
Journal of Epidemiology and Community Health, 1982, 36, 87-95

Estimating an individual's risk of having a fetus with
open spina bifida and the value of repeat
alpha-fetoprotein testing
FOURTH REPORT OF THE UK COLLABORATIVE STUDY ON ALPHA-FETOPROTEIN IN
RELATION TO NEURAL TUBE DEFECTS*

SUMMARY Data from the United Kingdom Collaborative Alpha-fetoprotein (AFP) Study were
used to estimate an individual woman's risk of having a fetus with an open neural tube defect based
on her particular maternal serum or amniotic fluid AFP concentration, and also to indicate the
value of obtaining fresh specimens for repeat AFP testing. This was done by first showing that the
AFP distribution adequately fitted a log Gaussian distribution and then estimating the mean and
standard deviation of those distributions as well as the components of variance due to assay
imprecision and within-person AFP fluctuations. In the United Kingdom as a whole the odds of
having a fetus with open spina bifida among women with maternal serum AFP concentrations of
240, 3'0, and 4'0 multiples of the normal median (MoM) at 16-18 weeks' gestation are roughly
1:400, 1:59, and 1:13 respectively. Among women who have a single serum AFP concentration
-2'5 MoM at 16-18 weeks' gestation which remained raised after the revision of gestational age
by ultrasound and who proceed to amniocentesis, the odds are 1: 84, 1: 1, and 24: 1 for women who
have amniotic fluid AFP values of 2'0, 3 0, and 4.0 MoM respectively at 16-18 weeks' gestation.
If the amniotic fluid sample is blood-stained these odds are lower, if it is not they are higher-
for example, 1:4 and 5:1 respectively at 3'0 MoM. If an amniotic fluid AFP result is borderline
there is practical value in obtaining a fresh amniotic fluid sample and performing a repeat AFP test,
but if a maternal serum AFP result is borderline or high there is little value in testing a second
maternal serum sample. Centres in which women with raised serum AFP concentrations routinely
have a repeat test may therefore wish to reconsider this policy.

In our first two reports on maternal serum and
amniotic fluid alpha-fetoprotein (AFP) we provided
information on the proportion of pregnancies with
and without open neural tube defects (NTD) having
AFP values equal to or greater than various cut-off
values. 2 We also indicated the best time to perform
the test, and estimated the odds of having an affected
fetus among women with positive AFP results1 2
This information was derived by direct observation,
and has been useful in designing and executing
antenatal screening and diagnostic programmes for
open neural-tube defects. The two reports, however,

do not provide precise information on the odds of an
individual woman having an affected fetus or on the
practical value of obtaining fresh samples for repeat
AFP testing. The present report considers these two
questions. To answer them by direct observation
would require data from tens of thousands of
pregnancies, including well over 1000 affected
pregnancies, and although this would be the ideal
method it is clearly impractical. The questions can be
answered indirectly using fewer data if the AFP
distributions can be reasonably well defined by
known frequency distributions-for instance, the
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Gaussian distribution and if there are reliable
estimates of the components ofAFP variance that are

due to assay imprecision and to within-person AFP
fluctuations. In this paper we explore this approach
and attempt to answer the two questions posed.

Methods

The data on singleton neural tube defect (NTD) and
non-NTD pregnancies were those collected from the
19 centres in the United Kingdom Collaborative
AFP Study.1 2 AFP results were expressed in
multiples of the median value for unaffected
pregnancies at each centre at the relevant week of
gestation (MoM). Gestational age was measured in
days since the first day of the last menstrual period
and expressed in completed weeks for example, 16
weeks = 16 weeks 0 days to 16 weeks six days
inclusive.

