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This Issue in the Journal

Seasonal variation in vitamin D levels in the Cantdury, New Zealand
population in relation to available UV radiation

John Livesey, Peter Elder, M Jane Ellis, RichardKdzie, Ben Liley,
Chris Florkowski

We measured blood vitamin D levels in volunteers patients in Canterbury

(119 females, 82 males; median age 45 years, Ehge83) and found that

most people are vitamin D deficient most of theetwhen compared to the latest
international recommendations, particularly in laiater and early spring. We then
used mathematical modelling to predict the dailyant of vitamin D
supplementation required to correct this deficieagt found that about 2600
international units per day is needed. This is wbthve current New Zealand
guidelines of 1600 international units per day andgests that the widespread
consumption of relatively high prescription strandbses of vitamin D is likely to be
needed to ensure the optimal health of the Camggmpulation by reducing the
incidence of chronic diseases such as fractureklar people, cancer, and muscle
weakness.

Vitamin D and muscle strength in patients with prevous fractures
Charles A Inderjeeth, Denise Glennon, Anthony Pdgasamine Soderstrom,
Irene Boyatzis, Jeffrey Tapper

Vitamin D deficiency is a common and important peob in older people and it is an
important factor in osteoporosis. Vitamin D defiisg may also be an important
cause of poor muscle strength and falls, espedrallye elderly. Our study at a
hospital in Western Australia studied vitamin Ddesvand leg muscle strength in 99
women aged over 60 and found that low vitamin 2lewere associated with poor
leg muscle strength. Correcting Vitamin D deficigintcay be important in reducing
fracture through both reducing osteoporosis anddaied falls through improved
muscle strength.

The failure to diagnose inborn errors of metabolismn New Zealand: the case for
expanded newborn screening
Callum Wilson, Nicola J Kerruish, Bridget Wilckdtsko Wiltshire, Dianne Webster

Inborn errors of metabolism refer to a group oérgenetic chemical disorders.
Children with these conditions often present weh@us symptoms such as coma.
However because these symptoms are usually dubdo more common conditions
clinicians may not investigate the patient for aderlying metabolic disorder. This is
unfortunate as treatment (if commenced very ealiginatically improves the
outcome. This paper reports the findings of a matide 3-year surveillance study
that shows that these disorders have been undgratiad in recent years in New
Zealand. A small number of children are likely tvh died yearly as a result.
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The recent introduction of expanded newborn scregra process whereby key
chemicals are measured in the neonatal Guthrieldaaod! test prior to the child
becoming sick, will hopefully improve this situatioThe paper further discusses this
new form of screening, its advantages and limitetio

Phenylketonuria—the lived experience
Nicole Frank, Ruth Fitzgerald, Michael Legge

This research is based on interviews with eighppewho live with phenylketonuria
(PKU) in New Zealand. PKU is a severe genetic dispaffecting the body’s ability
to produce certain proteins which help to breakniéood into its constituent
components. It is treated by following a very stdiet which must begin at birth and
be followed for life. People who live with the dése describe the effect of it as
turning them into expert negotiators in the medisatial, and personal spheres of
their lives. They recount the consistent jugglimghe risk of their unknown futures
with the conflicting demands for expressing affectand pleasure through shared
eating with family and friends versus the needdioesie very strictly to their diets to
try to retain their health and mental facilities.

Glycaemic control and antibody status among WaikatoNew Zealand patients
with newly diagnosed Type 1 diabetes
Doron Hickey, Grace Joshy, Peter Dunn, David Simsn&woss Lawrenson

Type 1 diabetes is categorised as either beingiy®sir negative for various auto-
antibodies related to pancreatic function. It hassbheen established whether the
actual titres of anti-GAD or anti-IA2 antibodiesdadignosis have prognostic
implications, although the presence of anti-GADesieved to be indicative of beta-
cell destruction. Our study did not show any stiatidly significant associations
between antibody status and subsequent hospitassidm for diabetic ketoacidosis.
But a positive anti-lIA2 status was associated Wwétier glycaemic control
(HbA1c<10%). If there is evidence of antibodiedA@ present then this is a
predictor of better glycaemic control and it maytiat these patients will have less
complications than those who are anti-lIA2 negatWe.believe this is the first time
this finding has been reported.
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Vitamin D—how do we define deficiency and what cawe
do about it in New Zealand?

Robert Scragg, Jim Bartley

Although we live in a sunny clime, and the surhis imain source of our vitamin D,
for some reason New Zealanders have lower vitamgwvBls in their bodies than
people in other comparable countries at similarudés.

Vitamin D status is determined by blood levels f®/droxyvitamin D (250HD).
Recent findings from the 1997 adult nutrition syrgbow a mean 250HD level of 50
nmol/L in New Zealanders aged5 years, considerably lower than mean values
above 70 nmol/L seen in the adult US populationcilives at similar latitudes as
the New Zealand population, and similar to the nleaal of 50 nmol/L in the UK
adult population which lives at higher latitudeg (ifurther from the equator than
New Zealand}.

Mean vitamin D levels are lower still among &fi (42 nmol/L) and Pacific people
(37 nmol/L)! Furthermore, South Asian people are likely to Havevitamin D
levels because of their darker skins, and veiliitd waditional dress by many
Muslim immigrants also places them at increasddaigieveloping vitamin D
deficiency® Moreover, osteomalacia and rickets are condittbashave re-emerged
in clinical practice®

Given our lower than expected vitamin D status,tétee articles on vitamin D in this
issue of theJournal one from Christchurch which confirms the low wiia D levels
described aboveand one from Perth (Western Australia) which reparsignificant
positive association between serum 250HD leveldemduscle strengthare
timely since they contain conclusions that arevahé to both clinicians and
policymakers.

Although the article by Inderjeeth and colleaguegsorts results from a sample of
women aged >60 years living in Petttheir findings most likely apply to older New
Zealand women since the mean 250HD of 52 nmolthénPerth sample was higher
than the value of 43 nmol/L in New Zealand womeadag5 years in the 1997
nutrition survey* and probably also applicable to New Zealand mexia§5 years
who had a mean 250HD level of 52 nmal/L.

The Perth study is consistent with a recent meédyars which found that vitamin D
supplementation reduced the relative risk of fglloy 22%, with an absolute risk
reduction of 7%, so that the number needed to (NI&T) to prevent one fall was 15,
although the time period required for treatmenirislear as this was not provided by
the authors of the meta-analySis.

There is a well-described mechanism for this efégate vitamin D receptors have
been identified in skeletal muscle, and vitaminup@ementation increases muscle
strength by increasing the size and number of tiypriscle fibres, so that gait and
balance are improved. Thus, vitamin D, in comboratvith calcium, protects against
hip fracture by increasing bone density and musicength’
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There is a further finding from the Perth study #md directly addresses the question
of how we define vitamin D deficiency. Previouseash has determined that
vitamin D deficiency is defined by a serum 250HDole50 nmol/L® Yet, this
conclusion is challenged by the observation inRBgh study showing that the
association between serum 250HD and muscle strevagtstrongest in women with
250HD levels above 50 nmol/L.

This result is consistent with emerging reseandmfboth physiology and
epidemiology, that optimum vitamin D status occtrserum 250HD levels above 80
nmol/L. Indeed, metabolic studies have shown thataroportion of dietary calcium
absorbed from the gut maximises (at just over 3@¥gn serum 250HD levels are
above 80 nmol/L.

However, the strongest evidence comes from epidegiaal studies which have
shown that the risk of a range of medical condgieincluding bone density,
periodontal disease, colon cancer, hypertensiah|uarg function—is lowest in
people with serum 250HD levels above 80 nmdit?

Some of this evidence comes from New Zealand ssudid¢arge workforce diabetes
survey carried out in Auckland and Tokoroa fourat the risk of undiagnosed
diabetes and impaired glucose tolerance was loatesserum 250HD level above 83
nmol/L.*® An Auckland-based case control study of myocardialrction (which
reported 250HD levels as nmol/L instead of theaxrunits of ng/mL) found that the
lowest risk of myocardial infarction occurred &2%0HD level above 43 ng/mL (or
107 nmol/L)*

It is still unclear whether there is a thresholé @50HD level of about 80 nmol/L for
maximal health gains associated with increasedamitd, or whether the relationship
between 250HD and health status continues to ingpatmove this value; further
research is being carried out to clarify this.

But either way, defining vitamin D deficiency a2@0HD level below 50 nmol/L is
clearly not supported by the current evidence;noptn health occurs at much higher
levels than this. Most hospital laboratories cuttyedefine vitamin D deficiency as a
serum 250HD <50 nmol/L, and clinicians need totezforet this value for their
patients in light of the above evidence.

Clinicians, and policymakers, will also find reletanformation in the Christchurch
study by Livesey and colleaguéBesides confirming the results of previous regearc
showing low vitamin D levels in New Zealandersstkiudy has estimated both the
amount of vitamin D synthesised from sun exposuigoith summer and winter, and
also the amount of oral vitamin D required to irase winter serum 250HD levels up
to optimal levels.

Their estimate—1450 IU or 2600 IU of vitaminy Bach day is required to increase
serum 250HD to 75 nmol/L or 100 nmol/L, respectpels way above the current
recommended level of 400 IU per day for people d&gfeel0 years and 600 U for
people aged >70 years, but in line with currergnmational opinion (see reference 1
of their paper).

Given that mean serum 250HD levels of New Zealandeerage 50 nmol/L for both
children and adults, the evidence that health statproves at 250HD levels above
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50 nmol/L indicates that vitamin D needs to be poted higher up the public health
agenda, since 84% of the adult population have Z5@idels below 80 nmol/L.

At the moment, non-government organisations, ssdha&Cancer Society of New
Zealand and the Health Sponsorship Council, axendyithe development of policy
on sun exposure, vitamin D, and health, but withfdtus firmly on (avoiding) sun
exposure.

As Livesey and colleagues discuss, a second syrategreasing vitamin D

supplementation—needs to be considered in New ddamce vitamin D synthesis

from the sun during winter for people in Christatturs estimated to be only 60 1U
4

per day.

However, a third strategy also needs to be thrawmthe mix—mandatory vitamin D
fortification (currently it is optional) of certaiimods such as margarine and milk
products, which already happens in several comtineluding the US, UK, and
Australia.

As research continues to emerge, the Ministry adlthesoon will need to engage on
the broad issue of vitamin D and health, and takeeoship of it.
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Seasonal variation in vitamin D levels in the Cantdury,
New Zealand population in relation to available UV
radiation

John Livesey, Peter Elder, M Jane Ellis, RicharKblwzie, Ben Liley,
Chris Florkowski

Abstract

Aim The optimal plasma 25-hydroxyvitamin D (25(OH)Dncentration is probably
>75 nmol/L but in temperate regions lower levels @mmon. Few studies report the
intensity of solar ultraviolet (UV) radiation wh@&%(OH)D is measured. We
measured plasma 25(OH)D and incident solar UVBatazh in Christchurch and
modelled the relationship between them.

Methods 25(OH)D, total calcium (Cg, ionised calcium (Gaand parathyroid
hormone (PTH) were measured in healthy voluntekl8 {emale, 82 male; median
age 45 years, range 18 to 83) between Februaryuwdp@004. Vitamin D-weighted
UV energy measurements (dUV) for Christchurch viesm the National Institute of
Water and Atmospheric Research (NIWA) UV Atlas.

ResultsIn February 2004, 88% of 25(0OH)D levels were bel@nmol/L, increasing
to 100% in June and July. Severe deficiency (<h#bl/L) was found in 1.5% of
subjects. From February to July, 25(OH)D andf€lhand Ca rose (p<0.001,<0.01,
and <0.001). There was a hyperbolic relationshigveen PTH and 250HD while
Car and Cacorrelated negatively with PTH (r=-0.30 and -0.88th p<0.001).
Monthly mean dUV intensity ranged from 10k¥ day” in Dec 2003 to 0.5 kv

2 day* in June 2004. Compartmental modelling estimatatahChristchurch person
made 1200 IU/day of vitamin D in mid-summer butyo®0 IU/day in midwinter.
Daily supplements of 1450 or 2600 IU vitamig &e predicted to raise the annual
minimum mean plasma 25(OH)D to 75 or 100 nmol/lpessively.

ConclusionsMost Christchurch people are vitamin D deficientsinof the time and a
daily supplement of 2600 IU vitaminz®vould correct this.

It is recommended by some authorities that thenpdasoncentration of 25-
hydroxyvitamin & [25(OH)D] should be at least 75 nmolft> This figure is based
both on observational evidence relating 25(OH)lgvo the risks of fracture,
periodontal disease, colorectal cancer, and lowwemity muscle weakness, and on
the 25(0OH)D levels found in those, such as farmedslifeguards, with sun exposure
typical of conditions in which modern skin tonesked.

Further, a randomised controlled 4-year study oletalciferol plus calcium
supplementation in postmenopausal women, whickdgiasma 25(0OH)D from 72
to 96 nmol/L, reduced by 77% the likelihood of lgeaiagnosed with cancer between
1 and 4 years after the initiation of the tfial.
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In contrast, surveys, especially of older peoplenan apparently sunny countries
such as Spain, Italy and Greéderazil ° and Australid, show high proportions of
people with 25(OH)D levels less than 75 nmol/L tigatarly during winter months.

Within New Zealand, a survey of the Auckland workfafound that a large
proportion of the workers, if not the majority, heefum 25(OH)D concentrations
below 75 nmol/L® as did Auckland elderlypregnant women in Wellingtd,
Dunedin elderly;! and New Zealand children throughout the coutftry.

In a survey of New Zealanders aged 15 years aret,38o were considered to have
frank deficiency (<18 nmol/L) and 48% insufficien®dased on a cut-off of 50
nmol/L,*® and with differences apparent due to age, getatérde, and season.

Only a few studies at a limited number of latitu@®S? 37°S? and 68N have
measured the intensity of ultraviolet radiation (L&f ground level at the same time
as the 25(0OH)D measurements were made. The said¥$S and 37S were limited
to older subjects (>40 years and >65 years resgdg)iand the study at 88 had
only 15 participants and covered a time periodrdy 60 days.

We now report the relationship between plasma 2500evels and solar UV in the
general adult population in a southerly New Zealacdtion. We also develop a
model of vitamin D metabolism to assist in the etifee remediation of poor vitamin
D status.

Methods

Subjects

Volunteer group—The subjects were residents of Christchurch, Nealdfel (44S), who volunteered
to participate in a study to establish referenterirals for endocrine and metabolic test methotis. T
study was approved by the Upper South B Regiortat& Committee. Recruitment was performed by
contacting individuals selected randomly from Cohisirch electoral rolls (241 responses, a 14%
response rate) or by advertising (76 responses).

Volunteers completed a health questionnaire an@ wecepted if aged 18 or over, considered
themselves healthy, and did not meet exclusioergithat included diabetes and endocrine condition
relevant cancers, steroid medication and recergitadisation. Of the initial volunteers, 33% were
excluded either to meet study criteria or to av@itiore severe gender imbalance.

A single morning blood sample was collected witthie period of February to August 2004 from 209
individuals of whom 105 were fasting. After furttetcluding those who were taking vitamin D
supplements or cod-liver oil, 25(OH)D measuremedee available for 201 volunteers (119 females,
82 males).

The mean (xSD) age was 46+14 years with a medidb g€ars (range 18 to 83) and the mean (xSD)
body mass index was 26.3+4.7.

Patient group—This group consisted of patients within the Chtistch region from whom samples
were submitted to Canterbury Health Laboratoriesfeasurement of plasma 25(OH)D between 1
July 2003 and 31 December 2004.

3702 samples were from females and 1138 from mai#fs,a mean (xSD) age of the whole group of
59+23 years and a median age of 63 years (range Q1). Samples were submitted from hospital
wards, outpatient clinics and private practicess ftot known how many patients were taking vitamin
D supplements.

Biochemical analyses

25(0OH)D was measured using the DiaSorin radioimrassay kit (Stillwater, MN, USA). The
antibody cross-reacts with vitamin, Bnd B, equally and results are the mean of duplicate
determinations with internal and external QC saspieesach batch. The low, medium, and high QC
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values with coefficients of variation are 16.5 @%), 35.9 (7.8%), and 132 (7.8%) nmol/L
respectively. The laboratory is a participant ia BEQUAS (Charing Cross Hospital, London, UK)
vitamin D external quality control programme.

Plasma calcium was measured on the Abbott Aerosdyser (Abbott Laboratories, Abbott park, IL,
USA) by colorimetry using the Arsenazo-IIl dye mathwith correction for albumin (+ 0.02*[40 —
albumin(g/L)]). The intra-assay CV was 0.8% at 3aifin

Serum ionised calcium was measured on the Corn& ®lood gas analyser (Ciba Corning
Diagnostic; Medfield, MA, USA) by calcium ion-sete® electrode (between-batch CV 1% at 1.22
mmol/L). Assay stability was assured, as a matteoatine, by collation of daily patient means &ir
major analytes on the Abbott Aeroset analyser ancotlation of monthly means and SDs for all
internal QC samples. No significant assay drift weislent for either calcium or albumin over thedim
period of the study.

Parathyroid hormone (PTH) and C-telopeptide (CTXyawmeasured using the Roche Elecsys 2010
system. The low, medium, and high QC values witkfficients of variation are 2.2 (6.9%), 8.2
(5.3%), and 31.5 (4.7%) pmol/L for PTH—and 0.4&¢3), 0.59 (10.4%), and 1.64 (5.2%) ug/L for
CTX.

Bone-specific alkaline phosphatase (BALP) was megsusing the Beckman ACCESS system and
the low and high QC values with coefficients ofigtion are 10.9 (7.5%) and 64.2 (6.8%) pg/L.

UV radiation

Daily UV irradiances (W/i) at 1-hour intervals were taken from the Natidnatitute of Water and
Atmospheric Research (NIWA) UV Atlas software pagdka
(http://www.niwascience.co.nz/services/uvozone/atlas

The irradiances for Christchurch were summed te tfie mean for each month of total erythemally-
weighted UV (eUV) and vitamin D-weighted UV (dUVgpday. For erythema, the weighting is
according to McKinlay and Diffey> For vitamin D, the weighting is from Maclauglin 8erson and
Holick,*® normalised to unity at 315 nm and truncated atr&h5s suggested by MF Holick (personal
communication, 2006).

The data product is derived from a combinationhafrswave pyranometer data to estimate cloud
effects, satellite-derived estimates of ozone mnafiative transfer mod&| The pyranometer data are
from LICOR LI-200 sensors. The accuracy is apprataty +10%.

The UV data in the current study is the environralypiavailable UV. This study did not attempt to
measure or estimate personal UV exposure, whichrapon an individual’s lifestyle, and may be
only 3% or less of that availabl®.

Statistical analysis

The NCSS statistical package (Kaysville, Utah, U8} used for analyses. Confidence intervals (Cl)
for estimates are 95% intervals. Correlations veateulated by the non-parametric Spearman
procedure and a significance level of 0.01 was us@tew of the number of correlations examined.

Modelling

We used the three-compartment model of vitamin Babaism shown in Figure 1 to represent the
production and losses of vitamiryk Bnd 25(OH)D in humans.

Compartments 1 and 2 are, respectively, fasteskvaer turnover vitamin Pcompartments while
compartment 3 contains 25(0OH)D. Parameigethe volume of the 25(OH)D compartment, was taken
to be 8 litres? and the half-life of 25(0OH)D was taken to be abbidays?’ giving a value foks, of

0.5. The other parameters in the model @fer,, the volumes of compartments 1 and;2the dietary
intake of vitamin Dk, the rate constant for cutaneous vitamin D prddodby solar dUV; rate
constantk;, andk;; representing the interchange of vitamin D betws@npartments 1 and Rj3, the
rate of conversion of vitamin D to 25(OH)Ry,, the rate of metabolism of vitamin D by other
pathways; andlz4, the rate of conversion of 25(OH)D to other metié® The parametersand

define the non-linear feedback controkef by the concentration of 25(OH)D.
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Figure 1. Model of vitamin D metabolism

I

Compartments 1 and 2 contain vitamigdhd compartment 3 contains 25(OH)D; 4 denotebédurt
(undefined) metabolites. Rates (nmol/day) are dmhoand rate constanks Parameters and define
the feedback of 25(OH)D on its production ratedietary vitamin B, r,=k.E.., E,=dUV energy,
r15=K12C1, 121=K21Co, 1247K24C2, I23=Ko3Co=C, /(1+ C3), I'34~Kz4Ca.

To obtain values for the parameters in the motiel best-fit values fory, v, kip, Ko1, , , kog, @andkag
were estimated from the data taken from the litegagiven in Table 1 using the downhill simplex
optimisation procedur.Then, to estimate the quantitative relationshipveen UVB radiation in
Christchurch and the plasma 25(OH)D levels in thieinteer group, best-fit estimatesrpfndk,,

were obtained by fitting the model to the mean miyn25(OH)D values in the volunteer group and the
daily dUV energy intensity measurements during 2808 2004. The goodness-of-fit criterion was the
minimum absolute deviation.

Table 1. Data from the literature used to estimat¢he parameters of the model in
Figure 1

Dosage Reference Datum Units Observed value Predicted value
300000 1IUDR | Wu et af? 25(0OH)D, maximum day 17 22
oral bolus 25(0OH)D, maximum nmol/L 65 77
25(0OH)D, 100 days nmol/L 38 37
50000 IU Oy Armas et &’ D3, 1 day nmol/L 30 31
oral bolus D3, 3 days nmol/L 12 12
25(0OH)D, maximum day 15 23
25(0OH)D, maximum nmol/L 17 18
10000 U Dy Heaney et &f 25(0OH)D, 21 days nmol/L 63 44
daily 25(0OH)D, 130 days nmol/L 152 148

Values predicted by best-fit model parameter vahiss shown.

Results

The results for plasma 25(OH)D are summarisederufiper two panels of Figure 2.
Plasma 25(OH)D tended to rise as UVB energy rospiimg and to fall as UVB
energy fell in autumn. For the individual valueghe volunteer group, the amplitude
of a sine function fitted to 25(OH)D was 17.3 nmhqiC1=12.1 to 22.6, n=201), and
for the monthly mean 25(OH)D in the patient grougsv@.4 nmol/L (Cl=4.5-12.2,
n=17).
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The 25(0OH)D levels tended to lag behind UVB anddioth subject groups the
Spearman correlation between dUV and 25(OH)D wasnaaximum when the lag
was 2 months, being 0.89 (n=6, p=0.02) for the nt@ar group and 0.79 (n=16,
p<0.001) for the patient group.

