the different facets of food security.11

Focus Groups. Qualitative methodology chosen by Reid was ‘a tool to
obtain information on the views and experiences of people in relation to
coping with feeding a family on a limited income’.11 It was assumed by
purposefully sampling focus groups, including those (i) on low incomes
(ii) responsible for food procurement and preparation in their household
and (iii) of ‘Pakeha’, New Zealand Maori and Pacific Island ethnicity, that
all or most of the issues pertinent to food security in New Zealand would
be raised and discussed. However, the sampling for the focus groups did
not adequately represent the elderly. Five focus groups (each of 8-16
people) were conducted, including one Maori, one ‘Pakeha’, two of
Pacific people and one of mixed ethnicity. All participants were either on
a low income or were government beneficiaries. With the exception of
the Maori group (for whom a Maori-facilitator was used) the focus groups
were facilitated by one researcher, and discussion was audio-taped and
transcribed. From the transcribed tapes, responses were analysed
according to the methods of Patton.12 Five key themes (or categories)
were identified, including cultural issues unique to New Zealand.
Development of Indicator Questions/Statements. The five key
themes emerging from the focus groups (food insecurity, food
inadequacy, coping strategies, alternative sources, cultural issues), led to
draft Indicator Questions. These were reviewed by the National
Nutrition Survey Technical Advisory Committee (NNSTAC) and other
researchers, and modified. Nine questions were provided to the NNS97
research team for pre-testing among 300 adults 15+ years.

The NNS97 field staff worked with the researchers throughout this
pre-testing phase and eight statements emerged from the original
questions as acceptable to both interviewers and respondents (Table 1).
First, an introductory ‘explanation’ was developed to be read to each
respondent. This assured them that the emphasis was on how they or
their household procured sufficient food, and not on how they budgeted
or spent money. Then, for each of the eight statements an explanation or
expansion of the issue was prepared to precede the statement and be read
aloud to the respondent. Survey respondents were then shown each of the
eight statements (Table 1) on a showcard. The response options to
statement one were always, sometimes, never. The response options to
statements two to eight were often, sometimes, never.

The focus on the household rather than the individual (individuals
living alone were considered a sole person household) appeared to be
more acceptable to respondents. All direct references to the sensitive issue
of income were removed subsequent to the pre-testing, and the focus put
on ‘lack of money for food’.
Interviewer Training. During the initial training and ongoing regional
training sessions, field staff were encouraged to note any discomfort they
experienced in presenting the Indicator Statements to participants. These
matters were discussed and explanations of the meaning and importance
of each aspect of food security were provided to the trainee interviewers.
Statistical Methods. Multiple logistic regressions were used to
investigate relationships between prevalence estimates of aspects of food
security and ethnic groups, gender, age and socioeconomic status. Tests
comparing prevalence estimates within gender between ethnic groups and
within ethnic groups between gender, were carried out using linear
contrasts after modelling. Analyses were carried out in STAT 6.0
accounting for the complex survey design.

Results
Table 1 summarises responses to each of the eight indicator
statements, which reflect that this was sometimes or at all
times, an issue for the respondent or their household.
Among the indicator statements of food security, the variety
of food I/we are able to eat is limited by a lack of money
(statement 4) was more frequently cited than any other; at
least a quarter of the whole population responded sometimes
or often. For statement 6 (I/we make use of special food grants or
food banks when I/we do not have enough money for food), 6% of
females and 2% of males responded sometimes or often. Both
the statements I feel stressed because of not having enough money
for food, and I feel stressed because I can’t provide the food I want
for social occasions, were responded to as sometimes or often by
15% for females and 9% for males in the New Zealand
population.