During the collaborative study a survey of assay

performance was carried out, and data from this were
used to estimate the component of AFP variance due
to assay imprecision. Five quality assessment pools
were prepared using maternal serum from unaffected
pregnancies and diluted where necessary with male
serum. The approximate AFP concentrations were

1.1, 1.2, 3*0, 3*6, and 5-0 MoM at 17 weeks'
gestation. Two further pools were prepared using
partially purified AFP derived from amniotic fluid
diluted with amniotic fluid from unaffected
pregnancies; the AFP concentrations were roughly
0O8 and 2-2 MoM at 17 weeks' gestation. The
individual results of all replicates of a sample
measured in the same analytical batch were reported
so that both a within-batch and a between-batch
component could be estimated. (If a gel technique
was used to measure AFP the term "batch" was

taken to refer to a single "plate.")
The component of AFP variance due to

within-person fluctuations was estimated using pairs
of AFP results from samples obtained on different
days from the same woman. To avoid bias, data for
non-NTD pregnancies were restricted to those in
which the decision to collect and test a second sample
had not been influenced by the result of the first.
Data on NTD pregnancies were not restricted in this
way; for maternal serum AFP it was not necessary
since most were routinely retested, and for amniotic
fluid AFP it was not possible because only 10 women
with affected fetuses had a repeat amniocentesis.
These 10 women had relatively low amniotic fluid
AFP values for affected pregnancies, and because of
the tendency for the results of repeat tests to regress
towards the mean for affected pregnancies our

estimate of within-person variance among such
pregnancies will be somewhat exaggerated. Amniotic
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fluid AFP results from blood-stained samples or from
pregnancies ending in a miscarriage or a serious fetal
malformation other than an NTD were excluded
from our estimation of within-person variance.
The inclusion of occasional outlying values in

statistical analyses can bias the estimate of the mean
and exaggerate the estimate of the standard
deviation. We give our method for excluding outliers
in the statistical appendix (1) and provide individual
details of the exclusions made in footnotes to the
tables. Standard statistical methods were used to
estimate the different components of AFP variance
and to investigate how well the AFP distributions
fitted a logarithmic Gaussian distribution. These are
given in the statistical appendixes (2) and (3)
respectively. The method used to estimate the means
and standard deviations for the frequency
distributions is given in the statistical appendix (4).

Results

The distributions of maternal serum and amniotic
fluid AFP in unaffected, open spina bifida, and
anencephalic singleton pregnancies at 16-18 and
19-21 weeks' gestation fitted a log Gaussian
distribution reasonably well (fig 1; a straight line
represents a good fit). Table 1 shows the mean and

Table 1 Parameters of distributions of maternal serum
and amniotic fluid AFP in unaffected, open spina bifida and
anencephalic pregnancies at 16-21 weeks' gestation

AFP

Geo-
metric (Logio MoM')

No of mean
pregnancies (MoM) Mean SD Variance

Maternal serum
16-18 weeks'
Non-NTD 6219 100 0.0000 0-2163 0-0468
Open spina bifida 33 3 79 0-5791 0-2697 0-0727
Anencephaly 51 6 52 0-8143 0-3342 0-1117

19-21 weeks'
Non-NTD 2643 1 00 0.0000 0-1844 0 0340
Open spina bifida 13 2-21 0-3452 0-2614 0-0683
Anencephaly 19 5-36 0-7290 0-2585 0-0668

Amniotic fluid
16-18 weeks'
Non-NTD 7858 1-00 0-0000 0-1637 0-0268
Open spina bifida 74 7-30 0-8633 0-2203 0 0485
Anencephaly 97 20-97 1-3216 0-2145 0-0460

19-21 weeks'
Non-NTD 1561 1-00 0.0000 0-2125 0-0452
Open spina bifida 21 6-95 0-8418 0-2275 0-0518
Anencephaly 70 26-40 1-4216 0-2526 0-0638

*MoM = Multiple of the normal median.
Calculations were performed after excluding the following outlying values (see
statistical appendix (4)): maternal serum AFP values of <0 4 MoM (16-18
weeks) from an anencephalic and 74-8 MoM (16-18 weeks) from an open spina
bifida; amniotic fluid AFP values of 0-9 (16-18 weeks) and 2-4 (19-21 weeks)
from anencephalics and 0-4 (19-21 weeks), 1-9 (16-18 weeks), 32-8 (19-21
weeks), 54-7 (16-18 weeks), and 70-9 (19-21 weeks) from open spina bifidas.