There was no significant difference in the montiigan 25(0OH)D levels between
females and males in the volunteer group (meaeréifice=0.5 nmol/L, Cl =-4.4-5.3
nmol/L, n=6)—nbut in the patient group, monthly me&&{OH)D levels were higher
for females (mean difference=2.9 nmol/L, CI=0.5-330l/L, n=18).

Table 2 gives the proportions of subjects in thiemt@er group with 25(OH)D levels
below commonly use€d® cut-off levels. The large majority had below opirfevels
(<75 nmol/L) regardless of the time of year andriagority showed insufficiency
(<50 nmol/L) in June, July, and August.

Deficiency (<25 nmol/L) was evident in at leasea/findividuals in each month
studied and rose to 35% of the volunteer groupliy-August. Only 1.5% of the
volunteers had 25(OH)D below 12.5nmol/L (1 persoMay and 2 in July).

Table 2. Monthly proportions of the volunteer subje&t group with plasma
25(0OH)D concentrations below specified levels

Month Number of subjects <25 nM (%) <50 nM (%) <75 nM (%)
February 40 3 40 88
March 63 2 40 91
April 28 7 39 93
May 35 3 46 91
June 11 9 64 100
July—August 26 35 89 100

The correlations between the time of year and thasured analytes, and between the
analytes, are given in Table 3 for the volunteeugr As the year progressed
25(0OH)D levels fell (p<0.001), total calcium (garose (p<0.001), and ionised
calcium (C&") fell (p<0.01). PTH levels were neither signifitigrcorrelated with

time of year nor with 25(OH)D levels but for themlinear regression function,

PTH=a + b/25(OH)D, the estimates afandb (with CI) were 2.83 (2.51-3.15) and
24.4 (12.7-36.1).

The mean+SEM February (n=40) and July/August (nv2%)es for total calcium
were 2.20£0.02 and 2.28+0.02 mmol/L respectivehe Torresponding values for
ionised calcium were 1.19+0.01 mmol/L and 1.14+0v0hol/L.

The monthly ratios of mean daily dUV and eUV enesgh Christchurch are shown
in Figure 3.

NZMJ 21 September 2007, Vol 120 No 1262 Page 13 of 94
URL: http://www.nzma.org.nz/journal/120-1262/2733/ © NZMA



Figure 2. Monthly plasma 25-hydroxy vitamin D concatrations in male and
female Christchurch residents (mean+SEM) for (a) tk volunteer group and

(b) the patient group; (c) represents the correspating monthly means of the
UVB energy received daily at ground level and the aximum daily temperature.
The first month is July 2003 and the last month i®ecember 2004.

md @

[250H-vit D] (nM)

[250H-vit D] (nM)

UVB energy (kdm>-d ™
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NZMJ 21 September 2007, Vol 120 No 1262 Page 14 of 94
URL: http://www.nzma.org.nz/journal/120-1262/2733/ © NZMA



In (a) and (b), —

200 IU/d. In (c), —— dUV,

male,

—— female.The smooth dashed line ia)(s the prediction of the best-fit
model (dietary vitamin D 350 1U/d), and the dottiee shows the best fit if dietary vitamin D is asged to be

--- elyv, maximum temperature. The one volunteer studiekligust

(with a 25(OH)D value of 22 nmol/L) is not included

Table 3. Correlations within the volunteer group

Variables Time 25(CH)D PTH BALP CTX
25(0H)D -0.30° 1

PTH -0.16 -0.10 1

BALP -0.01 -0.21 0.20 1

CTX -0.10 -0.13 0.33" 0.45 1
Cat 0.37" -0.08 -0.30" 0.03 -0.07
ca™ -0.19 0.21 -0.33" -0.02 0.00

* p<0.01, *p<0.001; PTH=Parathyroid hormone; BALRxte-specific alkaline phosphatase;
CTX=C-telopeptide.

Figure 3. Ratio of mean daily vitamin D-weighted UVenergy (dUV) to mean
daily erythemally-weighted UV energy (eUV) in Chrigschurch monthly from July
2003 to December 2004

2.2

2.0

1.8 1

1.6 1

dUv/eUV

1.4 1

1.2 1

1.0 T

The best-fit values of the parameters for the moélgltamin D metabolism are given
in Table 4. The estimated dietary intake of vitamixr;) is 23 nmoles/day (9 pg/day

NZMJ 21 September 2007, Vol 120 No 1262
URL: http://www.nzma.org.nz/journal/120-1262/2733/

Page 15 of 94
© NZMA



or 350 1U/day) andk, is estimated to be 8 nmo¥ kJ*. The predicted values for the
literature-derived data using the best-fit paramsedee given in Table 1.

The plasma 25(OH)D concentrations predicted fovtilanteer group throughout
2004 are shown in Figure 2a, both for the besdifitary vitamin D intake of 350
IU/d, and for an assumed dietary intake of 200 Jwidvhich case the best-fit value
of ky is 10 nmolm? kJ™.

Table 4. Best-fit estimates of the parameters of hmodel of vitamin D
metabolism

Parameter Value Units

Vi 53 litre

Vs 60 litre

Vs g’ litre

Iy 23 nmol day*

Ky 8.0 nmolm? kJ*

Ko 39 litre day*

ko1 6.9 litre day*

Koa 0.81 litre day*

Kaa 0.5 litre day*
1.33 nmol day*
0.039 litre nmor*

tValues obtained directly from literature.

The quantity of supplemental vitamin D needed teeréhe modelled annual
minimum mean plasma 25(OH)D in the volunteer grmup5 nmol/L is predicted to
be 1450 IU/d (36png/d), or to raise the annual mummmean to 100 nmol/L, 2600
IU/d (64 ug/d). In the latter case, the annual mmaxn mean plasma 25(OH)D is
predicted to be 114 nmol/L. For both simulated $eiment doses the annual
maximum mean plasma 25(OH)D occurred in mid Felyraad the annual minimum
mean in early September.

In the absence of sunlight, the corresponding supehtation required is predicted to
be 1600 IU/d (41 pg/d) and 2700 IU/d (68 pg/d).tm other hand, if year-round
sunlight exposure were to be doubled, in the alssehsupplementation, the annual
maximum plasma 25(OH)D is predicted to rise frormbtol/L to 80 nmol/L and the
annual minimum to rise from 29 nmol/L to 37 nmol/L.

Discussion

The two principal findings of this study are figsthat most, if not all, of the
apparently healthy general population in Christchudo have not adequate
circulating levels of 25(OH)D at some time durihg tyear, and secondly that
relatively high levels of supplementation with witia D would be required to achieve
healthy concentrations of 25(OH)D year round.

Considering first the high prevalence of vitamir&ficiency, Table 2 shows that
even in summer, in February, only 12% of the vatenigroup had optimal (>75
nmol/L) plasma 25(OH)D levels. This percentagedelling the autumn and winter
until in June, July, and August, no one achieveéslltdvel.
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Of even greater concern is that in every monthistct least some of these self-
declared “healthy” people were vitamin D defici¢n25 nmol/L). By July-August
this proportion reached 35%.

The situation appears to be little better in thiggpd group where the average monthly
levels of plasma 25(OH)D ranged from 40—-62 nmol/is is despite it being likely
that many of this group were on vitamin D suppletagon and were having their
25(0OH)D measured to check the dose level (SimonnAlimomas, personal
communication, 2007). Evidently few of this groupwd have maintained a level of
25(0OH)D of at least 75 nmol/L year round.

These findings raise the question of what coulddoge about the near universal state
of vitamin D deficiency in Christchurch, particdlam winter. Supplementation with
vitamin D; is probably the most practical possible remedgparount of its ease of
administration, safet§, and cost effectiveness. The novel modelling dortais

paper is designed to give a guide to the neceskmage levels and is the first
description of a model of vitamin D metabolism timetludes solar radiation.

The model suggests that taking 1450 1U of vitamirpBr day, in addition to normal
sun exposure and dietary intake, would maintairatrerage 25(OH)D levels in
healthy Christchurch people at 75 nmol/L or abdi/gemar. However many would

still fall below 75 nmol/L at some time, so an aahoninimum average of 100 nmol/L
is probably more desirable and this is predictecttpire a supplement of 2600 U
per day.

In New Zealand, prescription vitaming 3 only available as 50000 U (1.25 mg)
tablets (Cal.D.Forf®, hence 2600 1U/d is approximately equivalent tatlet every

19 days, or approximately 2 per month. This is m®rably greater than the dose rate
recommended in the Medsafe datasheet
(http://www.medsafe.govt.nz/Profs/Datasheet/c/Cali#tab.htn) of 1600 IU/d (1
tablet per month), but well below the 10000 IU day which has recently been
suggested as no-observed-adverse-effect fevdwever safety data from large
studies and beyond 5 years is lacking.

Our finding that supplemental vitamirg Bf about 1450 1U/d would be required to
raise minimum average levels of 25(OH)D to 75 ningd/comparable to the 1700
IU/d that Vieth and coworket®stimate to be required to raise levels from 5@IAm
to 80 nmol/L, and so suggests our model is plaesibl

Another strategy for raising 25(OH)D levels migletdreater personal exposure to
solar dUV, although this is not without risk as essive UVB exposure can result in
skin and eye damage.

Could the risk be minimised by choosing conditiafeere the ratio of vitamin D
production to erythema is maximal? As can be semn Figure 3, the vitamin D
produced from a given erythemal exposure is greatsummer than at other times of
year. This is because the sun is higher in theasklyhence the shorter wavelength
dUV is less attenuated by the atmosphere compartettattenuation of the longer
wavelength eUV. Similarly, sun exposure at middagreferable to exposure earlier
or later in the day if the aim is to maximise vitar® production while minimising
burning.
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However, we would not recommend a vitamin mainterasirategy based on midday
summer sun for three reasons. Firstly, in summeanttake as little as 15 minutes to
cause sunburn in sensitive individuals. Secondly,|levels of 25(OH)D are primarily
a wintertime problem—>but, as vitamin D in the bddg a relatively short half-life of
about 90 day&’ summer production would be of limited effectivenéy late winter.
Thirdly, because the skin has some ability to nep& damage, the same total dose
received over a longer period, say weeks, resulissis (or no) burning, compared to
the same dose received in a shorter period, sayiddes.

Our estimate of 8 nmah® kJ* for the rate constant for production of vitamin b
dUV (kuw, Table 4) for a presumably typical person in Gbhiarch, allows the
estimate that on an average day in midsummer wh&hahergy is say 10 kJ/mthat
person gains 1200 IU/d of vitamin D from their s@aposure. In contrast, in
midwinter, when average daily dUV is probably ab@ kJ/ni, only about 60 1U
would be made.

Since the amount of solar exposure our subjectsMaschot measured, we cannot
estimate the absolute amount of additional solposure that would be needed to
raise 25(0OH)D levels to at least 75 nmol/L yeamchuHowever our modelling
prediction that doubling average solar exposure-y@and would only raise the
average minimum 25(OH)D by 8 nmol/L suggests thaould probably be
impossible to raise the annual minimum to 75 nmbllincreasing sun exposure in
Christchurch.

Hence this leaves vitamin D supplementation a®te practical measure for
usefully raising the annual minimum plasma 25(OH8izel. Note that doubling solar
exposure does not double 25(OH)D levels, and tinelinearity between dUV
exposure and plasma 25(OH)D is also evident betwasmimer and winter when dUV
varies by about ten-fold but 25(OH)D by about tvatdf

A similar study to the present one was conducteduckland, New Zealand, at about
the same time (January 2004 to May 20UBhere, the monthly mean plasma
25(OH)D levels in women were a little higher (maximn 63 nmol/L in March,
minimum 40 nmol/L in August) than in Christchurtut the mean levels found in
men were markedly higher (maximum 102 nmol/L in &aand minimum 59 nmol/L
in September).

The generally higher 25(OH)D levels in Aucklanddaubt reflect its lower latitude
(37°) but it is not clear why the men were foundhéwe much higher levels than the
women, particularly as we did not find a significgender difference in Christchurch
in the volunteer group and, if anything, a reveyseder difference in the patient
group (Figure 2).

Our observation of no significant negative corielatbetween PTH levels and
25(0OH)D may be because very few (1.5%) of the vi@engroup had severe vitamin
D deficiency (25(OH)D<12.5 nmol/L). However wherragmetric statistics rather
than non-parametric were used, a non-linear hyperteationship was evident.

Our three compartment model of vitamin D metabol{figure 1) is based on the two
compartment model proposed and used by Heaneyaawmatkers?* but with two
additions. One addition is a rapid turnover vitamigompartment (compartment 1)
in order to account for plasma measurements ofniitds, %% and the other addition is
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that the rate of conversion of vitamin D to 25(OH)R, is under feedback control by
25(0OH)D. This is to account for observations sugggghat the increase in plasma
25(0OH)D is not linear with increasing dose of vitar®, but tends to lessen with
larger dose$®

The assumption that this non-linearity is due &dfeack by 25(OH)D is largely
speculative, since another possibility is that2Benydroxylase enzymes in the liver
tend to become saturated by larger quantitiestaimin D. However preliminary
manipulation of our model suggested that the forassumption provided a better fit
to the data in Table 1 than did the latter posgyhjtlata not shown). Note that our
model is a pragmatic mathematical construct designelescribe the plasma
measurements in a way that allows predictions tmaee; it is not intended that the
compartments correspond to definite physiologicaratomical entities.

There is no straightforward way to estimate theeutainties in the parameter
estimates for the model (Table 4) because diffeassays for 25(OH)D can give
differing values, the uncertainty of some of théada Table 1 is unknown, and the
parameter optimisation algorithm does not lendfiteesrror estimation. In addition,
different experimenters can obtain quite differestimates for ostensibly the same
parameter, for example the slope of the relatignbbiween vitamin pdose and
plasma 25(OH)D incremefit.

The limited number of months for which we measw#B&(OH)D levels in the
volunteer group limits the precision of the estiesadf the values of the model
parameterg,, andr;. As the estimate of 350 1U/d for vitamin D intakem food (and
from visits to sunnier places), might be considered high,, was also estimated on
the assumption that was 200 1U/d. This gave a valuelgf that was only 25%
higher, suggesting that the best-fit estimatk,pfs reasonably robust. However, we
have not been able to allow for the probably greateosure of skin to the sun in the
warmer months.

Studies are underway to improve the seasonal raigeasurements, to directly
measure personal exposure to solar UV and to dydhé relationship between
personal UV exposure and vitamin D status. The oreasent of actual personal
exposure to UV is critical and will be novel andatenging.

It should be noted that our model, and its predindiregarding dosages to raise
25(0OH)D levels, apply only to vitamind3ince Heaney’s grodphave shown that
vitamin D, is metabolised much more rapidly and does no¢ m@isnaintain plasma
25(0OH)D levels as effectively.

In summary, our study finds firstly, as many otférw@ve, that residents in temperate
regions have unhealthily poor vitamin D status, secbndly, that modelling suggests
that vitamin D supplementation in greater thanubally recommended dosage is
required to address the problem.
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Vitamin D and muscle strength in patients with prewous
fractures

Charles A Inderjeeth, Denise Glennon, Anthony Pdgasamine Soderstrom,
Irene Boyatzis, Jeffrey Tapper

Abstract

Aim To assess the vitamin D status and its associafitbnobjective left leg muscle
strength measurements in patients with long-bametdre discharged from a tertiary
hospital in Western Australia. The secondary objeat/as to determine whether tests
of balance and functional status are valid predsctd muscle strength and if they
correlate with serum 25 hydroxyvitamin D (250HDydés.

Methods This was a cross sectional study. Patients whdkad discharged from a
tertiary hospital following a low impact fracturger a 12-month period were invited
to participate. Invitation was through a postalveyraudit of osteoporosis risk and
treatment and requesting participation in the stédynales over the age of 60 were
included. Patients agreeing to participate werdedvto attend a research clinic.
Patients had demographic data, muscle strengthtifumal assessments, and
biochemical parameters including serum 250HD assess

ResultsOf the 99 subjects who completed the study, them250OHD level was 52.0
nmol/L. The main univariate associations with 250We&re cognitive function,
functional indices, sun exposure, albumin, andtpgraid hormone (PTH). In a
multivariate model,the strongest and most signifiGessociation was between muscle
strength and 250HD levels (r=0.489, p<0.001). Meisttength was most strongly
associated with 250HD levels >50 nmol/L (r=0.510/®01).

Conclusion This study demonstrates a significant associdigiween 250HD levels
and left leg muscle strength. This independentaason supports the hypothesis that
250HD deficiency may be responsible for poor mustiength.

Low trauma fracture is a major health problem fostmenopausal women and to a
lesser extent older memhe two major causes of fracture in these groues ar
osteoporosis and falls. There are established @wiogical treatments for
osteoporosi&* however treatment of falls is much more difficult.

In the setting of osteoporosis, higher body swargdyiceps weakness, and conditions
linked with increased risk of falling are assoaibtath a significantly increased risk

of fractures>’ Studies have also suggested an association betwoaermineral

density and muscle strength.

Muscle strength has been shown to decline witfi age has been shown to be
associated with the functional status of older pethFrail older peopl¥ and
patients with hip fracturé are reported to have a high prevalence of vitabnin
deficiency due to reduced sunlight exposure, rediggathesis of vitamin D, low
vitamin D dietary intake, poor absorption, and leganal diseast:*?
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Receptors for vitamin D metabolites that are funwily responsive to vitamin D
have been identified in human skeletal mustféVitamin D deficiency and
osteomalacia hadgeen shown to be associated with myopatiyand have in some
studies’*®been shown to be reversible with vitamin D treattne

However, other studies looking at vitamin D sup@atation in unselected or
vitamin D replete patients have shown no benefi witamin D supplementatidhor
no association between serum vitamin D level andatestrengtt®.

Fractures caused by falls occur in about 5% ofrgi@esons each ye&f’ It has been
suggested that vitamin D deficient patients at@gtter risk of falls due to increased
postural sway??In at least one study, supplementation with vitaBiand calcium
reduced the risk of falls in recurrent falléfsdowever, evidence for the association
between vitamin D levels and muscle strength oeaibje testing has not been
conclusively prover®

A possible reason for the inability to show a dir@gsociation between vitamin D
levels and muscle strength, and the failure to shiwyimprovement with vitamin D
supplementatiof’ may be due to poor patient selection. It is pasédl that

vitamin D replete patients will not benefit fronrtinber supplementation.

Hence in this study we looked at a frail, at rigipplation of patients who had
previously been treated for hip or other long-bfraetures following a fall. We
assessed muscle strength as the primary meashee tlaan using an indirect measure
like falls.

The main aims of the study were to assess the witBnstatus of this group of
patients and to assess whether there is an assodiatween their serum 25
hydroxyvitamin D level and objective muscle stréngteasurements. The secondary
aim was to determine whether tests of balance amctibnal status are valid
predictors of muscle strength and whether theyetate with serum 25
hydroxyvitamin D levels.

Methods

Subjects—Patients were selected from a tertiary hospitadluite in Western Australia with a primary
admission diagnosis of a long-bone fracture asriest previously by Inderjeeth et allimternal
Medicine Journa(2006)%

Only subjects who were identified from the caseesa@s suffering a low impact fracture of the hip,
humerus or forearm were invited to participate.j8ctis had to be female, aged >60 years, at least 6
months post fracture and be able to walk indepeahdeiith or without walking aids and participate in
muscle strength measurements. 365 patients wenéfidd as suitable from case records over a 12-
month period and invited to participate in the gtudatients were mailed an osteoporosis questiosnai
and invited to attend a Fracture, Falls and Bala&iogc for assessment of their osteoporosis and
offered participation in this study.

Exclusion criteria were male gender, poor cognifidefined as mini mental state examination <20),
significant systemic disease limiting their abilityparticipate, hypercalcaemia, primary
hyperparathyroidism, or a long-bone fracture witBimonths to allow for fracture healing and muscle
recovery. Patients on vitamin D supplements wdoavald in the study. Enrolment occurred
throughout the year and was not seasonally badedpfiotocol was approved by the Sir Charles
Gairdner Hospital Ethics Committee. All subjectsganformed consent.

Study design—All patients had demographic data collected anesaarch nurse and doctor collected
information using validated instruments. Instrunsesetlected include the Berg Balance Scale (BBS),
which was used to determine the subject’s balameeviariety of spheres. The subject’s daily
functional status was assessed using the Frenctiaith Index (FAI) %
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The Modified Bartel Index (MBff was used to assess functional independence iioreta personal
care and mobility. The Falls Efficacy Scale (FES)as used to assess patient’s confidence and ffear o
falling in carrying out routine tasks. RPH (Royalrth Hospital) outdoor score?was used to measure
sunlight exposure [range 0(no exposure) to 7(reqdaquate exposure)].

Timed “Up & Go” (TUAGY® was used as a measure of functional mobility. @vgnfunction was
assessed using the mini mental state examinatidfSE)*® and mood was assessed using the brief
assessment of depression (BASDET).

Muscle strength was measured in the left leg ugigylink Kinitech Dynamometéf.Left leg power
and torque were measured in flexion and extensieft.leg flexion and extension was measured in a
standard seating position as recommended by thefagarer of the Keylink Kinitech Dynamometer.

Seating position was adjusted for height and tlgeaof the hip and knee were standardised. The
highest reading of three measures for each wesntdleft Leg Extensor maximum power (LLExtmp)
and Left Leg Extension peak Torque (LLExtpt) andtlLeg Flexor maximum power (LLFxmp) and
Left Leg Flexor peak torque (LLFIxpt) were measured

Blood samples were collected to measure serumura)@hosphate, creatinine, albumin, alkaline
phosphatase, intact parathyroid hormone (PTH),2&nldydroxyvitamin D (250HD). The blood
samples were taken in standardised tubes as recoaechdy the local pathology centre and the
reference limits were as standardised for the Ipoaulation.

Blood samples were collected in the morning ondidng of the muscle strength assessment. All blood
tests were performed at the one pathology ceni@HD was determined by radioimmunoassay using
the Diasorin kit. The confidence values at 37 aB8l dmol/L were 10.8% and 8.1% respectively.

