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SUMMARY Cases of neural tube defects born in Western Australia during the years 1966-81 were

identified from hospital records and death certificates. The overall rate for the 16 year period was
1- 81 cases of neural tube defects per 1000 births. The rate rose and then fell over the 16 years. The
initial lower rate may have been due to underascertainment, but the recent dramatic fall is
statistically significant and has been observed in other Australian states and other parts of the
world. This fall was not accounted for by termination of affected pregnancies before 20 weeks'
gestation nor by demographic changes in birth order, father's occupation, or parental country of
birth. The birth prevalence of neural tube defects determined in previous Australian studies is
reviewed in relation to the recent decline in these disorders.

The possibility of preventing neural tube defects
(NTD) by periconceptional vitamin
supplementation' has renewed interest in these
malformations and has highlighted the need for
accurate documentation of population based trends
in prevalence.
Many recent reports have indicated a worldwide

fall in the birth prevalence of NTD24 for which no

satisfactory explanation has been found.
We report a study of NTD in Western Australia

over the period 1966 to 1981 and review the data
available on the geographical and temporal variation
of these defects in Australia.

Methods

Case identification-Cases of anencephaly, spina
bifida, and encephalocoele were identified from
death certificates and the records of the only
specialist paediatric hospital in the state. The records
of the major obstetric hospital (including necropsy
information on births in other hospitals) were used as

an additional source of ascertainment.
Classification of cases-Cases with anencephaly

and spina bifida have been classified as anencephaly.
Spina bifida includes cases of spina bifida with and

without concomitant hydrocephalus as well as cases
of encephalocoele.
Demographic information-Demographic

information for each case was obtained from the birth
notification paper filed with the Registrar General.
Data available were nuptial status, mother's age and
birth place, and for nuptial births only, previous issue
of marriage, and father's age, occupation, and birth
place. Information on the same variables, for total
births in Western Australia, was obtained from
routine tabulations prepared by the Australian
Bureau of Statistics.
Completeness of ascertainment-A separate

perinatal death certificate, covering live births and
stillbirths over 28 weeks' gestation and deaths in the
first four weeks after birth, was introduced in
Western Australia in 1963. In 1968 the definition
was altered to include all births of 20 weeks' gestation
or more.

It is likely, therefore, that some
underascertainment occured in the early years of this
study. From 1970 onwards, however, ascertainment
is thought to be reasonably complete and consistent
from year to year. There is only one specialist
paediatric hospital in Western Australia, and it is
considered likely that all cases of NTD surviving

'08

guest. P
rotected by copyright.

 on M
ay 22, 2023 by

http://jech.bm
j.com

/
J E

pidem
iol C

om
m

unity H
ealth: first published as 10.1136/jech.38.3.208 on 1 S

eptem
ber 1984. D

ow
nloaded from

 

http://jech.bmj.com/


Neural tube defects in Western Australia 1966-81 and a review ofAustralian data 1942-81

more than one month (the period covered by the
perinatal death certificate) would be referred to this
centre.

Although there is no routine screening programme
for NTD in Western Australia, falling trends in the
prevalence of NTD at birth should be interpreted in
the light of termination of affected pregnancies
before 20 weeks' gestation. In Western Australia
cases of NTD may be detected before 20 weeks'
gestation as a result of ultrasound examination for
another reason, or in mothers at high risk because of
a previous NTD birth who undergo prenatal
diagnosis with ultrasound and amniocentesis. Over
the last two years of the study information on
terminations of pregnancies affected with an infant
with NTD was requested from all potential sources.

Analysis-Information for some variables (previous
issue, father's occupation, and father's birth place)
was available only for nuptial births, and the analysis
was therefore restricted to nuptial births in these
instances. Cases with information unknown for a

given variable were excluded from analyses involving
that variable.
To illustrate trends in birth prevalence, rates based

on three year moving averages for anencephaly,
spina bifida, and total NTD combined were plotted,
together with 95% confidence intervals for the first,
last, lowest, and highest rates for NTD. The
Chi-square test for linear trend was used to test for
trend in rates in anencephaly, spina bifida, and NTD.
A Chi-square test for contingency tables (with

correction for continuity where applicable) was used
to examine variations in birth prevalence by sex of
the infant, parental age and birth place, nuptial
status, birth order, and father's occupation.