Female New Zealand European & Others and female Maori
were more likely to experience food insecurity than males.
Among Pacific people this gender difference was not evident.
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Prevalence was significantly higher (p<0.05) for females
compared to males for seven of the eight indicator statements
among New Zealand European & Others and for five of the
eight, among Maori (Table 1). Between ethnic groups and within
gender there was a significantly different response to all eight
indicator statements for females and males after adjusting for age
(p<0.05). For both females and males, New Zealand European &
Others reported the least food insecurity; Pacific people reported
the most and Maori fell between the two (Table 1).

Figures 1 and 2 show the trends related to age groups. For
both females and males there was a significant decreasing
linear trend with age for all statements after adjusting for
gender (p<0.001). Prevalence peaked most often in the 19-24
year group; statements 2-5 for males and statements 1-6 for
females. The stress related indicators (statements 7 and 8)
peaked in the 25-44 year group for males, and for females
statement 7 also peaked in this age group, but statement 8
for the 19-24 year group.

In order to consider the effect of socio-economic status the
influence of NZDep96 quartile13 (a socio-economic index

assigned to the place of residence of the participant) was
examined in relation to statement 2 (food runs out in my/our
household due to lack of money). Figure 3 illustrates the higher
prevalence of this issue among New Zealand European &
Others females compared to males in quartiles III and IV,
which are the areas of residence with more restricted
resources such as telephone or transport.

Table 2 summarises the nutrients for which a difference in
intake (as indicated by Usual Daily Median Intake) was
observed by quartile of NZDep96. Quartile IV households
had less adequate intakes of seven nutrients (riboflavin,
folate, calcium, manganese, dietary fibre, glucose and
fructose).

Discussion
Food security by definition incorporates the aspects of
affordability and accessibility to appropriate food. The
relative importance of these various aspects of food security
varies between countries, because economic stability, social

Table 1. Percent of households exhibiting different aspects of food insecurity across ethnic groups.

NZ Whole NZ European
Population & Others†  Maori† Pacific people†

Statements Male Female Male Female Male Female Male Female
(described below)

n=1918 n=2691 n=1539 n=2068 n=265 n=432 n=114 n=191
1 12 15 9 11 25 34‡ 40 40
2 11 16 7 11‡ 27 37‡ 51 49
3 11 14 8 11‡ 25 29 37 40
4 24 29 20 26‡ 47 47 50 48
5 6 8 3 5‡ 19 22 29 30
6 2 6 1 3‡ 8 17‡ 13 16
7 10 16 7 13‡ 19 32‡ 33 32
8 10 15 7 12‡ 20 29‡ 34 28

*Pecentage responding to Statement 1: never or sometimes. Percent responding to Statements 2-8: sometimes or often.
†Comparisons in proportions on all statements, within gender between ethnic groups (adjusted for age) were significant (p<0.05).
‡Significant (p<0.05) comparisons in proportion within ethnic group between gender (adjusted for age).

Statements 1-8, as presented to respondents.
1. I/we can afford to eat properly.
2. Food runs out in my/our household due to lack of money.
3. I/we eat less because of lack of money.
4. The variety of food I am/we are able to eat is limited by a lack of money.
5. I/we rely on others ot provide food and/or money for food for my/our household when I/we don’t have enough money.
6. I/we make use of special food grants or food banks when I/we do not have enough money for food.
7. I feel stressed because of not having enough money for food.
8. I feel stressed because I can’t provide the food I want for social occasions.

Figure 1. Aspects of food insecurity by age for males in the New
Zealand population.

Statement 1 responses: sometimes or never; Statement 2-8 responses:
sometimes or often (see Table 1). S=statement.

Figure 2. Aspects of food insecurity by age for females in the New
Zealand population.

Statement 1 responses: sometimes or never; Statement 2-8 responses:
sometimes or often (see Table 1). S=statement.
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structures, and food patterns are unique to each. Therefore,
it is necessary to develop a tool which will capture the
patterns of food security unique to a particular country, and
identify vulnerable or at-risk sub-groups. It may also provide
some insight into the reasons why food security has not been
achieved among particular groups.