Statistical analyses—Fhe data were entered into an SPSS software datalbdsanalysed by a
biostatistician. Descriptive statistics were paried including mean, standard deviation (SD), and
range. Univariate correlations (Pearson’s) for redlyndistributed variables and Spearman’s for non
normally distributed variables were performed lowkfor association between 250HD, functional and
biochemical parameters, and between muscle strefugtttional and biochemical parameters.

Stepwise multivariate analysis was performed logKor significant associations between muscle
strength and age, biochemical, and functional patars. The t-test and one-way ANOVA were used
to assess differences between groups. A p valg@.6b is considered significant.

Results

Of the 365 patients mailed questionnaires, 105esibjagreed to participate in this
cross sectional study and were enrolled. A tot&@®$ubjects adequately completed
all assessments and were included in the muselegitr analysis. Of the 6 excluded
subjects, 3 had primary hyperparathyroidism, 2m@aderum 250HD measurement,
and 1 had difficulty completing the muscle strenggessment.

All subjects were female with a mean age of 79th wistandard deviation of 7.9 and
a range of 61 to 95 years. All patients enrolled $iastained a previous long-bone
fracture. Thirty-four percent had sustained a lolveb fracture (hip) only, and 53%
an upper limb fracture (wrist or humerus) only.féen percent of subjects had
sustained both upper and lower limb fractures.

The mean 250HD level of the cohort was 52.0 nm(&#D 22.3) with a range of 16—
159 (reference limits >50 nmol/L). Only 10% werkitg vitamin D either as simple
vitamin D or as multivitamin supplements. The valoéthe functional and
biochemical parameters assessed are reported la Tab

Table 2 describes the univariate associations leet@8OHD and age, functional,
and biochemical assessments. All functional assestsmvere significantly
associated with measured serum 250HD apart frorpahents’ age, Berg Balance
Scale, and the depression scale.
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Table 1. Mean (SD), minimum, and maximum values foage, functional, and
biochemical measures of patients

Measure (reference range) Number Mean SD Minimum Maximum
Age (years) 105 79.5 7.9 61 95
MMSE (0-30) 97 28.5 1.7 23 30
FAI (0-45) 91 29.4 8.6 0 45
BASDEC (0-20) 85 3 3 0 16
RPH (outdoor score) (0-7) 94 4.8 15 0 7
FES (0-10) 94 8 1.8 3 10
TUAG (normal<12 sec) 93 16.9 7.7 7 49
BBS (0-56) 95 57.4 9.9 29 74
Calcium (2.15-2.55 mmol/L) 99 2.4 0.1 2.15 2.83
Phosphate (0.8-1.4 mmol/L) 96 11 0.2 .51 1.69
Creatinine (50-95 umol/L) 101 79.2 22.6 46 148
Albumin (35-50 g/L) 102 40.8 25 33 47
ALP (30-135 U/L) 94 85.9 29.4 19 206
PTH (0.9-9 pmol/L) 100 5.6 5.2 9 43.0
250HD (50-160 nmol/L) 103 51.9 22.3 16 159

SD: Standard DeviatiolMIMSE: Mini Mental State ExaminatioftAl: Frenchay Activities IndexBASDEC:
Brief Assessment Schedule Depression CRESS: Falls Efficacy ScaleRPH: Royal Perth Hospitalf UAG:
Timed “Up & Go” ScoreBBS: Berg Balance Scal&LP: Alkaline Phosphatas®TH: Parathyroid Hormone;
250HD: 25 hydroxyvitamin Dg/L: grams per litremmol/L: Millimole per litre;umol/L: Micromole per litre;
pmol/L: Picomole per litrdJ/L: Units per litre.

Table 2. Association between 25 hydroxyvitamin D ahage, functional, and

biochemical measures

Measure Number Correlation (r) p value
Age 103 -0.05 0.63
MMSE 95 0.22* 0.03
BASDEC 84 -0.13 0.25
FAI 90 0.23* 0.03
RPH (outdoor score) | 93 0.30** 0.002
FES 93 0.25* 0.01
TUAG 91 0.19 0.06
BBS 94 0.15 0.14
Calcium 98 -0.05 0.62
Phosphate 95 -0.12 0.27
Creatinine 100 0.05 0.59
Albumin 101 0.32** 0.001
PTH 100 -0.22* 0.03

MMSE: Mini Mental State ExaminatioASDEC: Brief Assessment Schedule Depression CBAls Frenchay
Activities Index;RPH: Royal Perth HospitaFES: Falls Efficacy ScaleTUAG: Timed “Up & Go” ScoreBBS:
Berg Balance Scal®TH: Parathyroid Hormone; *p<0.05; **p<0.01.

Albumin and PTH were the only biochemical assesssn@ssociated with measured
serum 250HD. There was a positive association atlithmin and a negative
association with PTH. The two factors most stroragigociated with 250HD were
serum albumin (r=0.32, p=0.001) and the RPH outdoore (r=0.30, p=0.002).

Table 3 describes the significant univariate asgmns between muscle strength and
age, functional and biochemical assessments. Adthotost of the functional
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assessments were associated with muscle streegtim 250HD level was the only
biochemical assessment associated with musclegsiren

Table 3. Association between muscle strength and egoiochemical, and

functional measures

Measure Muscle strength
LLExtpt LLExtmp LLFIxpt LLFIxmp
r value p value | rvalue pvalue | rvalue | pvalue | rvalue p value
Age -0.304** 0.002 | -0.295** 0.003 | -0.248** 0.004 -0.248* 0.014
MMSE 0.329** 0.001 0.246* 0.019 0.330** 0.001 0.147 0.163
BASDEC -0.140 0.215 -0.157 0.164 -0.233* 0.037 -0.215 0.055
FAI 0.147* | <0.001 | 0.377** | <0.001 | 0.419** | <0.001 | 0.310** 0.004
RPH (outdoor score) 0.309** 0.003 0.298** 0.005 0.309** 0.003 0.258* 0.015
FES 0.368** | <0.001 | 0.307** 0.003 0.325** 0.002 0.212* 0.046
TUAG -0.447** | <0.001 | -0.408** | <0.001 | -0.464** | <0.001 | 0.361** 0.001
BBS 0.407* | <0.001 | 0.383** | <0.001 | 0.375** | <0.001 | 0.279** 0.007
250HD 0.424** | <0.001 | 0.427** | <0.001 | 0.315* 0.002 0.252* 0.012
LLExtpt: Left Leg Extensor Peak Torqued;Extmp: Left Leg Extensor Max Powekl FIxpt: Left Leg Flexor
Peak Torquel.LFIxmp: Left Leg Flexor Max PoweMMSE: Mini Mental State Examinatio®BASDEC: Brief
Assessment Schedule Depression Chals Frenchay Activities IndeXRPH: Royal Perth HospitaFES: Falls
Efficacy ScaleTUAG: Timed “Up & Go” ScoreBBS: Berg Balance Scal@50HD: 25 hydroxyvitamin D;
*p<0.05; **p<0.01.
Table 4. Multivariable associations between musckrength and age,
biochemical, and functional measures
Measure Muscle strength
LLExtpt LLExtmp LLFIxpt LLFIxmp
r value p value r value p value | rvalue p value r value p value
250HD 0.489** <0.001 0.476** 0.001 0.367] 0.019 P 0.055
BBS 0.310* 0.020 0.272* 0.043 0.199 0.148 0.206 28.1
TUAG -0.161 0.241 -0.125 0.362 -0.303* 0.023 -0.238 0.075

Model includes age and all biochemical and fun@ioneasures. Only those measures with significant
associations are showln Extpt: Left Leg Extensor Peak Torque;Extmp: Left Leg Extensor Max Power;
LLFIxpt: Left Leg Flexor Peak TorquélFIxmp: Left Leg Flexor Max Powe250HD: 25 hydroxyvitamin D;
BBS: Berg Balance Scal§UAG: Timed “Up & Go” Score; *p<0.05; **p<0.01.

Table 4 describes the significant multivariate aggmns between muscle strength
and all other parameters measured (age, biochemamalifunctional). In the multiple
regression model, 250HD was significantly assodiati#h both extensor
assessments (LL Extpt r=0.489, p<0.001 and LL Exta@p476, p=0.001) as well as
the flexor PT (r=0.367; p=0.019) assessment, and/sti a strong trend to an
association with flexor MP (r=0.259, p=0.055).

Only two other factors (both functional) showed asgociation with muscle strength
in the multiple regression model. Berg Balance a&sociated with extensor strength
while TUAG was inversely associated with left Iégxbr PT only. Site (upper or
lower limb) and side of fracture (left or right)ddnot change the association between
muscle strength and 250HD and were non signifiaasbciations in the multiple
regression model.
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The functional assessments with no significant@asion in the regression model
included MMSE, BASDEC, FAI, RPH outdoor score, &tf5. The biochemical
assessments with no significant association inggeession model included calcium,
phosphate, albumin, alkaline phosphatase, andipaced hormone.

Forty-seven patients had a 250HD level <50 nmahd 34 patients had a 250HD
<30 nmol/L. The association between muscle streagth250HD was strongest in
the sub-group with 250HD levels >50 nmol/L (p<0fod.all four muscle strength
assessments with the r value ranging between 0d6.81).

The association between muscle strength and 25@k&d was not significant in
subjects with 250HD levels <50 nmol/L (p>0.05). hsbne-way ANOVA, the
quartile with the highest 250HD level (>60 nmoldgmonstrated the highest mean
muscle strength (Figure 1). However, this assamatias only significant for LL
Extpt (p=0.035) but not LL Extmp (p=0.065), LL Fixp=0.11), or LL FIxmp
(p=0.25).

Figure 1. Mean and 95% confidence intervals of muse strength (left leg
extensor peak torque) for quartiles of 25 hydroxyviamin D
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Subgroup analysis was undertaken to compare msigelegth and 250HD between
the group with left versus right-hip fracture ahdge with upper-limb and lower-limb
fractures. There was no significant differencesiftrleg muscle strength based on side
of hip fracture (p>0.05). However, those with uppeb fracture only had higher
left-leg muscle strength than those with lower-lifrdcture (p<0.05). There was no
significant difference in 250HD levels in these grdups (p>0.05).
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Discussion

Vitamin D deficiency is being increasingly idengifi as a significant problem in older
patients:*?*|ts impact on bone has been extensively investijddowever, its
impact on muscle strength and falls is less wedlanstood.

Given the high incidence of falls, osteoporosisl aamin D deficiency in older
individuals, establishing an association and caimgaositamin D deficiency may be
potentially beneficial in improving muscle strengtbducing falls, and hence
reducing fractures.

This cross sectional study looked at the poteasabciation between muscle strength
and 250HD deficiency in patients previously adndittéth fracture, including 46%
with a previous hip fracture.

We found a moderate and significant positive catreh between muscle strength
and 250HD. Although a number of factors appeartadsociated with muscle
strength on univariate analysis, the only factotependently associated after
correction for other factors in a multiple stepwisgression analysis were 250HD,
the Berg Balance Scale, and the Timed “Up & Go'teco

The 250HD level appears to be the only consistgnificant association with left-
leg muscle strength with a moderate positive cati@h. The association with Berg
Balance and Timed “Up & Go” is weaker and only assted with some parameters
of muscle strength. Although side of fracture doesappear to influence muscle
strength, the presence of lower limb fracture dggsear to result in worse muscle
strength.

The main limitation of this study is the relativéby response rate. In addition, as
with other similar studies, frailer subjects andsé with cognitive impairment were
excluded on the basis that they could not perféremntuscle strength assessment.

These are both groups that are more likely to thees vitamin D deficient. The
relatively high mean 250HD level of 52 nmol/L refie this and unfortunately the
relatively small sample size does not allow forcqaage subgroup analysis.

The stronger association between 250HD level angthastrength parameters in the
sub-group with levels >50 nmol/L is unexpectedwasvould have predicted a
stronger association in the group deemed to bewnt® deficient i.e. <50 nmol/L.
This may reflect a threshold level of 250HD whichsnhbe reached before vitamin D
starts to affect muscle strength in patients.

It would also strongly support the argument thaDB® levels need to be maintained
well above 50 nmol/L for adequate replacement arekfit in terms of muscle
strength. This is an area that certainly requivethér study especially with regards to
the impact of replacement of vitamin D in subjegith levels below 50 nmol/L and
the most appropriate level desirable for greateseht in terms of muscle strength.

Higher levels may be the goal rather than aimindde normal levels for greater
benefit in terms of muscle strength and possiblyebo

The strength of this study is that it looked aighkrisk group who are more
susceptible to vitamin D deficiency due to reasoin®lative frailty, previous falls,
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and fractures. This is the population that woulddch® be targeted as a priority in
terms of vitamin D replacemettt.

In patients with osteoporosis, the goal shouldobetluce fracture risk. To achieve
this we need to look beyond the improvement of &irength and quality. Falls
prevention is another obvious objective.

As muscle weakness is a major cause of falls, impgomuscle strength is an
important component of this strategy. Hence idgimg and treating conditions likely
to be associated with reduced muscle strength @sieftamin D deficiency) is an
area that warrants further investigation. And tofom the causal association
between vitamin D and muscle strength, a largeawmmged controlled intervention
trial is needed.
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The failure to diagnose inborn errors of metabolisnin
New Zealand: the case for expanded newborn screegin

Callum Wilson, Nicola J Kerruish, Bridget Wilckelasko Wiltshire, Dianne Webster

Abstract

Aims Expanded newborn screening uses a new techndlgyem mass
spectrometry, to diagnose an additional 20 plus tr@atable inborn errors of
metabolism based on the further analysis of theeatinewborn Guthrie card blood
sample. The purpose of this study was to invesitieg incidence of these disorders
in New Zealand, based on clinical diagnosis rated,compare these to the incidence,
based on the established expanded newborn screamiggamme, in New South
Wales, Australia.

Methods Over a 3-year period, the cases of inborn errbrsatabolism notified to
the New Zealand Paediatric Surveillance Unit andlentified by the relevant
metabolic laboratories were recorded and compardaetincidence rates during the
same period in New South Wales.

ResultsThere were 175,000 and 270,000 births in New Zebtand New South
Wales respectively during the study period. Eigiges of treatable inborn errors
(potentially diagnosable by newborn screening) vagagnosed in New Zealand
compared to 41 (including two prior to screeninmgNiew South Wales. The disorder
medium chain acyl Co-A dehydrogenase deficiency diagnosed twice in New
Zealand and in 24 newborn infants in New South &/ale

ConclusionsWithout expanded newborn screening, inborn ewbraetabolism are
under-diagnosed in New Zealand. This study suppletsecent establishment of
screening in New Zealand.

Inborn errors of metabolism are genetic defectsi@themistry that may result in
clinical illness. Individually they are rare condits, but collectively they are not
uncommon with an overall prevalence approachingaot: 2

A group of conditions—disorders of intermediary ai®ilism—involve the
catabolism of fats and protein. These are the &atif oxidation disorders and the
amino and organic acidopathies. The former invdlefects in the mitochondrial
oxidation of fatty acids and present (classicalth hypoglycaemia, inappropriately
low ketones, and subsequent encephalopathy oftienving a period of fasting
and/or intercurrent iliness in a child. The latesult in massive accumulation of
specific amino and organic acids, sometimes witloeisted hyperammonaemia, and
clinically often present with neonatal encephalbpatdr alternatively with varied
presentations later in life.

Because the diseases are rare, and the clinicabplpes encountered are much more
frequently seen in conditions such as sepsis,divec underlying diagnosis is
frequently missed. This leads to catastrophic autx) as death is likely if an
accurate diagnosis is not made. In fact even wharact diagnosis is made during
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the initial presentation the outcome can be poareasological damage has already
occurred. Thus diagnosis and treatment prior tuadl iliness is ideal.

Expanded newborn screening (ENBS), using tandens s@ectrometry, accurately
detects marker compounds in the dried blood spot the neonatal Guthrie card The
technique is highly sensitive and specific andeoindtial setting up costs are meet, is
relatively cheap when added to an existing newlsoraening service.

ENBS allows for the identification of around 30fdient disorders—provided the
sample is taken at the correct time, transportécktyuto the screening laboratory,
and analysed appropriately, and treatment is starier to the child becoming
unwell* The newborn screening service in New South Wales of the pioneers of
ENBS, has recently shown that this leads to siganfi improvements in diagnostic
rates and outconte®

The purpose of this study was to evaluate the @nxd rates of the disorders of
intermediary metabolism in New Zealand (NZ), basedhe numbers of clinical
diagnosis, from January 2004 till the commenceméBNBS in December 2006 and
to compare these to the incidence rates, obtairestlyrvia EBNS, in New South
Wales (NSW).

Method

From January 2004, paediatricians in NZ were semithty questionnaires (via email or regular post)
from the New Zealand Paediatric Surveillance USZRSU). It asked whether they had diagnosed an
inborn error of metabolism over the previous molfftthey had then they were sent a further
guestionnaire regarding the exact diagnosis alatigagpects of the clinical presentation and
immediate outcome.

This study was approved by the Lower South Regibtisics Committee. In addition the Auckland,
Wellington, and Christchurch laboratories (thabheitperform the relevant metabolic investigations o
facilitate samples being sent to the appropriatéaty laboratories in Australia) were contacted an
ask to report cases.

The numbers of patients diagnosed with disordemstefmediary metabolism diagnosed clinically
(thus excluding PKU which is diagnosed by alreastalalished screening methods) in NZ from 2004—
2006 were compared to those obtained from childiaioital presentations and the expanded
newborn screening programme (see Table 1 for afldiseases screened that can be diagnosed by
ENBS) based at The Children’s Hospital at Westme&ldney, New South Wales during the same
period.

The latter facility screens all newborns in New oales and the Australian Capital Territory (&hes
two areas will be referred to as ‘NSW’ in this downt).

Results

From 2004—2006 inclusive there were approximat&By,a00 births in NZand
270,000 births in NSW.

During the 3-year study period, 15 cases of diggrdéintermediary metabolism
were reported in NZ (Table 2). One of these (M&plaup Urine Disease, MSUD)
was diagnosed by the newborn screening programies(Somewhat unusual
internationally in that it had an established seiieg programme specific for this
disorder during the period 2004-6); one was diagdgsenatally (ornithine
transcarbamylase deficiency, OTC) following a sigldiagnosis; and in 13 cases the
diagnosis was made following metabolic investigagiperformed during the clinical
investigation of a symptomatic patient. Eight ca@esluding one adult) were
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diagnosed with disorders on intermediary metabotisah could have been detected

by ENBS.

Table 1. Inborn errors of metabolism that can be dignosed by expanded newborn

screening

Fatty acid oxidation disorders

Carnitine uptake defect

Carnitine palmityltransferase 1 deficiency (CPT1)

Carnitine palmityltransferase 2 deficiency (CPT2)
Carnitine-acylcarnitine translocase deficiency

Medium chain acyl-CoA dehydrogenase deficiency (MGAD
Long-chain L-3-OH acyl-CoA dehydrogenase deficiela@gHAD)
Very long-chain acyl-CoA dehydrogenase deficiency@AD)
Trifunctional protein deficiency

Multiple acyl-CoA dehydrogenase deficiency (MADD)

Aminoacidopathies

Phenylketonuria (PKU)
Homocystinuria (Hcy)

Maple syrup urine disease (MSUD)
Argininase deficiency
Argininosuccinic acidaemia
Citrullinaemia type 1 (CIT I)
Citrullinaemia type 2 (CIT II)
Tyrosinaemia type Il (TYR)

Organic acidopathies

Other

Glutaric acidaemia type 1 (GA1)

Beta ketothiolase deficiency

Isovaleric acidaemia

Methylmalonic acidaemia (Cobalamin disorders- CbIC)
Methylmalonic acidaemia (mutase deficiency) (MMA)
Holocarboxylase synthetase deficiency (HCS)
Propionic acidaemia

HMG-CoA lyase deficiency

2 Methyl 3 hydoxybutyric acidaemia

3 Methyl glutaconic acidaemia

3 Methylcrotonyl carboxylase deficiency (3-MCC)

Vitamin B-12 deficiency
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Table 2. Disorders of intermediary metabolism diagosed in New Zealand: 2004—06

Disease Method of initial Age of QOutcome Ability to diagnose on Early diagnosis likely to
diagnosis diagnosis expanded newborn screening improve outcome
MCAD Clinical 9 months Good Yes Yes
MCAD Clinical 34 months Good Yes Yes
MSUD NBS 1 week Good Yes Yes
GAl Clinical 5 months Poor Yes Yes
Ketothiolase Clinical 6 months Good Yes Yes
HCS Clinical 1 week Poor Yes No
MADD Clinical 1 month Poor Yes No
VLCAD Clinical 40 years Good Yes Yes
NKH Clinical 1 week Poor No No
NKH Clinical 2 months Poor No No
NKH Clinical 1 week Poor No No
NKH Clinical 1 week Poor No No
oTC Prenatal Antenatal Poor No No
OoTC Clinical 10 years Good No Yes
OTC Clinical 14 years Good No Yes

MCAD=Medium chain acyl Co-A dehydrogenase deficier@Al=CGlutaric acidaemia type I; HCS=Holocarbowgdasynthetase
(deficiency); MADD=Multiple acyl Co-A dehydrogenadeficiency; VLCAD=Very long-chain acyl-CoA dehydyenase
deficiency; NKH=Non-ketotic hyperglycinaemia; OTCr@hine transcarbamylase (deficiency).

Table 3. Disorders of intermediary metabolism diagonsed in New South Wales: cohort
born 2004-06 (N=45)

Disease Method of initial Number of Early diagnosis likely to
diagnosis children improve outcome

MCAD NBS 24 Yes

ChIC NBS 1 Yes

MMA Clinical-pre NBS 1 Yes

MMA Prenatal 1 Yes
MSUD NBS 1 Yes
VLCAD NBS 3 Yes

CIT1 NBS 1 Yes

CIT NBS 1 Yes

TYR NBS 1 Yes

OTC Clinical 1 Yes

oTC Prenatal 1 Yes

Hcy NBS 1 Yes

GAl NBS 4 Yes
MADD NBS 2 Sometimes
3-MCC Maternal 3 No

NKH Clinical 2 No

B-12 deficiency NBS 2 Yes

CbIC=Cobalamin C deficiency; MMA=Methylmalonic aeieimia; CIT 1=Citrullinaemia type I; CIT lI=Citruliaemia type II;
TYR=Tyrosinaemia; Hcy=Homocystinuria; 3-MCC=3-Meltipntonyl carboxylase deficiency.