Miettinen's formula was used for the calculation of
confidence intervals (CI) for relative risks.5
The data were divided into two five year periods

and a six year period (1966-70, 1971-75, 1976-81)
and standardisation in relation to selected parental
characteristics was performed by the indirect
method, using total births for the 16 years as the
standard.
Case finding of NTD in South Australia,

1966-73-The review of previous Australian studies
of the birth prevalence of anencephalus and spina
bifida includes unpublished data for South Australia
for the period 1966-73. Case finding methods were
similar to those for Western Australia in the same

period and were based on examination of stillbirth
and death records, the records of the only specialist
paediatric hospital in South Australia receiving cases

of spina bifida, and through postal inquiry to all
obstetric hospitals in South Australia. Cases were

classified as outlined above. Rates were based on the
official statistics for total births.

Results

Over the 16 year period 1966 to 1981, 597 cases of
NTD were identified. Births in Western Australia in
this period totalled 330 071, giving a birth
prevalence of 1 81 NTD per 1000 births (table 1).
The rates for anencephaly and spina bifida were 0 83
and 0-98 per 1000 births respectively. For NTD the
rate rose initially from 1966 to 1972 when it
stabilised before reaching a peak in 1976. After this
the downward trend was both consistent and
substantial. The pattern of these trends is illustrated
in the figure. The 95% confidence intervals about the
high and low three year rates suggest that both the
rise and subsequent fall were greater than would be
expected from chance variation due to small
numbers. The initial increase, as noted under
methods, could be partly an artefact due to
underascertainment resulting from the change in
definition of stillbirths in 1968 from 28 to 20 weeks'
gestation, and to other deficiencies in case finding in
the early years of the study but it is unlikely to be
wholly due to this. The strength and consistency of
the decline after 1976 which coincided with similar
falls in other Australian states is likely to be real.
Parallel movements in rates also occurred for
anencephaly and spina bifida, with the latter showing
greater variation.
The fall in rate from 1976 to 1981 is statistically

significant for both defects considered together (X2
for trend = 7X89, p<0-005, 1 df) and for
anencephaly (XI for trend = 8X9, p<0 003, 1 df).
The fall observed for spina bifida alone was not
statistically significant (X2 for trend = 1-18,
p<0278, 1 df).

Table 1 Neural tube defects, Western Australia 196641

Anencephaly Spina bifida All NTD
Year of
Birth All births No Rate No Rate* No Rate

1966 17 459 14 0-80 10 0-58 24 1-38
1967 18 268 17 0-93 18 0-99 35 1-92
1968 19 899 15 0-75 16 0-80 31 1-56
1969 21476 13 0-61 15 0 70 28 1-30
1970 22 425 17 0.76 23 1-03 40 1-78
1971 23 569 24 1-02 21 0-89 45 1.91
1972 22 152 26 1-17 23 1.04 49 2-21
1973 20 442 19 0-93 25 1-22 44 2-15
1974 20 346 15 0.74 27 1-33 42 2-06
1975 20 370 18 0-88 26 1-28 44 2-16
1976 20 517 29 1-41 22 1-07 51 2-49
1977 20 418 15 0-74 22 1-08 37 1-81
1978 19 224 15 0-78 20 1-04 35 1-82
1979 20 653 14 0-68 17 0-82 31 1-50
1980 20 788 14 0-67 21 1-01 35 1-68
1981 22 065 9 0-41 17 0-77 26 1-18

(1 1) (050)' (28) (1-27)'
Total 330 071 274 0-83 323 0-98 597 1-81

'Rates per 1000 births (figures in parentheses include pregnancies terminated
before 20 weeks' gestation).
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Only two cases of NTD were identified as
terminated before 20 weeks' gestation, both in 1981,
and inclusion of these cases does not alter the
significance of the falling rate (table 1).
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Fig 1 Birth prevalence of neural tube defects, Western
Australia, 1966-81. Rates per 1000 total births, based on
three year moving averages. Bars indicate 95% confidence
intervals.

Girls had consistently higher rates of NTD
prevalence than boys in all years and for both defects
(table 2). The rate for boys with spina bifida was
greater than the rate for boys with anencephaly, but
not significantly so, and no significant variation of the
sex ratio occurred over the study period.