Table 2. Intakes of nutrients which differ by NZDep96 quartile
within the New Zealand population.

Nutrient Sex Quartile differences

Riboflavin M IV < II
F IV < I, II

Folate M & F IV < I
Calcium M IV < I, II

F IV < I
Manganese M & F IV < I, II
Dietary Fibre M & F IV < I, II
Glucose M IV < I, II, III

F IV < I, II
Fructose M IV < I, II, III

The eight indicator statements developed for, and used in
the NNS97, provide data useful for a consideration of the
issue of food security within New Zealand but of limited
comparability to similar data in other developed nations. In
the US for example, NHANES III collected data between
1988 and 1994 and found that 4.1% of households reported
sometimes or often not having enough to eat.4,14 The US
Census Bureau Current Population Survey (CPS) concluded
from their 1995 data that 7.8% of households were food
insecure.14 Food insufficiency in Queensland, Australia was
estimated by Radimer et al 199315 to affect 9.7% of
households (8.2% males, 11.1% females). The 1995
Australian National Nutrition Survey found that 5% of
adults (19 years and over) ran out of food and had no money
to buy more.16 This compares to food runs out in my/our
household due to lack of money (indicator statement 2) being
experienced often or sometimes by 14% of New Zealanders
(11% males, 16% females). Given that similar but not
identical tools or indicators were used to assess this aspect of
food security these comparisons must be viewed with
caution, but insufficient food does appear to be a more
prevalent problem among adults in New Zealand than in
Australia or the US.

 Older people in New Zealand appear to be the most food
secure. However, older people were under-represented in
the focus groups and the indicator statements may be
inadequate for this population subgroup. None of the

indicator statements used embodied the issue of access to
food, for example, proximity to supermarkets or transport to
food stores. This is a potential problem in some areas of
New Zealand, and one which may disproportionately affect
the elderly. Nevertheless, food insecurity is most prevalent
in early- to mid-adulthood when expenses for shelter
(accommodation and clothes) and children’s needs for health
and education compete for resources for food.

Within younger age cohorts, there is a significant
proportion who do not consider themselves to be food
secure; who are unable to provide for their households in the
same way as their peers. Relying on others or on food grants
or food banks for food should not be regarded as a normal
practice, but as one, which marginalises. Riches17 in his
treatise on First World Hunger: Food Security and Welfare
Politics states that “food banks stigmatise the poor,
legitimise public begging, and mark the erosion of the social
rights of citizenship”.

Differences in reported degree of food insecurity appear
remarkably similar between females and males, and they are
particularly consistent for Pacific females and males – the
ethnic group reporting the most food insecurity. While
Pacific females and males ‘agree’ over aspects of food
security, among New Zealand European & Others and
Maori, the degree of food insecurity is between 2 and 12%
more likely to be reported as an issue by females. More
females than males in these ethnic groups are likely to be
solo parents18 and this situation is known to be related to
poorer economic circumstances. Also, food provisioning for
a household is more often undertaken by women. Therefore,
it is not surprising that 32% of Maori females are stressed
about lack of money for food compared to 19% of Maori
males. Similarly, 17% of Maori females, compared  to 8% of
Maori males make use of special food grants or food banks
when they do not have enough money for food. Many more
women than men in New Zealand bear the burden of food
insecurity.

Among ethnic groups, New Zealand European & Others
consistently reported the least food insecurity and Pacific
people the most food insecurity. However, since both Pacific
people and Maori are over-represented in the lower socio-
economic groups it may be that ethnicity itself is not the
determinant of food insecurity, but rather aspects of socio-
economic status. Every effort was made to derive indicator
statements equally relevant for all sectors of the population,
but it could be argued that for some of the indicator
statements, Maori and Pacific people have a different
understanding to others. For example, they may place
greater importance than New Zealand European & Others
on provision of food for their household including the
sharing of food19,20 and therefore find it more stressful. It is
possible that if the household size was larger among Maori
and Pacific people, they would be more likely to experience
food insecurity due to the added possibility of inequitable
food distribution.