During the same period, 45 children were diagnas@SW (Table 3). Thirty-nine
cases were disorders of intermediary metabolisgndised via ENBS. An additional
two cases, potentially diagnosable by ENBS, weagribsed prior to screening; one
prenatally and one symptomatically in the first féays of life. Of the other four
cases, three were diagnosed clinically after sanggitwo of non-ketotic
hyperglycinaemia [NKH] and one of ornithine tramb@amylase [OTC] deficiency,
and one prenatally [OTC]).

Three mothers were diagnosed, based on the restittgir children’s newborn
screening, with the probably benign condition 3dmyktrontonylcarboxylase (3-
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MCC) deficiency. In addition, the ENBS programmagtiosed two neonates with
vitamin B-12 deficiency.

Specifically looking at the disorder—medium chanyleCo-A dehydrogenase
deficiency (MCAD)—two cases were diagnosed in NZn(87,500) and 24 in NSW
(1in 11,250).

Discussion

The duration of this study and the numbers involaseginot sufficient to prove or
disprove the effectiveness of ENBS. However laggadies (many of them from the
NSW screening programme) have addressed this 1s%Tikis study does, however,
illustrate a number of important points pertainiadhe recent introduction of ENBS
in NZ.

MCAD is by far the most prevalent disorder of imediary metabolism (excluding
PKU which has been screened for separately in NZesihe late 1960s), and thus the
most important condition clinically. Classicallyptesents with hypoketotic
hypoglycaemia and encephalopathy, following a peabcatabolic stress such as a
viral gastroenteritis, during the early childhoaghys.

Without screening, approximately 25% of cases di;dfMCAD prior to or without a
diagnosis™™* A slightly smaller percentage have at least omeission with
characteristic clinical features (hypoglycaemiazeghalopathy) prior to a correct
diagnosis being made. This is unfortunate as trestms simple and cheap, and once
a diagnosis is made, the outcome is excellent anthry low mortality and
morbidity® *°

The key to treatment is patient/parent educatianets are instructed to make sure
the child has a regular oral energy intake, espigaidnen they are unwell and prior to
going to sleep at night. During times of intercatréiness they should commence the
emergency regimen (Table 4). While some of theralisorders of intermediary
metabolism require somewhat more complicated dietsmedications, the
emergency regimen is an important aspect in ttanrent of all.

Perhaps a third of children with MCAD do not prasgmically. They are the
subgroup that for whatever reason (most likely\asdance of significant childhood
illnesses) are never subjected to significant adialstress and thus avoid situations
where they are fully reliant on their bodies’ dlyiio metabolise fatty acids.

It could be argued that ENBS is in fact harmfutiiese patients as it potentially
introduces psychological stress to a family thateaeever going to have problems.
However the ability to prevent mortality in the gytmmatic children outweighs this
probably minor concern. Increasing evidence alsovstthat the initial presentation
of MCAD is not confined to the childhood years—aawénts such as self-induced
alcohol intoxication, prolonged labour with unexygecfasting, and unrelated medical
illnesses can precipitate metabolic decompensatiadulthood® **There is also
evidence that some patients with MCAD can havergbrproblems with fatigue,
muscle pain, and exercise intoleranté?
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Table 4. The Emergency Regimen for the initial homé&eatment of suspected metabolic
decompensation in disorders of intermediary metab@m

Children who are unwell but are still alert, feeglimell and are not having recurrent vomiting shdagd
commenced on the following emergency regimen.

Stop normal solid feeds. Continue on any specirahfdas. Continue to take usual medications.

Commence glucose polymer drink (e.g. maltodextpaihycose or similar) as prescribed by doctor/diatic
Every two hours during the day and every 2—4 hdurig the night

Age (years) Glucose polymer concentration (g/100ml) Total daily volume
0-1 10 120-200 ml/kg
1-2 15 95 ml/kg
2-6 20 1200-1500 ml
6-10 20 1500-2000 ml
>10 25 2000 ml

Continue to assess the child every two-four hdfithey improve, slowly recommence the normal diethey
are unwell but stable continue with the emergelegymen. Contact doctor and/or metabolic servichiifd
remains on the emergency regimen for more than86edrs

If the child becomes significantly unwell, drowsy ad/or is having recurrent vomiting then they shouldbe
seen at the nearest hospital immediately. Contacbwr doctor or the metabolic service if concerned

Two cases of MCAD were diagnosed in NZ during tiuelg period and thankfully
both had a good outcome. However, presuming aainmcidence as NSW, it is
likely that 16 children (95% confidence intervak22) were born with the condition
during the study period. Of these, 3-4 children lddave died:™°

We are aware of two NZ children dying from conficMdCAD over the last 6 years.
Thus purely for this one condition it is possilanake a good case for ENBS in NZ.
A cost-benefit analysis commissioned by the NewlatehNational Testing Centre in
2002 found that (over a 7-year period) the costeath avoided would be $11,500
and the cost per life year gained $390.

Another problem that has emerged with the adveM®©AD screening is the
realisation that the mutation profile of patienishWMCAD deficiency diagnosed by
ENBS is somewhat different from that of those daggd clinically, in that the
proportion of alleles with the common MCAD mutationchildren who are
diagnosed symptomatically is greater than in thibaeare diagnosed via ENBS'’

This suggests that there are a group of MCAD ptielentified by screening who,
while having the typical blood biochemical profikee at a lesser risk than those with
the ‘classical’ form of the condition. This is hir@durprising as several other
metabolic diseases (for instance MSUD and PKUkaogvn to have milder or
intermediate forms. This phenomenon is likely tasben in other conditions and
illustrates the evolving nature of ENBS knowledge.

Most of the other fatty acid oxidation disorder&\(PDs) are also readily diagnosed
by ENBS. They tend to present in a similar manaevl€AD. Some, such as
LCHAD, have an even poorer prognosis without sdreeff Others such as late-
onset VLCAD tend not to present with childhood hgiysaemia—but (as seen with
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the case diagnosed in NZ during the study periotl) @xercise induced
rhabdomyolysis in adulthood. Thus, while still &fus disease to diagnose early (the
patient in question had many years of exerciseaadumuscle problems that could
have been prevented with a high calorie oral carbiate intake prior to and during
activity), one may encounter a situation in whiatigease that is not going to cause
problems for many years is diagnosed soon aftém.bir

While the case for ENBS for the FAODs (in partictMCAD) is strong, the situation
is less clear for some of the amino and organidagthies® These disorders of
protein catabolism generally present with enceglatioy and the long-term outcome
is often dependent on the degree of neurologicaledge suffered during the first
presentation.

Some, such as glutaric aciduria type 1 (GA 1) aeth iketothiolase deficiency, tend to
present after the neonatal period, and as treatimentilable and screening can
easily be added (with minimal additional cost te fitreening programme for the
FAODSs), a good case for screening can be made.

The known case of GA | that presented during thdysperiod in NZ resulted in
severe disability that could have been prevented arly detection. Based on the
NSW figures, it is possible (even likely) that there were other similar cases in
NZ—although they remain undiagnosed and thus reonaieported.

NSW reported 41 children (1 in 6585) with treatabl@orn errors of metabolism that
can be detected by ENBS; 2 of these were diagnmsedto screening. In NZ we
diagnosed 7 children (1 in 25,000) during the speréod, 1 (MSUD) by established
screening, and 1 clinically in the first few daydife.

Assuming a similar incidence in both populatiorssyell as the 14 ‘missed’ cases of
MCAD described above, there may have been an additb (95% confidence
interval: 2—10) cases of other inborn errors thateanot diagnosed correctly, or (less
likely) have not yet presented clinically.

In some conditions, such as the classical sevenesfof methlymalonic aciduria and
MSUD, the children are likely to be becoming sickhm the first few days of life.
This is illustrated by the NZ patient with MSUD wivas diagnosed by the existing
screening programme on the day following the chiltimission to hospital with
encephalopathy. While an even earlier diagnosidavoave been optimal, the
screening diagnosis allowed for a much earliermbag than would have been
obtained on clinical grounds and thus undoubtediyroved the child’s outcome.

Thus in order to optimise outcome and screeningrarame effectiveness it is
critical that the Guthrie card is obtained early ¢aon is practical after 48 hours of
age) and just as importantly transported quicklshoscreening laboratory.

There are some disorders that ENBS cannot reldiblynose. This is because the key
metabolites in affected patients are not in a rahgeis significantly different from
the extremes of the normal population and thus Bt sufficiently specific.

OTC deficiency—the most common of the urea cycé®ers and thus a disease in
which it would be beneficial to screen for—is prblyathe most important of these.
Therefore it is vital that clinicians remain altat the possibility of an inborn error of
metabolism in sick children and do not assumejtistbecause the child has had a
normal newborn screen that they do not have a roktatisorder.
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Direct communication with the screening laboratang/or the related clinical
metabolic service can be very useful in these c&esed on the numbers of
metabolic investigations performed there appeabeti@sser index of suspicion of
metabolic disease in symptomatic individuals in dddhpared to Australian centres.

Some disorders cannot be diagnosed by ENBS amdtlitian there is no effective
treatment. Classical NKH, a condition characterisg@arly neonatal seizures and
encepahalopathy, is the best example of this. i§hparticularly relevant in New
Zealand where NKH appears to have a high incidentee M ori population as
illustrated by the four cases diagnosed duringsthdy period.

Another condition with a high incidence in New Zaal is biotin-resistant
holocarboxylase synthetase (HCS) deficieficpypically classical HCS presents in
the first few months of life, is easily treated hwvaral biotin, and is thus a good
candidate disease for NBS. However in the Samopulaton, due to the presence of
a particularly pathogenic common mutation, it pres€on day 1 of life) with severe
lactic acidosis and encepahalopathy and treatmgimtomotin is overall disappointing.
(However, newborn screening may assist familiegrsuring that a diagnosis is
made, if all children are tested.)

Additional early evidence shows that several othetabolic diseases occur with
particularly high frequency in the Pacific commugst probably due to a gene
founder affect Similarly, ethnic groups where consanguinity i$ mecommon also
have a high incidence. Thus the unique ethnic deapbgcs of the NZ population
need to be considered when interpreting internatilmcommendations regarding
ENBS

Some metabolic diseases detectable by ENBS aralgigobenign conditions in most
patients. 3-methylcrotonyl carboxylase (3-MCC) ahdrt chain acyl Co-A
dehydrogenase deficiency are two such conditiohe.NSW screening programme
diagnosed three mothers with 3-MCC deficiency hgcdkng the relevant raised
metabolites in the Guthrie card of the newbornnhfahe child’s metabolism had not
yet had a chance to clear these maternal compdbatlead accumulated utera

SCAD deficiency has now been removed from theolisicreened conditions.
Similarly, although more clinically significant, wean who are vitamin B-12
deficient can be detected by noting a raised propicarnitine levels in their child’s
Guthrie card sample. The children are also B-1&#it and are at significant risk as
they are likely to be exposed to a low B-12 digtmyinfancy.

There have been a small but regular number of iafsuffering from catastrophic
complications of B-12 deficiency in NZ in recentaye and hopefully ENBS will help
to address this problem.

A high degree of specificity is important in alkrsening programmes. ENBS
measures a number of key metabolites (corresporidiage or more disease), each
with cut-off limits, outside of which a second sdenis requested. Thankfully the
highly accurate nature of mass spectrometry mdwisiespite screening for 20 plus
diseases, the cumulative false positive rate ig ardund 0.2%. Thus in NZ we may
expect to ask for second samples in around 12@mgatannually. The second sample
is nearly always normal and reflects the normatsadf the neonates biochemistry
rather than an inaccurate first test.
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Nevertheless false positives can led to heightgaeental anxiety” and improved
communication and education of all parties involuedcreening has been suggested
as the optimal strategy in reducing tfils.

Expanded newborn screening using tandem mass epmtty is an important recent
development in screening and paediatrics. Unlikstraoreening programmes
whereby a single test is used to screen for aesitigease, ENBS uses a single sample
to measure a large number of compounds to look fange of diseases.

With some of these diseases there is good evidéateurrent clinical detection
methods are inadequate and likely to be leadingteecessary mortality and thus a
strong case can be made for newborn screening.

With other conditions the supporting evidence faesning is not yet available,
usually because of the rarity of the individualedise, although clinical experience
suggests there are likely to be benefits provideteaessary delay is avoided in the
collection, transport, and processing of the sample

The change from a ‘one test-one disorder’ to a t®seémany disorders’ paradigm
has added complexity to decision making in newlsaneening. The National
Screening Unit of the Ministry of Health, who hay@vernance over the Newborn
Metabolic Screening Programme, was required to éx@im detail the implications
of ENBS. Securing the required capital to purclthegandem mass spectrometer
was problematic and required a generous contribdtamm the Starship Foundatiéh.

For these reasons, and despite evidence supptrgraenefits of ENBS
accumulating since the mid-1998<°NZ was the last (commenced in December
2006) of the newborn screening programme counimiése Asia-Pacific region to
introduce ENBS.
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Phenylketonuria—the lived experience
Nicole Frank, Ruth Fitzgerald, Michael Legge

Abstract

Aim This study explored the lived experience of phketgnuria (PKU) for the New
Zealand adult and its relevance for issues ofrimeat adherence.

Method In-depth qualitative interviews were conductedwéight New Zealand
adults with early-treated PKU regarding their exgaces of living with PKU. The
interviews were transcribed, and then analysedyugiaunded theory. A review of
relevant medical, scientific and social scienagrditure placed this analysis in a
broader context.

ResultsA number of consistent themes emerged as charstatesf the participants’
life experiences, including a chronic uncertairntiseng on several levels, the
challenges posed by the maintenance of interperselationships with respect to the
PKU diet, and a basic incompatibility between tik&JRliet and many lifestyle
demands. Social science commentary on the topidgskomanagement, stigma, and
other types of “dieting” experiences further elates these themes.

Conclusion Based on the findings of this research, medicatfironers may be able
to better tailor their services for, and interagsiavith, the adult PKU community, for
example, by facilitating self-management, conveyewglistic expectations of
metabolic control, and increasing the volume obinfation directed to PKU adults.

Inherited metabolic diseases are a clinically dieegroup of medical conditions
which require specialist diagnosis and care. Alghoindividually they are rare, they
have a collective incidence estimated to be 1 B0lEersons, which would indicate
that many general practitioners would encountanbarited metabolic disease in
their practice at some stabe.

Despite the poor prognosis of many of these digsrd@vhich may result in

intellectual handicap, deformities, and prematwat—some may be treated or have
intervention therapy to circumvent the pathologsmduelae of the disease. One such
inherited metabolic disease is phenylketonuria (PEH related forms of
hyperphenylalinaemia, an autosomal recessive dsdirdt described in 1934. This
group of inherited disorders of phenylalanine melisin is primarily due to either a
deficiency of the enzyme phenylalanine hydrolasténclassical form, or mutations

in the enzyme in the variant forms.

With an incidence of 1 in 15,000 births in New Zewl, it is likely that there will be
approximately 4 infants per year born with thisedise (based on 60,000 births per
year). Screening for this and other metabolic dists at birth, ensures early detection
and intervention under the guidance of a metalpblisician.

For PKU, the intervention therapy appears compahtisimple (although, as the
results of the research will demonstrate, in pcactihe treatment can be quite
complicated and demanding). A restrictive diet iawphenylalanine and routine
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monitoring of blood phenylalanine levels ensured the amino acid does not
increase to the point of neurotoxicity causinglieteual handicap.

Maintenance of this diet up to adolescence has aeigcess story in preventing the
complications of this disease, and until recentlyas thought that dietary treatment
of PKU could be discontinued once the individualateed adolescence with no
adverse consequences. However, that assumptiagirntascome into question.

Recent research shows the possibility of “alarnprablems in cognition and social
functioning” for adults who discontinue the PKU tflélthough there is no
international consensus on the issue, many megliaatitioners today, including the
specialised medical team providing tertiary caretlie PKU population in New
Zealand, recommend life-long adherence to the Piettd all PKU patients.

Despite this recommendation, studies almost unamsigaeport low rates of

treatment adherence in both paediatric and adult P&pulations’® and adherence

appears to decrease with &g¥

In this research we investigate the social impathe restrictive diets for people
living with PKU and how people living with PKU assethe constraints and
consequences of dietary adherence in their owratarivwwes outside of the medical
consultation. In conducting this research we exquldhe lived experience of PKU for
the New Zealand adult and its relevance for issfi¢s®atment adherence in the light
of contemporary medical, scientific, and sociaésck literature around the subject.

Method

The research was conducted in two parts. FirstP¥ld-related literature was investigated, with
articles being located through the databases MedBaoience Direct, Proquest, Factiva, InfoTrack,
Nutrition and Food Sciences, and theMAwebsite. In addition, relevant social science ditere was
also reviewed, including literature on the socigh#icance of food and eating, dieting, stigmagan
risk, with the last category added to the revietgrdfiaving been raised repeatedly by the partitgpan
during interviews.

By combining the medical and scientific literatuvith the social science literature, a broader
understanding of individuals’ accounts of livingtavPKU could be constructed. This multidisciplinary
approach is in line with the NHC (2005) proposalifoproving clinical support for people with
chronic illness?

The second part of this research involved qualigatesearch using data from interviews with eight
New Zealand adults living with PKU. The goal of théerviews was to elicit data about the
psychosocial aspects of the decision-making rejatrchoosing to adhere to or avoid the PKU diet.

The open-ended interviews lasted between 50 amdi®@tes, and covered the following topics:
participant understandings of PKU, impressionsafmalcy and difference in regard to PKU, identity
formation, challenges of PKU and treatment adhereomping mechanisms, change of experience over
time, relationships with medical personnel, fanhidind social impact of PKU, emotional aspects ef th
experience of living with PKU, risk perception amolw that relates to treatment adherence, personal
agency and control, and the sensual aspects &Khkdiet.

Participants were located through a national da@baailable to the National Metabolic Servicestea
in Auckland. All PKU adults listed in this databgee46) were contacted by letter inviting them to
join the research project, and eight respondedi@thheesponse rate being typical of third party
recruitment). However, this was a sufficient numbfparticipants for data analysis using grounded
theory*® which focused on the meanings and experiencesiof lwith PKU.

Six of those who responded were female; two werke nfde ages of the participants at the time of the
interview ranged from 31 to 43 years. Although tnisup presented a high degree of variation insarea
such as marital status, socioeconomic standinglifeneixperiences (e.g. occupation, travel, preggan
and child-rearing), it should be noted that theifective perspective could vary in important ways
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from those adults with PKU who did not respondhie project invitation. For example, although the
older range of New Zealand adults was well repriese(including one individual who was reportedly
diagnosed just before routing screening began im Realand), the views of younger adults (in their
20s) were not represented.

The interviews were conducted by the first autidf)( transcribed verbatim, returned to the
participants for checking, and then analysed byfiteeauthor (NF), with a second researcher (RF)
checking the transcripts and thematic analysiedmsistency of interpretation. The biomedical soéen
information in both the interview analysis and literature review was verified by the third author
(ML).

Qualitative software was not considered necessarthfs project. Ethical approval was obtained from
the New Zealand Multi-Region Ethics Committee.

Results

Overview—The themes which emerged from the interviews arewdn Table 1,

and their detailed analysis forms the basis of eereatensive publicatidfiand an
unpublished Master’s thesisHowever, a number of the open coded categories wer
particularly relevant to patient-practitioner irdgetions. These were collectively
identified in the axial coding as “uncertainty” ifierence” and “incompatible

lifestyle demands” (shown by asterisk), and cardbatified at a higher level of
abstraction as forming part of the Medical, So@alk] Personal Spheres of life for the
interviewees.

Although a number of other themes arose within ed¢hese spheres, for the
purpose of this article, we will focus on only dheme per sphere (i.e. the theme
which impacts the medical consultation most exhici The selected theme from
each sphere of living will be discussed in tandeith #ihe results obtained from the
literature survey.

Medical Sphere: evaluating uncertainty—All interviewees raised the topic of
uncertainty (functioning at the level of both fuguand present) in various contexts,
and found this to be anxiety-provoking. Awarendsamouncertain future pervades

the experience of living with PKU for this projexihterviewees. Participants stressed
the newness of their situation, and the fact they fare the first generation of early-
treated adults with PKU, frequently noting thatavee (including the medical
community) “knows what the future holds” for peoplgh PKU.

Uncertainty was expressed in relation to how Idreytwould live and how long they
would retain their mental faculties. Phrases swctuacharted territory” and “no-
man’s-land” were used to describe their situatcmmveying a deeply uncertain
future. Present uncertainty that people with PKsthaonfront is connected to the
lack of medical certitude concerning PKU, and sieesambiguity pertaining to the
optimal mode of treatment. For although the Newl@®hmedical community
appears to be consistently recommending a life-IKY diet, the impression
remains among participants that the necessity wefiteof this is still ultimately
uncertain.

Participants also expressed uncertainty aroungidhe of the ideal blood
phenylalanine level, raising concerns that thegirea conflicting information from
year to year. An additional area of uncertainty wiastified relating to how to
achieve the desirable levels, and the lack of agparorrelation with self-perceived
behaviour.
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Table 1. Overview of grounded theory coding analysi

Open Coding Axial Coding Selective Coding Core Category

Extent of medical attention/intervention
Experimentation (“guinea pig”)
Appreciation of medical attention/intervention Medical
Dependence upon medical attention/intervention Scrutiny
Medicalization/objecti cation
Medical expectation (moral onus)

Anxiety about future health and ability

. . . Medical Sphere
Inconsistent medical views on best treatment

Uncertainty concerning current blood levels _ Evaluation of medical
Unsure of present e ects of condition Uncertainty* information and expertise
Hypothetical present (“what if?”)