Table 2 Birth prevalence ofneural tube defects by sex of
infant, Western Australia, 196641

1966-70 1971-7S 1975-81

No of No of No of
NTD NTD NTD
cases Rate cases Rate cases Rate

Anencephaly:
Boys 29 0-57 33 0-60 34 0-53
Girls 47 0-98 69 1-32 62 1-03

Spina bifida:
Boys 38 0-74 54 0-99 50 0.79
Girls 43 0-89 68 1-31 69 1-15

Total:
Boys 67 1-31 87 1-57 84 1-32
Girls 90 1-87 137 2-63 131 2-18

For all years considered together, no statistically
significant association was observed between the
prevalence of NTD and maternal age, paternal age,
or nuptial status. A significantly increased risk of
NTD prevalence was found for fourth and
subsequent births, for parents born in the United
Kingdom, and for fathers whose occupation was in
the unskilled category (tables 3, 4, and 5). A
significantly lower risk of NTD was observed among
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fathers born in other European countries (table 4).
When the data were grouped into the three time
periods and standardised for birth order (table 3), the
fall in rate was still of the same order of magnitude
(20%). The fall was also unaltered by standardisation
for parental country of birth and father's occupation.

Review of Australian data

Table 6 summarises previous studies of the birth
prevalence of NTD in Australia. Before 1966 these
related principally to the separate conditions of
anencephaly and spina bifida, and were variously
based on total population or hospital data. The rate
for anencephalus varied from 0 7 to 0-9 per 1000
births and that for spina bifida from 0-6 to 1-2 per
thousand. From these intermittent studies, the
combined rate ofNTD in Australia has been assumed
to be of the order of 2-0 per 1000 births.6

Since 1966 the birth prevalence of NTD has been
more extensively and consistently studied. In the
period 1966-73 population based studies using
comparable case finding methods were conducted in
New South Wales, South Australia, and Western
Australia. The period rates for these three states
were virtually identical at 2-0 per 1000 births,
lending support to the previous estimates. In the
extended New South Wales study (1965-80),
however, there was evidence of a trend in rates over
time similar in pattern to those reported in this study,
with an initial rise in the total NTD rate from 1-7 in
1965 to a peak of approximately 2-4 in 1976,
followed by a decline, the quadratic trend being
significant for both anencephaly and spina bifida. No
such trend was observed in South Australia (table 7)
and therefore it cannot be assumed that the rising
rates observed in New South Wales and Western
Australia occurred in other parts of Australia.

Since 1975 additional studies conducted in
Victoria and Tasmania have shown lower overall
rates of total NTD of 1-7 and 1 6 respectively. In
both states there has been evidence of decline in rates
as shown in table 8 which also includes data from
New South Wales and the present study. There is thus
clear evidence of a decline in rates in four Australian
states since 1975. The fall in prevalence in Victoria is
statistically significant for anencephaly and both
defects together, but not for spina bifida alone.
The Tasmanian data showed a significant fall for all

NTD (X2 for trend = 10-28, p<0001, 1 df). The
small numbers of births (around 7000 annually)

I probably accounts in part for the wide fluctuations in
I rates by year, and were too small to examine

anencephaly and spina bifida separately. From table
7 there is thus clear evidence of a general decline in
rates in four Australian states.
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Table 3 Birth order by grouped study years (nuptial births only)
1966-70 1971-75 1976-81 1966-81

All births All births All births All births
(n=88 877) No of (n=94 175) No of (n=107 200) No of (n =290252) Vo of Rate NTD Relative
% NTD cases % NTD cases % NTD cases % NTD cases per 1000 risk (95% CI)

36-1 38 38-2 51 36-1 73 36-8 162
28-8 44 33-5 70 37-8 61 33-6 175
18-0 25 17-0 40 18-1 27 17-7 92
17-1 38 11-3 42 8-0 21 119 101

100-0 145 100-0 203 100-0 182 100-0 530

1-63

1-57

2-16

2-16

1-70

1-74

1-52 1
1 79 1-18(0-95-1-45)
1-79 1-18(0-96-1l35)
2-93 1-93(1-51-2-46)

1-83

Table 4 Birth prevalence ofNTD by parental birth place
1966-81

Birth place No of Rate Relative 95% Confidence
ofparent NTD per 1000 risk interval

Mother:
Australia 425 1-75 1-00 -

United Kingdom 105 2-45 1-40** 1-131-73
Other Europe 39 1-32 0-75 0-541-04
Other 24 1-61 0-92 0-601-40

Father (nuptial cases
only):

Australia 381 1-90 1-00 -

United Kingdom 101 2-39 1-26* 1-01-1-57
Other Europe 41 1-09 0-58** 0-42-080
Other 18 1-27 0-66 0-41-1-05

*p<0-05; **p<0-01.