Not only does money or income enable the purchase of
adequate and appropriate food, but also it frequently
determines area of residence. For New Zealand European &
Others the very different responses observed for males (no
change with area of residence) and females (higher food
insufficiency in areas with least resource) indicates that either
male participants were unaware  of this issue of food security
as presented to them or they may to some extent be protected
from it by their female partners. Studies in the UK21 and in
New Zealand22 exploring the effects of socio-economic
disadvantage on nutritional status have noted that low energy
and low nutrient intakes are most marked among women,
compared to men or children which would support this view.

Figure 3. “Food runs out in my/our household due to lack of money”
by Quartile of NZDep96 for NZ European European & Others,
females and males. *Difference between genders in the proportions
who respond ‘often or sometimes’ to this statement is dependent on
the level of deprivation after adjusting for age (adjusted Wald test F3,
1477 = 3.52, p = 0.01).
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Among Maori across NZDep96 quartiles there is also an
increasing level of ‘insufficient food’ and a difference
between genders. No interaction was found between gender
and NZDep96 quartile, as was observed among New
Zealand  European & Others (p=0.015), but this could be
due to lack of statistical power.

Results of the NNS97 show that fruit and vegetable
consumption were the most compromised in NZDep96
quartile IV, the quartile with the highest reported incidence
of insufficient food.10  The New Zealand Nutrition Task
force Guidelines23 of three plus servings of vegetables per
day and two plus servings of fruits were met by fewer
residents of NZDep96 Quartile IV, compared to those in
Quartile 1. The nutrients noted to be most compromised
among residents in NZDep96 Quartile IV are those
provided by perishable foods; fruits, vegetables and dairy
products. Further examination of the NNS97 data will
therefore be undertaken to relate all or some of the indices
of food security to food choice and nutrient intake. It may
then be possible to predict inadequate nutrient intake from
such measures of food security.

In conclusion the indices of food security developed as part
of the NNS97 differentiated between population subgroups:
males vs females; selected ethnic groups; and across the age
spectrum of the adult population of New Zealand. It appears
that adult New Zealanders are more food insecure than adults
in either the US or Australia. In particular, improved food
security status of young adults, of women, and of Maori and
Pacific people is needed. The trend for aspects of food
insecurity to be highest among young adults compared to
older people is particularly serious. These are the years when
healthy eating is important in order to prevent future
problems for example, osteoporosis, raised blood cholesterol
levels high blood pressure. The data presented here suggest
that many New Zealanders feel that they are not able to
achieve this. As this cohort become older it will be vital to
monitor their food security and nutritional health. If
prevention is better than cure, action is required now.
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PROCEEDINGS

Bacteria conjugate inside human cells. Gayle C Ferguson, Martin
Kennedy, Jack A Heinemann, Department of Plant and Microbial
Sciences, University of Canterbury and Department of Pathology,
Christchurch School of Medicine, Christchurch.
Many bacterial pathogens invade our cells. We are interested in
whether or not bacteria are able to exchange DNA with each other
when inside human cells. Transfer of DNA from one bacterium to
another could occur by two mechanisms. Transformation (uptake of
free DNA) or conjugation (the regulated transfer of plasmids from
donor to recipient). Since most antibiotics are ineffective inside
mammalian cells, they may be a niche for the evolution of resistance in
invasive pathogens. Invading bacteria accumulate in vesicles inside
human cells, protected from antibiotics. If bacteria are able to conjugate
inside human cells, a model can be proposed for the simultaneous
evolution of highly virulent and highly resistant bacterial strains such as
those found in our hospitals. Furthermore, demonstration of
intracellular conjugation will support the potential role of conjugation
as a mechanism of gene transfer from intracellular bacteria to the
animal cell nucleus or organelles. A human cell line in tissue culture was
infected with recipient Salmonella typhimurium and either invasive or
non-invasive donor S. typhimurium and the frequency of RP4 (IncP
plasmid transfer from donor (rifampicin resistant) to recipient (nalidixic
acid resistant) was measured. Recombinants were detected at a high
frequency (2-5 x 10-3 per donor), and only when the donor bacterium
was invasive. Recombinants did not form by extracellular mating, nor
did they form when the donor bacterium carried a non-conjugative

plasmid. Thus, the likely mechanism of plasmid transfer was
conjugation.