Risk

Medical expertise

Usefulness of internet Multiple

Information from friends, family, society IS(?urcesE_of

Self-expertise (embodied knowledge) niormation

Distinct food behaviour

Stigma

Exclusion Social Sphere

Accommodation by others (or lack thereof)

Camaraderie between individuals with PKU Management of

. o . NEGOTIATOR
information, impressions

Normality Di erence* and interpersonal
Prevalence of alternative diets in society relationships

Others’ lack of understanding (to elicit positive social
Pressure/temptation to conform responses)

Reactions of others
Avoidance of potentially awkward situations

Self-denial

Limitation of culinary experience
Restricted quantities of food

Lack of choice, freedom, and spontaneity
Inability to “treat” oneself

Lack of variety Personal Sphere
Sensual aspects of food (unsatisfactory)
Challenges to life pursuits (e.g. having children, trave

Deprivation

Strategic incorporation of
the PKU diet into personal
Labour-intensive diet lives
Distaste for cooking

U
~—

PKU-related time investments Incompatible
. S Lifestyle
Time limitations
Demands*

Importance of routine for dietary adherence
Lack of routine in everyday life

The asterisk indicates coded categories discussthisi article and movement from left to right assdhe table
indicates increasingly abstracted levels of analyle core finding is that people living with PKitho were
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interviewed for this project consider the primaffeet of living with their condition to be that théecome
“expert negotiators” in thenedical social andpersonalspheres of their lives.

Uncertainty cannot be acted upon until it has eatuated, and risk assessment
plays a large role in this process of evaluatioaniof the observations made in the
social science literature regarding this stresshibth the recognition of, and the value
given to, risks are subjective and contextuallyatefent.’ leading to varying
perspectives on risk. Often, the perspective okdinal professional differs from that
of a lay-person.

Petersen and Lupton observe that “the medicalifcar will tend to interpret data
on risk through her or his own emotionally chargagerience in working with
individuals, having responsibility for their canedatreatment, and being in the
position of seeing patients die or avert deaftidr these reasons, Peterson and
Lupton argue that doctors will tend to view rislssmaore severe or negative than will
patients, and will expect a higher level of adheesto recommended treatment to
avoid the risk.

Lay people, however, may draw from a number of sesiin addition to medical
opinion to formulate their evaluations of risk, lunting their own experiences, the
experiences of friends, the familiarity or abstnasis of a particular risk, or the
perception of a particular risk relative to othergeived risks— leading to a
discrepancy between the risk assessments of thpdrties.

Two participants gave especially good exampleti@fissessment of risk based on
the information at hand. Interestingly, both indivals were off-diet at the time of the
interview. The first participant very clearly assed risk associated with PKU in
relative terms, comparing it with other forms aflito which she perceived herself to
be susceptible. Because she saw her weight arfdrhdy history of other illnesses as
additional (possibly more pressing) health risk$yife harm from being off-diet was
for her, “just another possibility”.

She therefore concluded:

...particularly with my other bits and pieces thatl’got thrown into the mix as well...I
think...that controlling blood levels is not necedlgagoing to make a big difference
(female, age 35)

The second example of risk assessment highligbtalistract nature of risk
communication. This participant explained thatraféxiewing some recent research
demonstrating the benefit of returning to the PKé&t @for those who have been off-
diet)

...it seems so far away...Like if 1 of the 200 pedplgh PKU] in New Zealand would say to

me, ‘Well, that happened to me,’ | would probalalie it more seriously...It just seems like
another world (female, age 38).

Social Sphere: managing social differenceA#though “difference” was

experienced by interviewees to varying degreasas reported by all project
participants. The most evident outward expressfathfference was considered to be
in relation to their eating habits—either when tlaeg unable to eat what those around
them are consuming, or when they consume sometbualy as the protein substitute)
unfamiliar to others. Both instances serve to ereadistinction between the
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individual with PKU and others. In many cases, thiference led to a lack of social
acceptance, exclusion, and stigma (especiallyiidobod).

The interviewees in general held a deep appreaidbiothe social nature of food
consumption, a topic that the social science liteeaelaborates upon in great detail.
Indeed, sharing food can be a potent symbol of conityrand relationship,
friendship, trust, and intimacy.

Alternatively, the refusal of food can send equatlpng messages indicating the
refusal of such intimacy—effectively communicatifemmity and hostility™®
Individuals with PKU wishing to maintain dietaryrdool must continually reject food
that is not permitted in their strict dietary regim and participants experienced this to
be a very awkward social situation—desiring to rtamtheir diet, yet not wishing to
inadvertently offend. The expectations involvedhilie sharing of food (and the
resulting temptation and persuasion initiated theot) was reportedly one of the
primary difficulties encountered in dietary adher@nand one of the most common
reasons for transgression of the PKU diet.

Goffman’s work on stigma provides some interestirgights into the social nature of
difference and the corresponding management afpetsonal relationships. He
speaks of both information management and impresa@nagement in this regard.
Goffman uses the concept of controlling or managuigrmation in the context of
difference to refer to the questions of “to disptaynot to display; to tell or not to tell;
to let on or not to let on; to lie or not to ligydain each case, to whom, how, when,
and where * These questions are certainly a matter of congiderand sometimes
concern for adults with PKU, as the interviews destmated. Of perhaps even greater
concern for many participants is Goffman’s conadpimpression management.

Many examples of “impression management” were plediby the interviews, such
as one participant’s method of always explainingdeadition in social
circumstances so as to not appear “rude” by hé&rdéparticipation in food-related
events, or another participant’s offhanded, triziah attitude toward her condition,
which she found caused others to likewise regaraddedition as minor and
unproblematic.

In listening to participants explain their methadsnanaging their interpersonal
relationships in the face of social differences ihotable that emphasis is routinely
placed on the feelings of others rather than tdevidual with PKU (as is common
with experiences of stigmatisatith This has important implications for treatment
adherence. Participants consistently explainedttiegt were most likely to transgress
their PKU diet when the comfort and feelings ofestheople were at stake.

For instance, when asked in which situations sh@dviind herself most likely to
abandon (or make exceptions to) the diet, oneqyaatnt replied:

...if 've been invited to someone’s place and theyiraybe someone who doesn’'t know me
very well, or knows me but they’re really kind gitight about being a really good hostess,
or...they’re not going to cope with me saying, “Wetlan eat this, but | can't eat that and
that,” and they'd feel really bad about itt’s usually more about the other people than me
(female, age 35)

This leads to an interesting finding. Whereas somdical literature stresses the
importance of a strong network of social suppoddherence to the PKU di&t?%%
and adjustment to chronic medical conditions inegalf? participants in this project
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alternatively spoke of others primarily astamllengeto dietary adherence, and
consistently reported a very high degree of selfivation, self-discipline, and
independence in their maintenance of the PKU diet.

Personal Sphere: negotiating incompatible lifestyldemands—n common with
members of the general population, individuals Akl have strong feelings
concerning the lifestyles they desire and for whiady feel suited.

For instance, the strong disinterest in cooking laaidng expressed by interviewees
represents one grave conflict between desiredyifeand the substantial time
required to prepare special PKU foods (such asigakith low-protein flour).

In addition, as society shifts towards increasiogstmption of convenience foods,
individuals with PKU often feel left behind, attetimg to juggle the modern
expectations of jobs and families, without the@iduick meal-time options. Several
other challenging lifestyle incompatibilities waakso mentioned, including adherence
to the PKU diet while travelling (especially forterded periods of time and in
unfamiliar locations).

A review of the social science discourse arountrdjeeveals that this “unrealistic”
nature of the strict PKU diet (in its ideal forn@presents one of many similarities
between people’s experiences of the PKU diet anglp&s experiences on other
types of diets.

Both the PKU diet and other types of diets (e.gtdfor weight-loss) are externally
defined, and as such, may not take into consiaderatihe demands of “real life”.
Commenting on women'’s attempts to loose weightudinodieting (but equally
applicable, it seems, to the situation of peopla &KU diet), Bordo argues that
“...total control[over food]is ultimately unsustainable” and that “ ‘the diistitself a

precarious, unstable...state.>”

Similarly, Orbach notes that the “ideal” present@gdvomen on diets for the purposes
of weight-loss produces “a picture that is far reswfrom the reality of women’s
day-to-day lives™ The parallels here are self-evident and indicativieirther insight
to be gained through such a comparison.

The participants in this project negotiate thesapeting lifestyle demands partly
through strategic dietary flexibility, delineatibgtween the “exceptions” that would
cause guilt and those considered permissible.ristamce, exceptions made for the
benefit of others were often justified, as in tikaraple provided in the previous
section. Many also appeared to view the occasexadption as harmless, but a string
of exceptions as ultimately poor adherence.

As one participant explained...
...it's not too bad if | just do a bit here and thdvat if [one thing leads to another andall
ends up bad choices, then | feel really bad” (femade 43).

Another participant mentioned that intentional swletion would not cause guilt...
...if  made a conscious thing that...| was going tbssamething and was just going to enjoy
it, then no waywould | feel guilty]' (female, age 35)

Additionally, many participants indicated that “sga occasions” such as birthdays,

special meals out, or weddings, may constitutesafijcation for making guiltless

exceptions to the PKU diet.

NZMJ 21 September 2007, Vol 120 No 1262 Page 49 of 94
URL: http://www.nzma.org.nz/journal/120-1262/2728/ © NZMA



Routine also proved to be a strategic element gigiradherence to the PKU regimen
for many. Due to the limitations that the diet ireps on the individual, once a
particular system is found to suffice, participaniten hold to that system with little
alteration. It is when participants are caughtrup healthy routine that they find
treatment adherence to be most feasible. Thiscpiéati strategy, however, is limited
in its usefulness by the unpredictability of lifledathe impossibility of maintaining a
routine at all times.

Ultimately, every aspect of PKU treatment (from timeing of blood tests to the
invention of palatable, convenient ways to prepheemedical foods) requires a great
deal of organisation and planning.

Participants expressed that one of the most difftmnsequences of PKU is the need
to think constantly, and ceaselessly, about dieis Tesults in what one participant
referred to as a considerable “mental burden”.

Discussion

The difficulty of managing the highly restrictivew phenylalanine diet for PKU has
significant ongoing effects for the patients inadpects of their lives and serves as a
reminder that patients juggle more than their dosgsin living with a chronic illness.

Medical consultations have become simply one mmeaain which to form an
independent opinion of the relevance or otherwidd@advice being offered. On the
other hand, the clinician has the opportunity tewsignificant support through the
provision of compassionate guidance to these gatiamegotiating a life in which
the future is perceived to be so uncertain.

Expert clinical support is also eagerly sourced laigtily valued by women with PKU
during their pregnancies when the maintenanceasimenended levels of
phenylalanine is difficult to achieve. (The reconmuiied PKU diet during pregnancy
is stricter than at other times, permitting fewailylexchanges of phenylalanine.
Tight control of phenylalanine levels is vital dugithis time as high levels of
phenylalanine can cause serious developmentalgnsbin the foeti?8)

Many of the suggestions made by the participantgviproved care relate directly to
the three aspects of living with PKU identifiedtins paper.

One frequent grievance raised by interviews corexermew developments in
knowledge and treatment concerning PKU. This wasgdeed to be neither readily
accessible nor conveniently distributed, and dudeaverall uncertainty felt by PKU
adults and their need to personally evaluate availsources of information in order
to choose a course of action, this was problematic.

Healthcare professionals could reduce this uncgytdy increasing the volume of
information directed to the adult PKU communitydamsuring that the means of
delivery is more appropriate. (For instance, a nenab participants mentioned that
information online is either inconvenient if they dot have ready access to the
internet, or untrustworthy, indicating that thesaineed for alternative methods of
information distribution.)

The independence of adults with PKU stemming frbenature of social interaction
with non-PKU individuals also has interesting incpalions for healthcare
professionals. The importance of teaching dietadgpendence from a young age—
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including the cooking skills necessary for dietadherence—was raised, as not all
participants were given such instruction durindadtood.

Additionally, because their treatment is largelj-geverned, interviewees stressed
that the accessibility of their healthcare work&es important and highly valued. The
complexities of contemporary social life shouldoaie addressed within the clinical
consultation.

To advise PKU adults to “bake” in a world of fagbél chains, double income
families, and renegotiated gender roles runs #ieai rendering the medical
consultation invalid through its lack of relevarioecontemporary lifestyles.

As we gain better knowledge of the molecular amdtemical implications of
inherited metabolic diseases and design interverdi@tegies based on biochemical
interactions, it is important to retain the pergpecthat treatments should not be
based solely on the long-term clinical outcomedis on the life experiences of the
individuals living with the disease.

PKU represents a classical “treatable” inheritedaielic disorder with a good
clinical outcome; however, this research has detnatesl through exploring the lived
experience of PKU, how professional support co@dlered to better meet the
needs of those with PKU and their families.
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Glycaemic control and antibody status among Waikatp
New Zealand patients with newly diagnosed Type 1 abetes

Doron Hickey, Grace Joshy, Peter Dunn, David Simsn&oss Lawrenson

Abstract

Aim To compare the risk of admission to hospital anar gbycaemic control by
antibody status among newly diagnosed patientstyit& 1 diabetes in the Waikato
Province of New Zealand.

Method A cohort aged under 25 years at diagnosis wasifaehfrom the Waikato
Diabetes Service database. Patient informationexttacted from the database,
hospital information system and patient’s papeorés. The primary outcomes of
interest were: admission to hospital, admissiordfabetic ketoacidosis (DKA) and
most recent HbAlc.

ResultsThe cohort included 164 people with predominaaitiier Type 1 (133, 81%)
or Type 2 (27, 16%) diabetes, diagnosed betweeid 488 2002. Twenty-four (18%)
patients with Type 1 diabetes had one or more aloms for DKA. Logistic

regression suggested male gender was associateduwbsequent poorer glycaemic
control whereas a positive anti-IA2 status was @ased with HbAlc less than 10%.

Conclusion Admission to hospital with DKA was uncommon. Wd dot show an
association between antibody status and subsegdenssion to hospital. In view of
its association with better glycaemic control, highels of anti-IA2 may be a good,
rather than a poor, prognostic feature in newlgudased patients with Type 1
diabetes.

The classification of children and young adultsspreaing with symptoms of diabetes
mellitus has become more difficult with the incre@s Type 2 diabetes in young
patients (including in New Zealand).

Type 2 diabetes among children and young adultsntcasased due to their
increasing obesity and associated insulin resistamgpe 1 diabetes is categorised as
either being positive or negative for various aatwodies related to pancreatic
function® Although most patients with Type 1 diabetes ateantibody positive,
ethnicity confers notable differences and may nakdirmation of Type 1 diabetes
more difficult.

Studies have shown that up to 90% of those of MontlEuropean origin have raised
levels of at least one antibody at diagnosis 4 stitiiey are less frequently found in
black Africans or African Americars® In the last 10 years it has become routine to
measure anti-GAD and anti-IA2 antibodies to essibihe type of diabetes in a given
patient.

While such measurements remain imperfect diagnastis, the results are of use in
the management of individual patients. It has ma&rbestablished whether the actual
titres of anti-GAD or anti-lIA2 antibodies at diagm® have prognostic implications
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although the presence of anti-GAD is believed tanbecative of beta-cell
destructior?,

Admission to hospital with DKA is a serious andegutally life-threatening situation.
Whilst it is rare in children, it is an importarduse of premature death in young
adults with diabete¥ If we can identify those most at risk and throngbre

intensive management prevent admission with DKA s is a worthwhile goal.

The WDHB (Waikato District Health Board) catchman¢a includes 339,100 people
(8.3% of New Zealand’s population), of which 74,12@%) are Mori and 7,300
(2%) are Pacific people (mostly of Samoan, Ton¢danean, or Cook Islands origin).

Previous studies have shown thatdvl in New Zealand have a prevalence and
incidence of Type 1 diabetes lower than that inNlke/ Zealand European
populatiorf**?whilst Type 2 diabetes is more common indvl.? The use of
antibodies is becoming increasingly important féedentiate between Type 1 and
Type 2 diabetes in the province, particularly amh@ri.

The primary aim of the study was to observe thati@iship between antibody status
in newly diagnosed patients with Type 1 diabetabtae incidence of hospital
admission. A secondary aim was to compare antilstatys with long term
glycaemic control as measured by HbAlc.

Method

Study design and subjects-An inception cohort of newly diagnosed patientshvditabetes between

1997 and 2002, under the age of 25 at diagnosisemident in the WDHB area was identified from

the Waikato Diabetes Service diabetes databastriing year of 1997 was chosen because this is
when anti-GAD and anti-lIA2 measurements began todeel. Including patients diagnosed up until

2002 assured a minimum of 3 years of follow-up.

Patients were identified as Type 1, Type 2 androfhge 1 patients were differentiated from Type 2
patients based upon their symptoms, insulin depw@eind autoantibody and glucose test results.
Patients with gestational diabetes without diabptegnatally, drug-induced diabetes, and diabetes
related to surgery were excluded from the study.

Where the type of diabetes was not clear two indeget clinicians reviewed the patient file and
provided a clear diagnosis. Where there was disaggeat between clinicians, the case was discussed
until a final diagnosis was reached.

Other patient information extracted from the diasedatabase included: gender, date of birth,
ethnicity, year of diagnosis, age at diagnosisiahand current treatment, and HbA1c data. Where
information and data was missing from the datahthge\WDHB electronic database and local
pathology laboratory’s database was used to finddletails. If this did not provide the needed
information the patient file was requested from ké&d Hospital.

Anti-GAD and anti-IA2 data were obtained from théOWB and local pathology laboratory’s
electronic databases and paper records. Becaugdiffei@nt laboratories were used to measure the
antibody levels in different patients, there wave tifferent units and reference ranges in our
database: units/ml (measured by a radioimmuniodsgalye Waikato Hospital laboratory) and Units
(used by Diatranz laboratory).

Consequently results were categorised into noragindicated in the relevant reference range foh ea
laboratory), weakly positive, positive, or stronglgsitive as categorised in tertiles of the positests.
The primary outcomes of interest identified wem@méssion to hospital admission for diabetes related
conditions; DKA subsequent to being diagnosed di#tbetes; and most recent HbAlc levels. Death
was initially considered as a possible outcomentafrest, but no patients in the cohort died dutireg
study period.

Information on hospital admissions for diabetestesl complications (DKA, hypoglycaemia, and
infections) were obtained from the WDHB electrop@tient database. This records the date of all
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admissions and discharges and the reason for thissidn. The results of all laboratory tests ase al
available. Follow-up of all those Type 1 patiemtsluded in the final database was through accessing
the hospital electronic patient records, throughl#toratory database or by accessing the papes.not

Statistics and analysis—Fhe incidence of diabetes by type and ethnicity easulated. Population
figures were obtained from the WDHB and were basedstimates from the 1996 and 2001 censuses.
Ethnic categories for these populations were gaeM ori, Pacific people, and Others (approximately
5% of the non-Mori, non-Pacific population are of Asian descemictzoutcome of interest (number

of hospital admissions, number of hospitalisedages of DKA and latest HbAlc level) was plotted
against a number of independent variables, inctudige, gender, ethnicity, age at diagnosis, body
mass index (BMI), total cholesterol, triglyceridsd autoantibody status to investigate any cofoslat
Logistic Regression analysis using backward elitmmawas used with a significance level of 0.05.
Analysis was performed using STATA version 8 sofaSTATA Corp., College Station, TX, USA).

Results

A total of 164 people (84 males and 80 femaleskeutite age of 25 residing in the
WDHB area were diagnosed with diabetes between 48872002. Of the 164, 133
(81%) were diagnosed with Type 1 diabetes and 8%jJWwith Type 2 diabetes. Four
(2%) had diabetes due to other causes, includirignhaonset diabetes of the young
(MODY), cystic fibrosis, and pancreatitis.

Mean age at diagnosis in those with Type 1 diab&tes13.0 years (14.8 in Mri

and 12.6 in European), 67/133 (50.4%) were femadetlhe mean BMI was 22.9
kg/m?. The average incidence of Type 1 and Type 2 déslietthe Waikato region
are shown in Table 1 and indicate the incidencEypk 1 diabetes was as expected
lower in M ori than non-Mori whilst the reverse was true in Type 2 diabetes.

Table 1. Incidence (%) of people with diabetes (pet00,000 per year) in the
Waikato DHB area, by diabetes type as well as etheities and ages of people
affected

Variables All (%) M ori (%) European/Others*
Type 20-24 years 3.5(2.2-4.8) 8.0 (4.3-11.7) 1.5 (0H-2
Type 1

0-24 years 17.4 (14.4-20.4) 6.7 (3.3-10.1) 21.9 (17.9-25.9)
0-14 years 17.9 (14.1-21.7) 5.3 (1.6-9.0) 24.3 (18.8-29.8)
15-24 years 16.8 (12.0-21.6) 9.3 (2.4-16.2) 20.1 (13.9-26.3)

Data are crude incidence rates (95% confidencevial)ebased on average Waikato population for #wéopl
1997-2002; *The 2 patients of Pacific origin arelirded in the total population but are not includethe column
headed European/others.

Of the 133 patients with Type 1 diabetes, 85/13®4phad anti-GAD results
available and 68/133 (51%) had an anti-IA2 resbitthose that had both tests, 59/68
(87%) had either anti-GAD, anti-IA2, or both pogti Seventy-six percent were anti-
GAD positive and 65% were anti-IA2 positive. Thdilbody status of patients by
ethnicity is shown in Table 2 and Table 3.

Fifty-nine (44%) of the 133 Type 1 patients hadrbadmitted to hospital for a
diabetes-related complication since their diagndgie main reason for admissions
were hypoglycaemia, infections, or DKA. There weteepisodes of DKA among 24
patients. Of the 20 patients who had a negativie@AD result, 1 (5%) had an
episode of DKA—this compares to the 10 (15%) pasievho had an episode of DKA
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from the group of 65 patients who had a positie@AD result (OR=1.46,
p=0.226). Of the 48 patients who did not have &RAbP measured, 13 (27%) had an
episode of DKA.

Table 2. Anti-GAD measurements by ethnic group

Variables All M ori European/Others*
Anti-GAD Positive 65/85 (76%) 9/10 (90%) 55/74 (74%)
Anti-GAD Negative 20/85 (24%) 1/10 (10%) 19/74 (26%)

Not Tested 48/133 5/15 42/116

Table 3. Anti-IA2 measurements by ethnic group

Variables All M ori European/Others*
Anti-lIA2 Positive 43/67 (64%) 6/9 (67%) 37/58 (64%)
Anti-lIA2 Negative 24/67 (36%) 3/9 (33%) 21/58 (36%)

Not Tested 66/133 6/15 58/116

*The 2 patients of Pacific origin are included lie total population but are not included in theuouh headed
European/others.

Almost all the patients (97%) had HbAlc measuremanmailable. The mean HbAlc
at diagnosis was 10.3% and after 3 or more yeatrgatfment the mean was 9.4%.