Discussion

Relatively stable rates over time of the prevalence of
NTD have been observed in Australia until the last
decade, with rates of around 1 per 1000 for both
anencephaly and spina bifida.
A fall in rate in recent years has been documented

in four Australian states, as well as in many other
parts of the world. The reasons for this fall have not
been identified. Terminations of pregnancies

affected with NTD have been included in some
studies4 56 118 as well as the present study, and account
for only a small proportion of the fall.
No consistent alteration of the male to female ratio

for either defect was seen over time; this was in
contrast with some studies, though not all, in which a
decline in rate was associated with a rise in the
proportion of boys affected.2 19

The risk of NTD was greater in fourth and
subsequent births in Western Australia although not
also in first births, as has been observed in some other
studies.19 Standardisation for birth order in these
data shows that the reduction in the proportion of
high parity and thus high risk Western Australian

Table 5 Birth prevalence ofNTD by father's occupation
1966-78. Nuptial births only

No of Rate per
NTD 1000 Relative 95% Confidence

Occupational group cases births risk interval

Professional 62 1-52 1-00 -

Semiprofessional 73 1-91 1-26 (0-89-1-78)
Skilled 139 1-79 1-17 (0-87-1-57)
Unskilled 167 2-28 1*50* (1-12-2*01)
Armed forces, other 9 1-69 1.11 (0.37-3.32)

*p<'-01.

Table 6 Birth prevalence ofNTD in Australia before 1975

Total NTD Anencephaly Spina bifida
Source reference State or city Period Total births Rate per 1000 Rate per 1000 Rate per 1000

7 Sydney' 1942-64 90 684 - 07 -

Melbourne* 1942-62 228 976 1-3 0 7 0-6
Victoria 1954-65 753 097 - 07 -

10 Melbourne' 1949-58 69 740 - 0-8 -

South Australia 1956-65 206 328 - - 0-8
(Live births only)

12 Melbourne' 1943-63 ? - - 1-2
13 Melbourne't 1961-64 11765 0-8 0-5 1-4
14 Melbourne' 1971-75 10 454 2-7 1-2 1-6

New South Wales 1965-73 781 099 2-0 0-9 1-1
Unpublished data South Australia 1966-73 171 753 1-94 0-99 0 95

'Hospital series.
tSingle births only.

Birth order

1
2
3

-4
Total
Crude rate
NTD/1000 births
Standardised rate
NTD/1000 births
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Table 7 Birth prevalence of neural tube defects, South
Australia, 1966-73

Anencephaly Spina bifida All NTD
Year of
birth All births No Rate No Rate No Rate

1966 20319 24 1-2 23 1 1 47 2-3
1967 20 386 8 0-4 22 1-1 30 1-5
1968 21207 27 1-3 17 0-8 44 2-1
1969 21977 25 1-1 21 0-9 46 2-1
1970 22 617 13 0-5 19 0-8 32 1-4
1971 22 966 27 1-2 22 0-9 49 2-1
1972 21844 25 1-1 19 0-9 44 2-0
1973 20 407 22 1-1 21 1-0 43 2-1
Total 171 753 171 1-0 164 0-9 335 1-9

mothers in recent years is not a reason for the fall in
birth prevalence of NTD.
When one or other parent was born in the United

Kingdom the risk of NTD was greater than for
Australian born parents, and parents born in other
European countries had a lower rate ofNTD. Parents
from the United Kingdom, a high risk area for
NTD'5 19 20 appear to retain their high risk, at least to
some degree, when they migrate to Australia. The
relative contribution of genetics and environment to
this risk is not clear.15 19 These differences will be
examined in more detail in another paper.
Minor changes in the distribution of parental birth

place have occurred over the study period, but
standardisation for these variables again leaves the
fall in rate of NTD unaltered.
An association of the prevalence of NTD at birth

with paternal occupation was observed in these as in
other data.19 Standardisation for occupation over the
study period had no effect on the falling rate, but as

an indication of social, nutritional, and educational
status, father's occupation is a very crude measure.
Significant changes in some of these variables may
have occurred which this study is unable to address
but which may be relevant to the fall in the
prevalence of NTD at birth.4

While the recent fall in NTD birth prevalence is
encouraging, the possibility must be recognised that
this may not be permanent but part of long term
cyclical variation. In support of this it is noted that in
both New South Wales and Western Australia, rates
actually rose concurrently before the recent decline.

C Bower, M Hobbs, A Carney and D Simpson

Whereas such rises may be spurious due to
incomplete case finding, periodic variations have
been well documented in other populations"9 and
continued research into the reasons for variation with
time, as well as the aetiology of NTD, is necessary.
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