Personality, depression and brain blood flow. Robin M Turner,
Department of Mathematics and Statistics, University of
Canterbury; Irene L Hudson, Department of Psychological
Medicine, Christchurch School of Medicine; Philip H Butler,
Department of Physics and Astronomy, University of Canterbury,
Christchurch.
The relationship between regional cerebral blood flow (SPECT), personality
types (TCI-R) and psychological symptom severity (SCL-90) is an important
key in the search to understanding some psychiatric disorders. Our initial
investigation is a summarisation of the personality and symptom data for 179
depressed patients. Aims of the study were: to reduce the number of variables
in the symptom and personality questionnaires to summarised combined
profiles; to look for common links across gender structure; to investigate
gender specific change over time and to develop structural models to
interrelate personality and symptoms in the depressed patients.

Methods were: Principal Components Analysis (PCA) to create
summarised indices for personality and symptoms; Flury chi-squared tests
to investigate gender similarities; General Linear Modelling to investigate
effects across time and gender and Structural Equation Methods (SEM)
to develop models to interrelate and describe the personality and
symptom structures in males and females separately.

PCA reduced the symptoms from 90 questions to five combined
symptom profiles involving the nine symptom traits. Similarly, the 240
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personality variables were reduced to four contrast profiles using the
seven personality traits. We found a common link across gender structure
in the symptoms at baseline only. This common structure showed a
significant reduction in symptoms across time (p<0.0005), significant
gender differences (p<0.05), and similar reduction in symptoms over time
between males and females. We used SEM to develop models to
interrelate and describe the personality and symptom structures. We are
the first to date to have a combined personality and symptom model for
depressed males and females.

Tash pen Khonsu – an early Ptolemaic mummy. Steven R Muir,
Department of Medical Physics and Bioengineering, Christchurch
Hospital; Roger Fyfe, Canterbury Museum, Rolleston Ave; Roger
Jackson, Department of Radiology, Christchurch Hospital,
Christchurch; John Dennison, Department of Anatomy and
Structural Biology, University of Otago, Dunedin.
Tash pen Khonsu is an Egyptian mummy at Canterbury Museum about
which very little was known. An x-ray computed tomography (CT) scan and

a conventional radiographic x-ray were proposed to verify the existing
biographical information, and to investigate her state of health. The
examinations took place in 1998 using a mobile Atomscope x-ray machine
and a Siemens Somatom Plus CT scanner, abiding by the ethical principle
that she be treated with dignity. The scan showed that she was female,
approximate age at death 25 years, height 147cm, and weight 50-55 kg. She
was wearing no jewellery, which is unusual given the expensive coffin. No
evidence was found of tuberculosis or hardening of the arteries, although she
may have suffered from some illness evidenced by Harris lines at the distal
end of her tibia, representing disturbances in both growth during illness or
malnutrition. Some evidence of osteoarthritis was found in the knee and hip
joints. Her teeth are in remarkably good condition indicating a nutritious
semi-liquid diet rather than the staple diet of very abrasive bread. The body
appears to have been crushed at the hips to fit into the coffin, evidenced by
the subluxation of both sacroiliac joints and the overlapping of the pubic
symphysis. 3D reconstructions and animations of the mummy provide a
unique way of interacting with the CT scan data, resulting in a more accurate
impression of her visual features and structural shape.