The current patient characteristics that are imibireg DKA, number of hospital
admissions, and recent HbAlc >10% were investigaset logistic regression
analysis. The dependent variables used included rosnt HbAlc, current age,
gender, duration of diabetes, dti (Y/N), anti-GAD positivity, and anti-1A2
positivity in the initial models.

Non-significant variables (p<0.10) were excludeshgdackward stepwise
regression. The most recent HbAlc was found to sigraficant predictor of DKA
(OR=1.5[1.23-2.01], p=0.001) and hospital admis$®R=1.24 [1.01-1.57],
p=0.039). Male gender and anti-IA2 positivity wergnificant predictors of most
recent HbAlc >10 (OR=4.34 [1.39-13.54], p=0.012 @r4=0.278 [0.09-0.88],
p=0.029 respectively).

Table 4. Anti-GAD levels of patients who had an epbde of diabetic ketoacidosis

Anti-GAD Levels (Units) N (%)

Normal 1/20 (5%)

Weak positive 5/20 (25%)

Positive 4123 (17%)

Strongly positive 1/22 (5%)

Not Tested 13/48 (27%)

Total 24/133 (18%)
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Discussion

Our study shows that admission to hospital with DK&s a relatively rare event and
only occurred in 24/133 (18%) of patients. Othanamon reasons for admission
included hypoglycaemia and infections such as chasis, infected pilonidal sinuses,
and urinary tract infections.

We did not show any statistically significant agations between antibody status and
subsequent admission for DKA, but there was a megassociation between anti-
IA2 positivity and poor glycaemic control as indied by a HbAlc > 10%.
Unsurprisingly, a current HbAlc >10% was also asded with risk of hospital
admission or of admission with DKA.

Zanone et al also found an inverse relationshivéenh autoantibody levels and
HbA1c!® They hypothesised that patients with higher akBi-levels had more
functioning islet cells, which led to more endogesinsulin synthesis and hence less
dependence on exogenous insulin. Our findings suipipis in that those patients with
positive anti-lIA2 were less likely to have a HbA410%.

We did not show any association between anti-GARIkand HbAlc, hospital
admission or DKA. This is in contrast to the snsalidy of 35 patients by Hoeltke et
al who showed an association between positive@AD status and risk of poor
glycaemic control.9

The incidence rates of under-25 year olds with Typed Type 2 diabetes residing in
the WDHB catchment area averaged 17.4 and 3.5Qt0Q00 people per year,
respectively.

The incidence for the under 15 age group was 1&r9@0,000, which is the same as
that found by Campbell-Stokes et al in their stdayhich covered all of New
Zealand during the 1999-2000 period. Rates foMheri and non-Mori 0-14
subpopulations (5.3 and 24.3 per 100,000, respgjiare also similar to that found
by Campbell-Stokes et al. (5.6 and 21.7 per 100,G83pectively).

It should be noted that the classification of ethgiin hospital records is not entirely
consistent with self-identified ethnicity or thatad in the New Zealand censfls.
Whilst this may have introduced a bias into théneste of the incidence of Type 1
diabetes in Mori, the consistency with the rate found by Camip8tdkes is
reassuring and suggests substantial misclassiicatiunlikely to have occurred.

A significant difference in incidence by ethnicitsas noted for Type 2 diabetes, with
M ori having a much higher incidence rate. Theselteare further evidence that the
incidence of Type 1 diabetes has increased sirc2380s>° It also supports the
belief that Type 2 diabetes is becoming a moreifstgimt health issue among
younger people, especially Mri.*’

Of those Type 1 patients that had two autoantibndgsurements done, 87% tested
positive for one or more autoantibody. Of the 8bguas that had an anti-GAD
measurement done, 65 (76%) had a positive redul.i3 a similar result to that
found in other studie%'®*

Some studies have ignored those with idiopathiceTypliabetes and only include
those insulin-dependent patients who are antibadjtipe. However in all other
respects these idiopathic Type 1 patients areairtolthose that have positive anti-
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GAD or anti-IA2. Of those that had both an anti-GABd anti-IA2 59/68 (87%)
tested positive to one or other. This result ighdly below the 94% who tested
positive in the study by Campbell-Stokes et al.

Because our study covered an initial period wheibady levels for anti-GAD and
anti-lA2 were not always done, the proportion dfigras that had their antibody
status tested was lower in the earlier years o$they. This may have introduced a
bias to our findings. However in those that didénéhweir antibody status tested the
proportions of New Zealand Europeans andMwith positive autoantibody results
were very similar. Thus the findings from the US#d&outh Africa where a higher
proportion of African/African Americans with Typediabetes are antibody negative
does not seem to be true for ofi.

We believe this is the first time this finding Haeen reported. Whilst a larger study is
needed to confirm this finding it does suggest thate maybe aetiological
differences in the development of Type 1 diabetesfricans and African Americans
compared with other ethnic groups includingadl.

Some methodological problems included having tvibotatories that used different
auto-antibody measurements. This meant that wedcheategorise the level of
antibodies rather than treat them as a continu#ébia. Despite their benefits, the
immunoassay techniques used are not perfect acansstill quantify auto-antibody
levels incorrectl$’ and so our categorisation maybe a reasonable agpro

Another potential problem is that there may be wmndporting of hospital admissions
due to patients moving out of the WDHB area or geaint of the area when medical
assistance was needed. Bias may have come froimiatia only having auto-
antibody measurements done on patients where they not confident of their
diagnosis. Such a bias may be one explanation Wy (13/48) of those Type 1
patients who did not have their anti-GAD levels swead had a subsequent episode
of DKA compared to 15% (10/65) of those who hadrtheti-GAD measured and
had a positive result.

This study provided an overview of diabetes inat@h and young adults in the
Waikato Province. It has shown that the most imgrdrpredictor of subsequent
admission to hospital for newly diagnosed patievith Type 1 diabetes is poor
glycaemic control. If there is evidence of antilesdio IA2 present then this is a
predictor of better glycaemic control and it maythat these patients will have less
complications than those who are anti-IA2 negative.

Whilst anti-GAD is an important marker indicatirgetlikely subsequent need for
long-term insulin therapy in adultjt does not help predict risk in newly diagnosed
Type 1 patients.

As previously found by Scott et al, good glycaepoatrol is hard to achieve in
adolescents and young adults with Type 1 diabebes concentrating on improving
glycaemic control in all newly diagnosed patientthwype 1 diabetes would seem to
be the most important factor in reducing hospitkhesions and other complications.
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Persistent anaemia due to scurvy
Vincent Ho, Pieter Prinsloo, John Ombiga

We present a case of a 45-year-old man from Papwa®lLinea who presented with
anaemia. A bleeding duodenal ulcer was thoughtlhitto be the sole cause of his
anaemia but when his anaemia did not resolve gespgmostasis and blood
transfusion another explanation had to be entextiain

Physical examination noted florid features of sguamd a poor dietary history was
elicited. Scurvy is a rare clinical condition in dewn times and a high index of
suspicion together with a good history and physesalmination is required to make a
prompt diagnosis.

Case report

A 45-year-old man from Papua New Guinea presemtiet Cairns Base Hospital's
Emergency Department after being referred for ingason and management of
anaemia. He had complained of a painful swollehtrignee with limp and lethargy
for the past 6 months. His local medical officed lpgescribed him diclofenac 50 mg
three times daily for the past 2 weeks for analgdsithe last few days prior to
admission to hospital he described epigastric pathmelaena. His past medical
history was significant only for depression. He igdrfrequent alcohol consumption.

Laboratory investigations noted normochromic nomticcanaemia with a
haemoglobin of 59 g/L. His white cell count, platetount, and coagulation profile
were all normal. Iron studies revealed low seruwn ievels with high ferritin levels.
Vitamin B-12 and folate levels were in the nornaige.

His anaemia was attributed to an upper gastrointdgileed on the background of
non-steroidal anti-inflammatory use. He was trassfl4 units of packed cells,
commenced on intravenous proton-pump inhibitorapgrand admitted for urgent
endoscopy.

At endoscopy, a large duodenal ulcer was visuabsetithe bleeding vessels at the
base were clipped, providing haemostasis. His spiggain and melaena resolved.
In spite of this, over the next 3 days his haemioigl@rogressively dropped to 63 g/L.
A repeat endoscopy did not show any signs of reipleading from the ulcer. Another
cause for his anaemia was sought.

Physical examination revealed that he had markegiwal swelling and bleeding
(Figure 1). His skin follicles were noted to hamereased pigmentation and this was
later confirmed to be perifollicular hyperkerato@tsgure 2). His right leg was as hard
as wood and he had prominent ecchymosis of hi& thith a large right
haemarthrosis.

Further enquiry regarding his diet revealed thah&e a very poor oral intake for
many months and virtually took no vegetables ait.fru

Scurvy was suspected as the clinical diagnosis.
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His plasma ascorbic acid level recorded as 5 miotéingfnormal range 20-120
micromol/L) thus confirming vitamin C deficiency.

Figure 1. Gingival swelling and bleeding in our paent with scurvy
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He was commenced on vitamin C 250 mg three timig alad his dentition,
ecchymosis, and haemarthrosis improved rapidly fididlood count quickly
normalised. He was discharged on an oral protonppuimbitor, given advice
regarding a healthy diet, and follow-up with a tiein was arranged.

Discussion

Scurvy is traditionally found in impoverished pogtibns, people on ‘fad’ diets,
alcoholics, and those with psychiatric disturbarfc@enturies ago it was common in
sailors on extended voyages due to the lack ofi fiest and vegetables on board.
Initial presenting symptoms are generally non-dpeand include weakness,
anorexia, depression, and lassitade.

The diagnosis of scurvy is based on the findingpacific clinical features supported
by a consistent dietary history. A plasma vitamile@l of below 11 micromol/L
supports the diagnosis of scurvy, as it correspomastotal body store of less than
300 mg*?

As a result of defective collagen biosynthesis uascorbic acid deficiency, blood
vessel fragility manifests as petechiae, purpurd,large ecchymosés.
Haemarthroses of the knee have been desctibed.

Bleeding gums and gingivitis are prominent in induals with pre-existing
periodontal disease. Dermatological features ireliken and coiled hairs (due to
abnormal collagen formation), and perifolliculaeh#rrhages and hyperkeratosis.
Anaemia is seen in 75% of cases of scurvy, with and folate deficiencies as
contributing factor$.

The institution of treatment for scurvy is simp@ral vitamin C supplementation
leads to dramatic and rapid improvement in symptanith clinical manifestations
disappearing within weeks.

Our case illustrates that even if a case of anaappaars obvious, for example a
classic picture of a gastrointestinal bleed, itriperative to search for other causes if
the anaemia still persists despite correction.

Scurvy is a rare clinical condition which can aaaolor persistent anaemia if
untreated, and a high index of suspicion with adgoigtory and examination is
required to make a prompt diagnosis in order todeddy treatment.
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Modern milk alkali syndrome—a preventable serious
condition

Binay K Shah, Sharath Gowda, Hejmadi Prabhu, JeWieira, Harish C Mahaseth

In the post H-blocker era, milk alkali syndrome has become varg. However, with
growing use of over-the-counter (OTC) calcium pragians, a resurgence of this
disorder has been noticed. We report a case ofeséypercalcaemia resulting from
overuse of calcium preparations.

Case report

A 47-year-old female from an adult home (residém#e home / rest home) was
brought to the emergency room with history of abot@inpain, loss of appetite,
lethargy, and constipation.

Her past medical history was significant for Dowsy;drome and hypothyroidism.
Her home medications were risperidol, levothyroxalendronate 70 mg once a
week; two calcium preparations (one containingiaatccarbonate 500 mg and
vitamin D 200 IU, and the other containing calciaanbonate 500mg) each three
times a day; and raloxifene 60 mg once a day. & ma clear from the adult home
notes why the patient was taking two calcium prafans: raloxifene and
alendronate.

ER vitals (vital signs) were normal and the phylsegcamination was unremarkable.
Her lab results at admission revealed sodium 14®Ifninormal range: 135-145
mmol/L), potassium 3.3 mmol/L (3.5-5.3 mmol/L), ehtle 104 mmol/L (97-107
mmol/L), bicarbonate 33 mmol/L (22—-33 mmol/L), btbarea nitrogen (BUN)

25 mg/dl (5-19 mg/dL), creatinine 4.1 mg/dL (O—fnd@/dL), glucose 79 mg/dL,
calcium more than 16.5 mg/dL (8.5-10.3 mg/dL), almimin 3.8 g/dL; liver
function tests and thyroid-stimulating hormone () Stre normal.

Intact parathyroid hormone (PTH) was 8.9 pg/mL @®pg/mL) and serum protein
electrophoresis and urine protein electrophoresi®wormal. Renal sonogram
showed no abnormality.

The patient was treated with intravenous (1V) fuahd furosemide for
hypercalcaemia secondary to milk alkali syndromex. $€rum calcium normalised in
2 days and renal function returned to normal.

Discussion

The commonest cause of hypercalcaemia is hypehyaoadism in outpatient settings
and malignancy in inpatient settings. Milk alkathdrome was a common cause of
hypercalcaemia when peptic ulcer disease was tredth Sippy regimehconsisting
of hourly administration of milk and cream with @xtare of bicarbonate containing
salts that included calcium carbonate.
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Renal failure and alkalosis as toxicities of Sippgimen was recognised by Hardt
and Rivers in 1923 The hypercalcaemia which is now known to be céirehe
milk alkali syndrome was first described by Copd @862 With the advent of ki
antagonists and proton pump inhibitors, the usantdcids to treat peptic ulcer
disease declined dramatically and the incidendbesyndrome fell to 2% of all
patients admitted with hypercalcaemia during 1985389*

Recently, there has been resurgence of the caseskadlkali syndrome due to
common use of calcium therapy for osteoporosiglingavailable OTC calcium
carbonate preparations, and use of calcium carbdoahinimise secondary
hyperparathyroidism in patients with chronic refagure.

In a recent study during surveillance period frd®88to 2003, milk alkali syndrome was the
third most common cause of hypercalcaemia (8.8%)tla® second most common cause of
severe hypercalcaemia (>14 mg/dljherefore, with the increased use of calcium caske
for treatment of osteoporosis, an increased awaseniethe milk alkali syndrome is
necessary.

There is no correlation between reported intakeisti@ severity of the
hypercalcaemia or other manifestations of the disbln susceptible patients, milk
alkali syndrome begins with development of hyperaamia. High serum calcium
produces a decrease in glomerular filteration aatk along with increased alkali
intake, causes metabolic alkalosis and furtheresees calcium excretiSiNausea
and vomiting further dehydrates the patient thengbysening the effects of
hypercalcaemia, renal failure, and metabolic akigldOur patient was taking calcium
preparation 3 grams/day.

Symptomatic patients and patients with serum caldevels above 13.5 mg/dL
generally warrant aggressive intervention. Treatnmehally consists of IV normal
saline and a loop diuretic.

This case highlights a serious complication of agmescription drug when used
inadvertently. Milk alkali syndrome is likely to beme more common with increased
use of calcium preparations for osteoporosis.nte&asily be recognised by taking a
thorough medication history.

Similarly before prescribing “safe” medications Bws calcium preparations, we
should carefully assess other similar medicatibas the patient may be taking.
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Risky knowledges: the sociocultural impacts of pemal
genetics in a knowledge-driven economy

Michael Legge, Ruth Fitzgerald

Abstract

The rapid developments in modern genetics are ¢ch@nige way disease and
wellness may be considered. New concepts are emgesgich as predictive genetic
testing and forecasting future disease, as welltasnet genetic analysis available to
the public. In this short communication we consisl@me of the implications relating
to predictive genetic testing in the public domain.

Twenty-five years ago, genetics had a small pgotag in general medicine.
Although it was known that genes held the ‘recifoe’'the human body, and could
provide clues relating to why health was affectbd,understanding of the
information and its application was a distant gdlere was little that could be done
to predict how an individual’'s genes may lead tallaess or how a disease may be
prevented in which genes played a part.

The inheritance of single gene disorders such sisccfybrosis was understood, but
how the incorrect genetic information led to theedise was poorly understood. Such
a poor understanding of the molecular basis ofadiséed to inadequately formulated
intervention strategies based on symptoms alone.

As molecular and biotechnology knowledge progressetspecific identity of genes
associated with both health and disease has iredtgasducing changes in the
conventional perceptions of disease. Genes haveilertified which make certain
individuals susceptible to a disease rather th&uellg having the disease. Equally in
families, various members can be identified aseeitfaving a mutated gene, thereby
increasing the risk of a disease or not havingrib&ation and therefore having a
‘genetic advantage’ over parents, siblings, or othembers of the extended family.

The impacts of such knowledge became increasimpwar@nt as the draft of the
Human Genome programme began to unfold in 200%ifgtlerg approximately
30,000 genes from which we have both normal andraba function. Information
relating to human genetics and health now escatze&ly—demonstrating that not
only are genes implicated in disease but alsoitifkyence or are influenced by
environmental factors on our bodies, including tiotn and how we repair, age, and
respond to treatment.

Contemporary health applications of genetic knowlede

Rapid development of genetic testing and infornmatias led to very specific tests for
certain single gene disorders and implicated mahgragenes in the disease process.
Genetic diseases not yet manifest can now be fahtivhich has led to the
development of predictive genetic testing—i.e.itggstor a genetic disease which
could (e.g. Huntington’s Disease) or may (e.g. iited breast cancer) develop in the
future. In effect, individuals are being identifiad being genetically susceptible to
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futuredisease, changing the concept of health being elkfas the presence or
absence of disease to the concept of increaseecoeaked statistical probability of
future disease developing.

These biotechnological advances can also predietheh a pre-implantation embryo
may be susceptible to a genetic disease whichdgveloped) would appear many
years after the infant was born. Such a predidégecannot, however, specifically
identify that the individual will develop the dis=a

Future innovations in genetic testing

Based on the use of the new genetic technologeesral major pharmaceutical and
biotechnology companiésre promoting the concept of ‘predictive mediciog’
‘predisposition profiling’. This is the use of geietests to predict the chances that an
individual will develop a serious iliness (e.g. can mental illness, heart disease).

A positive aspect of using this information is oiifg advice on lifestyle changes
which may offset the physiological impacts of thmarmal gene—i.e. shifting the
emphasis of mediciidrom ‘diagnosis and treatment’ to ‘disease prédicand
prevention’. However, concerns arise regardingugeeof the information.

For example, pharmaceutical companies may notggilythe genetic testing kits but
also manufacture the drugs for treating thosegtt hisk, or supply special dietary
supplements when testing for ‘nutrition genes’.

Medication may be given to otherwise healthy peagie may never develop the
disease thereby changing the resourcing strucfuredealth system, and
information may be given to people who will wormgnecessarily or seek treatment
for a health problem which may never occur. It pkagery personalised information
into the broader community-raising issues relatimgenetic identity, employment,
insurancd paternity, and forensic use.

Generally, the assumption has been that genetingesould occur in a medical
context. However, recent developments in the Urtedyjdom and the USA (where
the availability of ‘over-the-counter’ genetic tegixist in an unregulated
environment) have raised major issues relating to:

Quiality and reliability of information,

Interpretation of information,

Entitlement of ‘not-to-know’ in other family memlser

Unexpected information,

Testing for genes with social implications,

Security of individual DNA and intellectual propgrights,

Role of informed consent, and

The perceptions of society at large on identifyimgjviduals with potential
genetic disease.

Horizon scanning for unregulated practice

Although this is a relatively new area of applieghlth biotechnology, the transition
from the disease gene identification process a@drthrketing of a diagnostic test will
be rapid.
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There are at least 10 multinational companies phanto sell genetic testing kits,
which include Abbott, Bayer, Johnson and Johnsod,Roche. All of these and their
related companies have links or agreements wildaat 17 gene discovery companies
who are searching for patentable gene productatarfdom abnormal gene function
(www.forbes.com

Currently companies are selling personalised gemesting over the Internet with
services being offered for cancer susceptibilityege(‘The best time to beat cancer is
before you ever get it-www.myriadtests.com nutrition-related genes
(www.scicona.cor)) paternity, maternity, immigration testing, arehgology
(www.genetrack.coi and home paternity testing\{yw.dna-worldwide.com

More recently, a new DNA test has been offerecheniK and USA for fetal sex
testing at 6 weeks gestation as well as gene pofibr diseases with Mendelian
inheritance patterns in at-risk groups such as Asaki Jews (“Ashkenazi kits"—
www.elugicene.com

Conclusion

Direct-to-consumer genetic testiig a new and rapidly emerging area both for
health-related and non-health related applicatismsch moves the traditional
concept of testing from health providers to thevitiial and a third party. This raises
significant issues relating to accuracy and religbof the testing services
information, the competency of the genetic tespirayider, the interpretation and
reporting of the results to an individual or familyith little or no support or skills to
interpret the information), and the loss of genptigacy—all of which could have
significant impacts on major life decisions.

Whether obtaining such results will provide bersefiit the individual is still not
known, but we believe that is there is potentialdignificant societal impacts
resulting from the use of unregulated personal getesting technologies. The
creation of a new social group of the ‘at-risk wehe requirement for health
professionals to understand and communicate thikcatipns of the ‘new
knowledge’; and the demands that might be placechedical practitioner
consultations and use of the diagnostic servic#sngrease as more genetic
information becomes available and disease linkagesnade with specific genes.

Rabinow (1999) predicted of this time of rapidipcreasing personal genetic
knowledges as the age of biosociality in whichrtiast minute of social interchanges
will be governed by our biological identities ameir associated risk benefits. Rose
and Novas (2005) talk of it as ‘biological citiz&ifs.’

Many of the genes may ultimately have significardial implications—such as genes
associated with mental illness, alcohol suscefgybind infectious diseases such as
HIV and hepatitis—thus creating the potential tog tncreasing misuse of this
genetic information.

These dramatic societal impacts of this style ofegie testing suggest that empirical
research in New Zealand should be undertaken b#im@ew area of applied health
biotechnology becomes embedded into public practice
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British Medical Association (New Zealand Branch)
Twelfth Annual Report

Published in N Z Med J 1908;6(25).

Since presenting the last annual report, 52 new lmeesrhave been added to our roll.
This is the largest increase in any one year.

It is with the deepest regret that your Councda#ied upon to record the death of Sir
James Hector, who has been an honorary membee &rtinch since its inception;
and of Dr. W. A. Logan, one of our most active mensbThe late Sir James Hector’'s
work in the field of science is well known to evengember of the Branch, and it is
gratifying to note that steps are being taken tal#ish a fitting memorial. Dr. Logan
has for several years represented the Otago Divaicthe Council, and the Branch
as a whole has profitted by the keen interest Bealvaays shown in its welfare. By
his death the profession in New Zealand sustasevare loss.

FRIENDLY SOCIETIES.—On 18th. June last a Conferewes held between your
Council and delegates representing the FriendlyeBes of New Zealand, a full
report of which has already been circulated -inSbopplement to the N.Z. Medical
Journal of July, 1907. The resolutions arrivedyatie Conference have since been
submitted to the several Divisions of the Brangtd are in the main approved. The
Divisions, however, agree that an income limit dtddoe insisted on, and that
decision has been conveyed to the Colonial Exeewtithe Friendly Societies. The
reply of the Colonial Executive has not yet coméaad.

REGISTRATION.—The annual general meeting in Mam@s$t decided by a large
majority against the proposal to register underé‘Unclassified Societies’
Registration Act,” the feeling of the meeting bethgt the proposed Royal Charter
would give to the Branch and its Divisions the itlgghey desired in the management
of their own affairs.

BRANCH RULES.—The new Branch Rules as passed bgpeeial general meeting
held in November, 1906, and adopted by your Couhaie in the main been
approved by the Central (Council. The rule, “anrawddscription,” is held over
pending application for Royal Charter.

A capitation of 7/- per member on subscriptionsi®07 has been paid to the several
Divisions, and as the expenses of the annual ngeatannow defrayed by the Branch,
the position of the Divisions financially has bemmsiderably strengthened.

N.Z. MEDICAL JOURNAL.—The Journal has been publidhegularly each quarter,
and though the Editor has still to regret a gooaymaisprints, the number of these is
steadily decreasing; the printer has had consiteedifficulty in getting efficient
typesetters at times. There has been no lack @rpdpr publication during the past
year, but the usual annual meeting not being Heddyear the Editor anticipates some
lack of material for the coming numbers, and edpé®pes that members will send
for publication the papers which they would havedraad there been the usual
meeting. The financial position of the Journal cwms satisfactory.
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The special attention of members is again callddednstruction from Head Office,
London, that all Branch subscriptions are to béecteéd in New Zealand. Those who
have not paid are asked to send their chequeg Bridmch Secretary, P.O. Box 156,
Wellington.

Your Council desires to thank the Government, tlenddvatu Railway Co. and the
U.S.S. Co. for concessions to travelling members.

The attention of members is directed to the repufrtee N.Z. Defence Union and
Medical Benevolent Funds.

NZMJ Note: Read more about Sir James Hector at
http://www.teara.govt.nz/1966/H/HectorSirJames/ldesirJames/en
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Proceedings of the 188th Scientific Meeting of th@tago
Medical School Research Society, Thursday 5 July Q@

Pathogenicity of a missense mutation iALDH18A1, encoding *-pyrroline-5-
carboxylate synthase (P5CS) in a consanguineous K&hily. L Bicknell %,

A Sutherland-Smith?, J Pitt], M Maw*, R Ramadas, S Aftimos’, S Robertsori.
'Department of Paediatrics and Child Health, Univerity of Otago, Dunedin,
%|nstitute of Molecular BioSciences, Massey Universi, Palmerston North,
3Genetic Health Services Victoria, Murdoch Childrens Research Institute,
Royal Children's Hospital, Melbourne, Australia, “Department of Biochemistry,
Otago School of Medical Sciences, University of Oga, Dunedin,”Whakatane
Hospital, Whakatane, ®Northern Regional Genetics Service, Auckland Hosp,
Auckland.

To investigate genetic contributors to congenattj dislocation, we have
characterised a consanguineous family segregatimgitbsomal recessive connective
tissue disorder (lax skin and joints) with neuratadabnormalities.

We performed a 400-microsatellite genome screeeadhypothesis of
homozygosity for a common ancestral disease alldldtipoint linkage analysis
identified a 50 cM region at 10923.1-23.4 with alp&garithm of odds (LOD) score
of Z = 2.99. Fine mapping refined this to a 14 Mitical region which demonstrated
homozygosity by descent exclusively in affectedvitibals with a maximal LOD of
Z = 3.63. Eighty-five genes within this interval ieegorioritised for disease gene
candidacy. One gen®.DH18A1, encoding *-pyrroline-5-carboxylate synthase
(P5CS), was focused on since a missense mutatuseggprogressive
neurodegeneration, joint dislocations, lax skin amelabolic derangement in a
consanguineous Algerian family. SequencindbDH18A1lin an affected individual
identified the transition, 2350C>T, predicting théstitution H784Y. Comparative
sequence analysis showed H784 is conserved adtpég/la within a novel C-
terminal tail motif.

P5CS is a bifunctional enzyme that converts glutart@aproline and ornithine
upstream of the urea cycle. Proline, a major ctuesti of connective tissue, has also
been implicated in neurotransmission. Therefor@aimed synthesis could lead to
abnormal joint, skin and brain development. Howgewevivo enzymatic assays we
performed suggest proline biosynthesis is not peet, correlating with the normal
metabolic profiles found in affected individuals pArtial P5CS crystal structure is
available and hints towards roles for H784 in P®iGBerisation and modulation of an
active site cleft. Moonlighting roles (i.e. the é&wonary adoption of an unrelated
function by an enzyme) exist for other metabolizyanes. P5CS may therefore
possess additional uncharacterised functions. ab@pgenic effect of H784Y on
P5CS suggests novel roles for the C-terminal donmalitbCS stability or function
within the cell.

Supported by a University of Otago PhD Scholargimg a University of Otago
Research Grant.
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Distribution of fibroblast growth factor-2 within e xcisional wounds following
topical application in rats. R Braund, N Medlicott, S Hook. School of Pharmacy,
University of Otago, Dunedin.

Chronic wounds may in part result from a deficiencgrucial growth factors. To
compensate for this deficiency the topical appicabof growth factors has been
studied. Fibroblast growth factor 2 (FGF-2, or bd3tF) has been well studied for
this purpose. The aim was to determine the conagortr profiles of this growth
factor within experimental wounds following topi@dministration in different
formulations.

A dosage of 0.3.g FGF-2 was incorporated into three formulatie@ution, gel or
dried gel film on Melolin™ backing). FGF-2 formulans or PBS was administered
to punch biopsy wounds in rats (6 animals per gréatpl n = 72). At two, five or
eight hours, the animals from each group were @igkd by CQinhalation and
cervical dislocation. Wound tissue was dissectazbotally to surface granulation,
subcutaneous fat, superficial muscle and deep mlesptrs and the amount of FGF-2
at various wound depths was quantified via ELIS&stlie FGF-2 concentrations
were compared using a repeated measures ANOVA {@indersion 14.1).

The highest concentrations of FGF-2 were seendrstinface granulation tissue of
rats two hours after receiving the solution forntiola (2275 + 787 pg/g; mean + SD,
> 1000 pg/g higher than control levels). Concerdrat decreased with increasing
tissue depth and were significantly greater th@RBS control in the surface
granulation and subcutaneous fat lay@s (0.05, ANOVA). There was a statistically
significant difference in the mean FGF-2 levelswispect to formulation and time
following application of the formulatiorP(< 0.05, ANOVA).

In conclusion, elevated FGF-2 could be measuredirerficial wound tissues up to
eight hours post-application of a solution. Howewagplication of a comparable
amount (0.3ug FGF-2) in hypromellose gels or films did notegappreciable
elevation of FGF-2 in wound tissues.

Supported by a University of Otago Research Grant.

Cell-wide homeostatic regulation of long-term potetiation by prior synaptic
activity. S Hulme, W Abraham. Department of Psychabgy, University of Otago,
Dunedin.

It has been suggested that homeostatic regulatisynaptic plasticity is required to
maintain the overall strength of synaptic inputs tcell within a dynamic range. This
has been implemented in the Bienenstock, CoopeMamio (BCM) computational
model byqgy, a cell-wide threshold for long-term potentiati@TP) that is modulated
by previous levels of postsynaptic cell firing. Tdien of this research was to test the
predictions of the model regarding for hippocampal LTP.

Field excitatory postsynaptic potentials (fEPSPsjenrecorded in response to
stimulation of the Schaffer collaterals in area GAhcute hippocampal slices from
6-7-week-old male Sprague-Dawley rats. Priming slation of one pathway
significantly reduced the level of LTP induced 3bater by 100 Hz stimulation of
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a second (heterosynaptic) pathway (mean £ SEM,3%:n = 6 P < 0.05, unpaired
t-test) compared with control LTP (27 + 5%, n =I8)accord with predictions of the
BCM model of cell-wide changes au, priming stimulation of synapses on the
basilar dendrites significantly inhibited LTP inducat synapses on the apical
dendrites (16 + 4%, n = €,< 0.05) compared with control LTP (30 = 3%, n = 6)
Contrary to the predicted role of cell-firing inarfges ofjy, hyperpolarising cells (by
direct current injection) during priming to com@t prevent somatic action
potentials, did not prevent the priming effect @@ohLTP: 40 £ 10%, n = 5; primed
LTP: -6 + 6%, n = 5P < 0.05).

These results confirm that synaptic plasticityosneostatically regulated by the cell-
wide history of activity. However, postsynapticldeing does not mediate this
regulatory process.

Supported by a University of Otago PhD Scholargmd the Health Research
Council of New Zealand.

Mitochondrial redox-active species participate in he modulation of nuclear gene
expression. R Jarvis, E Ledgerwood. Department ofiBchemistry, Otago School
of Medical Sciences, University of Otago, Dunedin.

Tumour necrosis facta-(TNFa) is an important pro-inflammatory cytokine that is
released from activated immune cells. An importzant of the TNR& response is
modulation of gene expression, predominantly videar factorkB (NF-kB) and
activator protein-1 (AP1) transcription factorsv8el key TNR responses have
been linked to the intracellular accumulation afae-active species (RAS). A major
source of intracellular RAS is the mitochondriadpiatory chain. We have found that
a mitochondrially targeted antioxidant delays BNIRduced transcription factor
activation. In the current study we have invesgdathether mitochondrial RAS
participate in TNE-induced gene expression.

The human monocyte-like leukaemic U937 cell linesswaed as a model system to
investigate TNB-induced redox-mediated gene expression by micagamnalysis.
Total RNA was isolated from U937 cells treated vaitiher 5 ng/mL human TNE 2
nmM mitoE (a mitochondrially targeted version of wite E), or a combination of both
for 45 and 120 min. Total RNA was reverse transatito cDNA with poly-dT
anchored oligo primers and applied to human 208oodirrays as biological
triplicates.

MitoE was found to repress the TAHinduced expression of a subset of genes by
approximately 50%, includinghibitory &B-a (IkBa), inhibitory AB-z (1IkBz),
monocyte chemoattractant proteifdlCP-1) andnanganous superoxide dismutase
(MnSOD), which are known targets of N¥B. MitoE was also found to repress the
basal expression of a small number of genes byfdldy-including MCP-1. gRT-PCR
or western blotting has confirmed the effect ofaion TNF-induced and basal
expression of MCP-1kBa and MnSOD.

This study suggests that TBifinduced RAS production from the mitochondria
contributes to the induction of NEB-mediated gene expression, and that RAS from
the mitochondria help maintain gene expressiorstimg cells. These findings lend
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weight to the emerging idea that strict modulatdmtracellular RAS levels is an
important element of cellular signalling.

Supported by a University of Otago PhD Scholarsimnd the Otago Medical
Research Foundation.

Mechanisms by which the copper metabolism gene MURRdomain 1
(COMMD1) protein down-regulates human epithelial saium channel activity.
Y Ke, T Chang, F McDonald. Department of PhysiologyOtago School of
Medical Sciences, University of Otago, Dunedin.

The epithelial sodium channel (ENaC) is locatethatapical membrane of polarised
epithelia and mediates transport of sodium ions @ells. Tight control of ENaC
function is essential for maintaining sodium honasis, blood volume and pressure.
Controlling the number of active channels presétheacell surface is important for
regulating ENaC activity. The neural precursor eglressed, developmentally
downregulated gene 4 (Nedd4) family of proteing.(Bledd4-2) ubiquitinate ENaC
and decrease its cell surface expression. ThetgabivNedd4-2 is modulated by
serum and glucocorticoid regulated kinase 1 (SGWh)ch phosphorylates Nedd4-2
and increases cell surface expression of ENaC. CONMM a recently identified
ENaC binding partner, and negative regulator ohaehactivity. Other studies
suggest that COMMDL is also involved in intracedluprotein trafficking and
ubiquitin-dependent protein degradation. In thigiget we aim to characterise the
interaction between ENaC and COMMD1, and identiy inechanism(s) by which
COMMD1 down-regulates ENaC activity.

Glutathione S-transferase (GST) pull-down and coumaprecipitation assays were
used to identify the binding interface between CODIMand ENaC. Cell surface
biotinylation and ENaC ubiquitination assays wesgeloped to investigate if
COMMD1 affects the cell surface expression and itination of ENaC respectively.

The results showed that the conserved C-termindi@omain in COMMD1 is
essential for binding to ENaC. The binding site@®MMD1 inbENaC was located
at its N-terminal domain. COMMD1 down-regulated ENay increasing ubiquitin
modification of ENaC and removing ENaC from thd salface. COMMD1 also
bound to SGK1 and prevented Nedd4-2 mediated datjoadof SGK1.

It is suggested that COMMD1 might affect the int#i@n between SGK1 and Nedd4-
2 and this pathway is likely to be involved in B®MMD1-mediated ubiquitination
and down-regulation of ENaC activity.

Supported by the Marsden Fund and a Universitytafy® Research Grant.

The orf virus protein ORFV125 acts in a Bcl-2-likemanner to inhibit apoptosis.
D Westphal', E Ledgerwood, S Fleming!, A Mercer*. ‘Department of
Microbiology and Immunology, “Department of Biochemistry, Otago School of
Medical Sciences, University of Otago, Dunedin.

Apoptosis is one of the host cell’s responsessifigiht against virus infection.
Therefore, many viruses have developed strategiesdumvent apoptosis; one of
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these includes the expression of Bcl-2 homologs. Btl-2 family of proteins are
regulators of the mitochondrial pathway of apoggokihas been proposed that the
pro-apoptotic family members are activated by wasiapoptotic signals and
thereupon induce mitochondrial apoptosis, whileaht-apoptotic family members
prevent this process by inhibiting the activitytloéir pro-apoptotic counterparts. We
have shown that orf virus can express an inhilmt@poptosis, ORFV125, which
shows some similarities to the cellular anti-aptptprotein Bcl-2. However, the
mechanism by which ORFV125 inhibits apoptosisilswgtknown. The present study
investigates whether ORFV125 inhibits the activatd the pro-apoptotic Bcl-2
proteins Bax and Bak.

TK143B cells stably expressing either ORFV125, Bdr the empty-vector were
incubated with 50 uM caspase inhibitor (Z-VAD-FMKdded 1 h before UV-C
treatment (80 J/A). Eight hours after UV irradiation cells were s with anti-Bax
or -Bak antibodies and visualised by fluorescenaaoacopy. The antibodies used
recognise an N-terminal epitope, which is exposdyg when the proteins are
activated by an apoptotic stimulus. While the emmgtor cell line showed a
substantial number of cells expressing active B&xt(3%, mearkt SD, n = 3),
almost no active Bax was detected in cells expngssither ORFV125 (0.6 0.1%,P
< 0.001, ANOVA multiple comparison test) or Bcl-2# 0.6%,P < 0.001). A similar
result was obtained for the activation of Bak, simgithat ORFV125 can fully inhibit
the activation of both proteins in a manner comiplaravith Bcl-2.

These results suggest that ORFV125 acts in a Hikk2nanner, and supports our
predictions that ORFV125 may be a distant membéneBcl-2 family.

Supported by a University of Otago PhD Scholargmg the Health Research
Council of New Zealand.

Multiple effects of estrogen on intracellular calaum levels in adult gonadotropin-
releasing hormone neurons. N Romano, C Jasoni, A iHason. Department of
Physiology, Otago School of Medical Sciences, Unigéy of Otago, Dunedin.

Gonadotropin-releasing hormone (GnRH) neuronste@tincipal regulators of
reproductive function and are strongly modulateesiyogen (B. In addition to
transcriptional effects of f-rapid non-transcriptional actions of Eave also been
demonstrated to occur in GNRH neurons. The airhisfstudy was to evaluate the
rapid effects of Eon intracellular calcium concentration (fC in adult GnRH
neurons.

Calcium imaging experiments were undertaken usindgesbrain slices from
transgenic mice (n = 68) in which the geneticalhg@led calcium indicator
ratiometric-pericam is expressed selectively in @nfeurons. GnRH neurons were
tested with: (1) 1-100 nMEboth in pericam and pericam x estrogen recept@R-

b) knockout mice; (2) the selective EERagonist3,17-dihydroxy-19-nor-15-pregna-
1,3,5(10)-triene-21,186-lactone (1@-LE;) and (3) a membrane-impermeable, bovine
serum albumin conjugate of EE,-6-BSA).

In 13 of 27 GnRH neurons exhibiting low frequenpgpistaneous [C4]; transients,
treatment with 100 nM Encreased the frequency of the transieRts 0.001, one-
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way ANOVA, Tukey post-hoc test); lower doses weok effective. In 9 of 11 GnRH
neurons showing high frequency spontaneouéJCsansients, 1 nM Esignificantly
reduced the frequency of the transiefs(0.01, one-way ANOVA, Tukey post-hoc
test). ERb knockout mice did not respond te dfferently to wild-type mice (n = 16,
two-way ANOVA). Ten of 20 silent neurons were stiated by 100 nM 18-LE>.
E,-6-BSA reproduced the inhibitory (1 nM, n = 3), Imatt the stimulatory (100 nM, n
= 6) effect of k.

In summary, these results show thapEbduces two opposite effects on {Gaa
stimulatory effect mediated by E®&-and an inhibitory effect mediated by a
membrane receptor. These data provide eviden@vouf of the rapid control of
adult GnRH neurons by,EThis might be involved in generating the pulsasittivity
of the GnRH system.

Supported by a University of Otago PhD Scholarstmg the Wellcome Trust.

Altered muscle activation during a weight-bearing ask following hamstring
injuries. G Solé', A Gray?, S Milosavljevic', H Nicholsor?, SJ Sullivart. *Centre
for Physiotherapy Research, School of Physiotherap§Department of Preventive
and Social Medicine, Dunedin School of MedicinéDepartment of Anatomy and
Structural Biology, Otago School of Medical Scieneg University of Otago,
Dunedin.

Altered electromyographic (EMG) patterns of trugkiteal and thigh muscles have
been found in groups of subjects with lumbopelvikmee disorders and their
presence may contribute towards injury prolongatiorecurrenceThis study aimed
to investigate whether differences in EMG patterhselected muscles exist when
comparing subjects with a recent hamstring injiitl) @nd control subjects during a
weight-bearing task.

Sixteensportsmerwith a recent clinically diagnosed HI were compatiedn

uninjured control group (CG) of 18 men. Surface E&tBvity was recorded from the
gluteus maximus, gluteus medius, biceps femorig,(Biedial hamstring (MH), and
the quadriceps muscles of the weight-bearing lemduwontralateral hip flexion.
Muscle onsets were expressed relative to theaténe anticipatory postural
adjustments seen in force platform data.

There were no significant differences for muscleats for the injured versus
uninjured sides (HI group) and the preferred versuspreferred sides (C®,>
0.05, paired-tests). In the HI group, onsets of BF and MH & ithjured side, and
onsets of MH of the uninjured side, were signifitaearlier when compared to the
CG bilateral average (mean difference + SEM, iuB& 208.1 £ 75.0 m& < 0.01;
injured MH 114.0 + 44.5 m#$, < 0.02, uninjured MH 103.3 £ 49.3 ms, P < 0.05,
ANCOVA controlling for age and activity level). Treewere no between-group
differences for the gluteal and quadriceps musmtegts, and the uninjured BF.

The earlier onset of the hamstring muscles in pedjan for single leg stance of the
injured and uninjured leg of the HI group in comgpan to the bilateral average of the
CG suggests an alteration in the motor controhesé muscles. These changes may
be an important factor to be considered in thebi#itetion of hamstring injuries.
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Poxvirus ankyrin repeat proteins represent a novetlass of F-box proteins that
associate with functional cellular ubiquitination ligases. S Sonnberg, S Fleming,
A Mercer. Department of Microbiology and Immunology, Otago School of
Medical Sciences, University of Otago, Dunedin.

The ankyrin repeat is a commonly observed motif thediates interactions between
cellular proteins. Almost all chordopoxviruses emeonultiple ankyrin repeat
proteins of unknown function. We have identifiedaential F-box-like domain at the
C-terminus of most poxviral ankyrin repeat protei@sllular F-box proteins function
as adaptors in the multisubunit ubiquitin ligasplase kinase associated protein 1
(Skpl), Cullinl (Cull), F-box protein (SCF1) compld the ubiquitin-proteasome
system. F-box proteins recruit substrate proterteeé SCF1 complex for
polyubiquitination and proteasomal degradation. ihteraction between F-box
proteins and the SCF1 component Skpl is mediatédeblf-box domain. We tested
the five ankyrin proteins of the parapoxvirus QOrlg for their ability to interact with
Skpl.

Co-immunoprecipitation was used to determine ptessitberactions of the five Orf
virus ankyrin repeat proteins with the SCF1 commts&kpl, Cull, and (Ring-box
1) Rbx1. Each of the orf virus proteins was trantfyjeexpressed in human embryonic
kidney 293 cells and then immunoprecipitated. Tdrages were analyzed by
western blotting showing that each orf virus ankytotein co-precipitated
endogenous Skpl, Cull and Rbx1. An F-box deletomsituct of one orf virus
ankyrin/F-box protein did not co-precipitate anyFCGomponents demonstrating
that the interaction of the full-length proteirFisox-dependent. The co-precipitated
SCF1 complexes retained their intrinsic activityamin vitro non-specific poly-
ubiquitination assay.

The results indicate that the large class of pakwankyrin proteins function as F-box
proteins. The extensive number of poxviral ankyibhbx proteins suggests cellular
proteins from multiple pathways could be targefdtkse poxviral F-box proteins
could target the cellular anti-viral response dreotcellular physiological processes
whose manipulation could enhance viral survival eeglication.

Supported by a University of Otago PhD Scholarsind the Health Research
Council of New Zealand.

Generic medicines and their use: Perceptions of StiuAfrican consumers. A
Patel', P Norris', R Gauld?. *School of Pharmacy?Department of Preventive and
Social Medicine, Dunedin School of Medicine, Univaity of Otago, Dunedin.

Many developing countries have introduced poligiesouraging the use of generic
medicines in order to improve access to affordabkential medicines. Successful
implementation of these policies requires accemdnycall stakeholders, including
the consumer. The present, qualitative, study egpl8outh African consumers’
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perceptions regarding generic medicines and thgact on their medicine
purchasing behaviour.

Data were collected through focus group discussiors12 groups) conducted in
three cities within South Africa during Decembef2Qo January 2006. Key
informants were purposively sampled according &irthocio-economic status. Key
informants recruited other participants throughveloall sampling, yielding a total of
72 participants. During the discussions participamtre asked whether they would
select between brands of paracetamol (i.e. Panado&yator brand; PacimolR,
generic) to treat a headache. A second scenarniregithem to select between
brands of amoxicillin (i.e. AmoxilR, innovator brdnMoxypenR, generic) for
treatment of an infection. Discussions were tapenged and transcribed. Content
analysis of the transcriptions was undertaken byfitst author and reviewed jointly
by the research team for confirmation.

Across all income and age groups, participanttadethe original paracetamol for
their headache. For amoxicillin, participants rlaen the prescriber to decide which
product to use. They agreed with generic substityprovided the prescriber
supported this. Participants felt that cheaper gempeoducts were of inferior quality.
They reported they would pay higher prices to ebthe original medicines to treat
their minor ailments, and that they would rely ba advice of their doctor and
pharmacist for the prescription medicines.

Governments have to ensure that adequate informedimpaigns, which target
consumers and healthcare providers, accompany ingpition of policies for
generic medicines. This is needed to achieve sac¢odke overall goal of improving
access to affordable, quality medicines.
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Dense bones and brain stones
Suresh Prabhu, Jubbin J Jacob, Nihal Thomas

A 4-year-old boy presented with delay in developtakemilestones and aggressive
behaviour. An axial CT scan of the brain was ddngure 1).

Subsequent evaluation revealed normal serum calandninorganic phosphorus
values with an elevated serum alkaline phosphatisarterial blood gas analysis
was suggestive of metabolic acidosis with aniomig gf minus 15.1.

His skeletal X-rays were done (Figures 2 and 3).

What is your diagnosis?

NZMJ 21 September 2007, Vol 120 No 1262 Page 82 of 94
URL: http://www.nzma.org.nz/journal/120-1262/2731/ © NZMA



Diagnosis

The axial CT scan of the brain (Figure 1) showssdealcification (brain stones) in
the region of the basal ganglia and cerebral cortex

Dense bones characteristic of osteopetrosis (Fsgiend 3) are seen in the skeletal
and skull X-rays. Investigation in this patient ldmtumented metabolic acidosis
suggesting a renal tubular defect.

The triad of cerebral calcification, renal tubuwaidosis, and dense bone is seen in
carbonic anhydrase-1l (CA-II) deficiency

Discussion

CA-Il deficiency is an autosomal recessive disoidevhich CA-1l enzyme activity is
lost. This enzyme activity is necessary for ostastemediated bone resorption.
Skeletal disease in CA-Il deficiency resembles otbens of osteopetrosis and may
in some cases be associated with multiple pathcabfiactures.

Mental subnormality of variable severity is presentver 90% of patients. Cerebral
calcifications appear early by 2 to 5 years of aigg are more pronounced in
childhood.

In the kidney, this enzyme is necessary for bicaab® reclamation. Patient with CA-
Il deficiency present with metabolic acidosis amghturine pH. Hyperchloraemic
metabolic acidosis may be noted at birth and inespatients can be profound.

There is no established medical treatment for Céeficiency. Bone marrow
transplantation from a human leukocyte antigen (Hld&ntical donor is an accepted
treatment for the malignant form of osteopetrosis.

Author information: Suresh Prabhu, Senior Registrar; Jubbin J Jacob,
Senior Registrar; Nihal Thomas, Consultant; Depantinof Endocrinology,
Christian Medical College and Hospital, VellorepmiiBNadu, India
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Osteolytic jaw lesion in metastatic breast cancemnot always
metastases

IAaki Alvarez-Busto, Luis Martinez-Moya, Rodrigodtea, Javier Alcedo,
Damaris Quiles, Antonio Lobo-Escolar, Carlos Vazudiguel Burillo,
Carla Toyas-Miazza, Rosario Ortas-Nadal

A 64-year-old woman with a personal history of Istezarcinoma and multiple bone
metastases to the skull, sternum, and sacrum eaeth with an aromatase inhibitor.
Due to her bone pain, we started intravenous zofediacid therapy in December
2004: 4 mg was administered every 28 days. Thewamsuccessfully controlled a
few months later, and she ceased taking analgesics.

During this treatment period she didn’t have anmpbcations related to the bone
metastases. However, after 16 drug infusions, sheutted us in October 2006
because of pain at the left lower jawbone.

The CT scan (Figure 1) showed an osteolytic legitbh central and peripheral areas
of bone sclerosis. The gammagraphic study (Figurex&aled an intense
hypercaptation at the left jaw in addition to tkmbwn at the skull and spinal column.

Figure 1 Figure 2

What is the diagnosis?
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Diagnosis and Discussion

The diagnosis wagsteonecrosis of the ja@NJ) due to the intravenous
biphosphonate treatment—as confirmed after surgicatesis.

Accumulating evidence reveals that bisphosphoretiepy has a significant effect in
preventing skeletal complications in a variety ahcers, and in preventing bone loss
resulting from cancer or its therapy. The majokgief bisphosphonate therapy
include nephrotoxicity, electrolyte abnormalitiasd ONJ:

The incidence of ONJ in this population (breastceaupatients receiving intravenous
biphosphonates) is almost 2.5%lowever, with increased recognition of the
condition, longer exposure to bisphosphonates naoré follow-up, the reported
incidence is likely to increase.

Management of ONJ is controversial since thereisffective treatment; the most
recommended strategy is to simply stop the adnmatieh of bisphosphonates,
although improvements in the osteonecrosis mapeatbserved with drug
discontinuation as measurable levels of bisphospiesmmay persist in bone for up to
12 years after cessation of therdpy.

Surgical treatment is usually reserved for refractases such as the present one. At
present, the treatment modality of choice may kadémoval of only symptomatic
boney sequestra with minimal disturbance of ovad\soft tissues along with topical
and systemic antibiotics.

Our patient has minimal residual jaw pain 1 ye&srahe surgical procedure and
cessation of the bisphosphonates.
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Modernising Medical Careers (MMC) in the UK—a debade—are the
royal colleges at fault?

Attempts to modernise postgraduate medical traimrige United Kingdom have
been a spectacular failure. In particular the @@t of the Medical Training
Application Service (MTAS) resulted in mass demmpatgins by junior doctors.
Justifiably it seems because of the failure of mpoterised system to process job
applications of some 30,000 for 22,000 positions.

A spin-off for us is an influx of UK graduates tolbter our ailing hospital staffing
situation. However, as reported in BB1J, some believe that both the British
Medical Association (BMA) and the royal collegestlee young doctors down.

In particular “the question the royal colleges hawvanswer is how and why they
became complicit in a system for postgraduate dducthat meant they had no
influence on MTAS until it was too late.”

The chairman of BMA resigned over the issue.
BMJ 2007;334:724

Aspirin dose for the prevention of cardiovascular tsease—Ilow dose
IS best

Placebo-controlled trials to confirm the benefitaspirin in the treatment and
prevention of atherosclerotic disease complicatlmage used dosages ranging from
50 mg to 1300 mg/d. So what is the best dose arydsvihbest?

The authors of this paper did a systematic reviethe English-language literature on
this topic and have come up with an unequivocalmenendation that dosages
greater than 75 to 81 mg/d do not enhance efficahgreas larger doses are
associated with an increased incidence of bleegegts, primarily related to
gastrointestinal tract toxicity.

| think that we could settle for 200 mg daily iniW&ealand.
JAMA 2007;297:2018-24

Antiplatelet agents for prevention of pre-eclampsia—more good news
about low-dose aspirin

Pre-eclampsia is a multisystem disorder of pregn#mat is usually associated with
hypertension and proteinuria and may lead to fiskghe baby including poor
intrauterine growth and premature birth. The caafg@e-eclampsia remains unclear
but antiplatelet agents (particularly low-dose espmay prevent or delay it.

This meta-analysis of 31 randomised trials confithad antiplatelet agents during
pregnancy are associated with moderate but consigeéuctions in the relative risk
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of pre-eclampsia, of birth before 34 weeks’ gestatand of having a pregnancy with
a serious adverse outcome.
Lancet 2007;369:1791-8

Tonsillectomy and adenoidectomy

In the not too distant past these operations wesggarded as routine for the under 5
year old. Tonsillectomy is no longer so popularWwhat about adenoidectomy?

In this review article, the authors examine thalemce and conclude that
adenoidectomy alone improves nasal airflow andsérese of smell and taste. Growth
after adenoidectomy may in part be due to an imgat@ppetite associated with the
improvement in smell and taste.

And as part of the surgical management of gluenesare watchful waiting has failed
and the child is over three years of age, adentwdgcwith grommet surgery appears
to be more effective than adenoidectomy alone.

Finally, adenoidectomy appears to be effectiveaasqf the management of
childhood sleep apnoea syndrome, when combinedtaiitsillectomy, although high-
level evidence of efficacy is lacking.

The Journal of Laryngology and Otology 2007;121:2D9

Human pheromone responses—sex and the nose

In this very interesting paper it is pointed oudttthe olfactory neurones and the
limbic system are phylogenetically very ‘old’ paftthe mammalian brain that
governs emotions and behaviours, such as aggre$sarsror mating responses.

Pheromones, being chemical messengers relategrimdrection, are sensed by
olfaction, hence the nose is or could be a sexugaro Apparently young babies can
identify, and are attracted to, both the axillang éhe breast odours of their own
mother but not of other mothers, and that thisoisbased upon memory of that odour.
Mothers too can recognise the odour or their owsyba

Furthermore, several studies have shown that wareefar better at odour detection
than men. It is biologically more important for aman to choose the correct mate
than a man, as women have a much larger parengdtiment; their better sense of
smell may reflect this.

So, what about perfumes, deodorants, and afterehav
J R Soc Med 2007;100:268-74
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A stroke rehabilitation unit 6 years on

In 2002, | reported on the first 6 months of a datéd stroke rehabilitation unit
(SRU) for older patientsLength of stay in hospital was shortened by a aredf 8.0
days, without compromising patient outcoriésowever with new initiatives, there is
always a danger that the initial enthusiasm dirhiggsover time. Furthermore there is
inevitably attrition of key staff either throughtirement or rotation to other clinical
areas, with the effect that some of the origin@rgy and/or vision is lost.

Consequently, efficiency gains previously made fmayeduced or even lost. |
wished to investigate whether the progress madetlyducing a SRU have been
sustained over time.

In Christchurch, patients with an acute strokeimiteally admitted to Christchurch
Hospital (CH) for their acute care. Older patigigisnerally 65+ years old) who need
ongoing inpatient rehabilitation are transferred ©ihe SRU based at The Princess
Margaret Hospital (TPMH). Approximately 45-50% difacute stroke patients
require this inpatient rehabilitatich.

Data from all patients admitted to the SRU overyeér period (2001-2006
inclusive) was collected prospectively. These @agafor those patients admitted to
SRU only, and so exclude the less severe stroktsth able to be discharged
directly from CH. Trends in numbers of patients &thd to the SRU, length of stay
(LOS), functional scores, and discharge domicileeweviewed.

During the study period, the numbers of patientaittdd annually to SRU rose from
186 to approximately 250 (Table 1). Mean LOS in GRU, and total LOS (CH and
TPMH combined) all showed a steady reduction oveet The age of the patients,
severity of stroke (as assessed by F#idore on admission), and FIM on discharge
did not alter.

Discharge domicile over the study period is showRigure 1 with the proportion of
patients returning to live in the community remagmbetween 50 and 60% of all SRU
patients.

These data confirms that the SRU has not only misiedl but improved its
performance. More patients are now admitted, witthwaer average LOS, whilst
patient outcomes are maintained. This has majogfiierior both patients and the
Canterbury District Health Board (DHB). Other recenitiatives have probably
impacted on these results. These include the dewedot of an acute stroke unit at
CH (opened October 20043nd more recently a pilot, community-based stroke
specific rehabilitation team (started March 2006yt to be expanded beyond pilot
phase).
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Table 1

Variables 2001 2002 2003 2004 2005 2006
N 186 224 231 210 267 254
Age (mean in years) 78.8 78.6 75.8 79.6 80.0 79.7
LOS CH (mean in days) 10.7 11.4 7.6 7.8 8.4 7.4

LOS SRU (mean in days) 34.1 37.0 31.8 31.6 28.0 28.3
LOS Total (mean in days) 447 48.2 39.0 39.0 35.8 35.4
Admission FIM (median) 67.0 74.5 71.0 62.0 65.0 69.0
Discharge FIM (median) 101.0 103.0 107.0 100.0 96.0 96.5

LOS=Length of stay; CH=Christchurch Hospital; SRU=EB¢r&ehabilitation Unit; FIM=Functional independence
measure (score).

Figure 1

Change in Domicile Trends 2001-6
for stroke patients admitted to SRU.
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Unfortunately despite local and international ewicks>°>~"many stroke patients in
New Zealand are still unable to benefit from subke unit caré:®

Stroke Units (SUs) are a win-win scenario for paseand DHBs. Therefore the
guestion needs to be asked “Why haven't all DHBstiged organised stroke
services, with SUs in all the medium to large DHBs?

National Stroke Awareness Week (10-16 Septembér)28@ timely reminder that
we can, and should, do better for all stroke p&ienNew Zealand.
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Ellison James Mclnnes

2 March 1923 — 16 January 2007
Dr Ellison James Mclnnes died after a long illness.

Ellison was born in Temuka and his
subsequent career in psychiatry was
strongly influenced by his general
practitioner father who enjoyed a close
relationship with his community. It was
enlightening to learn from Ellison that
matriculation in Latin was a prerequisite
for medical intermediate acceptance.

He was a Knox College Old Boy in
Dunedin between 1941 and 1948 and, as
was required at the time, in the Otago
University Medical Corp.

Officers were fifth-year medical students
and he wryly stated that the late Dr John
Dobson, psychiatrist, was his lieutenant,
who in later years, was his senior at
Ashburn Hall.

He was a house surgeon in Timaru Hospital whemtiaesthetic Boyle machine was
introduced. With the late Dr John McLeod, chestgitign, they had a few days of
training in Dunedin Hospital to be acquainted wite modern innovation and
subsequently responsible with a part-time gengeadtpioner/anaesthetist for
anaesthesia in Timaru Hospital. There is no queskiat Ellison’s appetite for
technology was whetted, whereupon he and his fomferGaye set off to England
in pursuit of his postgraduate studies.

On their return to Dunedin in 1961, he embarkedhugpmajor career change into
psychiatry under the tutelage of the late ProfeBemy Medlicott. Ellison modestly
makes light of his involvement during the infandyape of modern anaesthesiology
and psychiatry. His biological and pharmacologlmatkground would have equipped
him for his contributing partnership to the wellsthbed Ashburn Hall manual on
psychotropic medications much valued by generatdmaoctors.

He was subsequently recruited into public psychiasra Consultant and Deputy
Medical Superintendent of Cherry Farm Hospital, flelitsomewhat disillusioned by
the deinstitutionalisation process as he was notioced that patient care was
adequately safeguarded.

Ironically, when he became my Deputy Medical Sugendent at Sunnyside, we in
turn engaged in the final and major deinstitutigaion process when his
genuineness, compassion, and equanimity proved megsul to me over what could
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have been very turbulent years. His administragieerience was reassuring to me.
He was one of the very few psychiatrists who ergloyerking with long-stay patients
at a time when they received little specialistraite.

Following a brief retirement in 1987, he acceptaslihvitation to return to Sunnyside
Hospital as a locum psychiatrist until his finairement in 1991. This heralded a
very satisfying and settled period in his life whenmarried Mildred.

Ellison was an educated man in the true sensesofvtind. His interests included the
classics, genealogy, personal computers, the emaeat, historic places, birds and
forests, photography, bush walks, gardening, anddsea member of the Landrover
Club before the word 4WD was popularised. He wghlivalued for his many years
as a member and administrator of the Photograptees and for his membership of
the New Zealand Historic Places Trust and ForestBard.

He was philosophical, and true to character wastlyutourageous through his
terminal iliness and had the delight of carryingitHirst great-grandchild in June of
2006.

Notwithstanding the marital separation, Ellison wéective in his dedication to his
extended and blended family. He is survived by Gane Mildred, their children and
stepchildren, grandchildren, and a great-granddaugh

Dr Ellison James Mclnnes was formally a consultardesthetist in Melbourne in 1957 to 1960 and
Assistant Medical Director, Ashburn Hall, (Psychi@tDunedin 1961 to 1973. He was Acting Medical
Superintendent, Cherry Farm Hospital, 1980 to 1888, Deputy Medical Superintendent of
Sunnyside Hospital, 1984 to 1987. He was a locuyalpatrist at Sunnyside Hospital from 1988 to
1991.

Dr Ellison’s qualifications: MBChB from the Otagaiversity in 1949, DA(RACP, RACS) 1953,
MFARACS 1960, MANZCP 1968, FRANZCP 1998, and FANZ@A1992.

His publications include Medlicott and Mclnnes, Bsun Psychiatry, An Ashburn Hall Manual, 1971.

Dr Les Ding (Consultant Psychiatrist, Avenue Cotaswy, Christchurch) wrote this obituary.
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James (Jim) Frederick Moodie

Jim Moodie saw more war than most New Zealandertshé never ceased to be
affected by it.

After fighting through North Africa and Italy in Wil War 2,
. Moodie served in Malaya and Vietnam as a medidateot

His close friend, Bill Hunter, says Moodie almoswvar
mentioned war. However, he once explained the dvelwing
distress he felt on hearing the Viet Cong had stiuym
residents of the Vietnamese village of Bon Songerneh
Moodie had been based with New Zealand forces.

Moodie rose from the ranks to command a tank squreas a
major in World War 2. He received the Military Cso@/C)
for bravery at Mingar Qaim, in North Africa.

He retired from the army in 1972 with the rank eéutenant Colonel.

A doctor and cardiologist, Moodie served as phgsi@nd consultant at Ashburton
Hospital for 12 years. He moved to Christchurctdsifierdale War Veterans' Home a
year ago and died there recently. He was 90.

The good all-round sportsman, who also played parbukulele, was born in
Dunedin and attended Maori Hill School and Otagg®éligh School. He left at 17
to train as a teacher but joined the army soom aftée was declared in 1939. He was
selected for officer training and sent to Northiédrwith the 20th Battalion of
Infantry (which later became a tank regiment).

As a lieutenant, he was heavily involved in ac@mingar Qaim to halt the German
advance on Cairo. His courage in driving acrossi@oeintry to retrieve abandoned
German equipment brought him the MC, which waseresl to him later at Cassino
in Italy.

The New Zealanders became surrounded at Mingar @athstaged their famous
night-time breakout. Moodie spent some time in itaspecovering from wounds.

After the war, he studied medicine at Otago Uniwgrgraduating in 1951. He
married Barbara Aitken, of Dunedin, in 1952 and kearas a doctor in Nelson and
Christchurch before rejoining the army in 1956.tHken took his family to Scotland,
where he completed studies in his specialty ofiokgy.

Moodie was stationed at Burnham Camp until the goosted him as a medical
officer to Malaya from 1962 to 1964. The familydy in the Terendak Military

Camp, from which Moodie travelled with the troopsjongle patrols against
insurgents. He carried a heavy medical pack amth@dtd to the men's health needs in
the most difficult conditions.

On return from Malaya, he was awarded the MBE fsrskrvices. He continued with
the army, treating Territorial soldiers at Tekapo ®#ecoming Chief Medical Officer
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for the NZ armed forces. He went into active senagain, treating soldiers and
civilians at Bon Song Hospital during the VietnanaMfor 6 months in 1971.

Moodie left the army soon after serving in Vietnand spent the next 12 years at
Ashburton Hospital. His wife died in 1984 and heregl in 1986. He then found time
for his hobbies of golf, fishing, gardening, anavil. He indulged his passion for jazz
and wide-ranging reading. He revisited CassindHer50th and 60th anniversaries of
the battle and enjoyed sharing experiences witliagd, one of whom he hosted on a
tour of the South Island in 1997.

Bill Hunter says Moodie was "a man who did not likesit in the front, always in the
back. He did not like any smart alecs. He was #digtasshy person, though he had
lived a great life. He was a grand fellow."

Hunter says Moodie loved army life and kept in tougth army mates. However, his
only reference to the war was to comment, wherdpie of tanks arose, that they
were the workhorse of the war.

Moodie never told him he had won the MC, Hunterss&yhen Hunter, an interior
decorator, was asked to paint the Moodies' louhgdound a photo of his friend
wearing the medal. If he had not noticed it, he Mmever have known about the
award.

Moodie valued physical fithess and was a good gelfe got his handicap as low as
5. He was very methodical in golf, as in all thingde was Mr Steady. He never got
excited," Hunter says.

Moodie's daughter, Annabel, says her father wagéibly loyal” to family
members, friends, and military contemporaries. bi@ & great sense of humour but
also "upheld the fundamental principles of lifea{e'was extremely principled. He
stuck to his principles. He was extremely modestld¥ed animals and was
interested in all people.”

He could speak five languages (besides Engliskendhr, German, Italian, Arabic,
and Indonesian.

James Frederick Moodie was born in Dunedin on h8aky 1917 and died in
Christchurch on 23 August 2007. Pre-deceased by Bafbara; survived by
daughters Victoria and Annabel, sons Jamie and sfgrand five grandchildren.
This obituary entitledVar hero modest and loyatiginally appeared ifhe Pressiewspaper

(Christchurch) on September 8 and was written beMirean. We are also grateful to Bruce Rennie
of The Press
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