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jech.bm
j.com

/
J E

pidem
iol C

om
m

unity H
ealth: first published as 10.1136/jech.36.2.87 on 1 June 1982. D

ow
nloaded from

 

http://jech.bmj.com/


Estimating an individual's risk of having a fetus with open spina bifida

Anencephaly ;
_ +++

0
+t+

0e.++ + spina ***
++bitida * Unaffected

19-21 weeks

0 0

0

Anencephcly .
e

0000 +

e ° * + Open
e ++ spra .

e ° + bitida .*

+ + + Unaffected

a I I I I I

1 10 25 50 75 90 99 %9
Percentile

Anencephaly,

0S +

..000++

+ Open
--44+ spina

. + bitida

Unaffected

1 10 25 50 75 90 99 99.9

Fig 1 Cumulative frequency distribution of maternal
serum and amniotic fluid AFP values at 16-18 weeks' and
19-21 weeks' gestation among unaffected, open spina bifida,
and anencephalic pregnancies. MoM = multiple ofnormal
median. (Selected percentiles only are shown for unaffected
pregnancies, and outlying values specified in footnote to table
1 omitted).

Table 2 Parameters of distributions of AFP in
blood-stained and in clear amniotic fluid samples among
unaffected pregnancies at 16-21 weeks' gestation*

AFP

Geo-
metric (Logie MoMt)

No of mean
pregnancies (MoM) Mean SD Variance

Bloodstained
16-18 weeks' 370 1-20 0-0797 0-1925 0-0371
19-21 weeks' 94 1-27 0-1039 0-2410 0-0581

Clear
16-18 weeks' 3588 0-97 -0-0137 0-1394 0-0194
19-21 weeks' 663 0-86 -0-0679 0-2065 0-0427

'This analysis was restricted to centres and reporting periods where
bloodstaining and miscarriage were reported routinely.
tMoM = Multiple of the normal median.

standard deviation (and variance) of logso AFP for
each distribution and fig 2 shows the Gaussian
distributions using the means and standard
deviations for 16-18 weeks' gestation, when most
tests were performed.
Table 2 shows the mean and standard deviation

(and variance) of logio AFP in blood-stained and in
clear amniotic fluid samples among unaffected
pregnancies. This analysis was restricted to centres
and reporting periods where blood-staining and
miscarriage were reported routinely. The data were

too few to estimate these parameters separately for
affected pregnancies.
Table 3 shows the within- and between-batch

component of logio AFP variance and the coefficient
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of variation for the five maternal serum and two
amniotic fluid quality assessment pools. For both
maternal serum and amniotic fluid the variances
show no strong association with AFP concentration,
and in each case may be combined to give an overall
variance. The between-batch component of variance

Unaffected Open

spina
bifida

Anerrcephaly

0 5 1 2 3 4 5 10 50
Malemal serum AFP (MoM)

Fig 2 Frequency distribution of AFP values at 16-18
weeks' gestation. Maternal serum and amniotic fluid values
among unaffected, open spina bifida, and anencephalic
pregnancies. MoM = Multiple ofnormal median. (The unit
of logio AFP used is 0.2163.)

Fourth report of the UK collaborative study
is greater than the within-batch component about
three times as great for maternal serum (0.0056 v
0*0021) and about four times as great for amniotic
fluid (0-0043 v 0.0011).

Table 4 shows the within-person component of
logio AFP variance in non-NTD and NTD
pregnancies using all the available data from 14-24
weeks' gestation. In general the variances are larger
than those due to assay imprecision.
Table 5 summarises the relative contribution of the

different components of variance to the total
variance of maternal serum and amniotic fluid logio
AFP in a one-week gestational period among women
with unaffected singleton pregnancies. The
percentage contribution due to assay imprecision was

Table 4 Within-person component oflogio AFP variance
at 14-24 weeks' gestation

Mean time
interval
between

Within- collecdon
No of person ofsamples
individuals variancet (weeks)

Maternal serum
Non-NTD 80 0 0079 2-2
Open spina bifSda 21 0-0024 1-6
Anencephaly 52 0 0030 1-8

Amniotic fluid
Non-NTD* 57 0-0130 2-3
Open spina bifida 110 0 0074 2-3
Anencephaly I

Excluding miscarriages and serious fetal malformations.
tCalculations were performed after excluding the following outlying pairs of
values (see statistical appendix (2)): unaffected pregnancies with maternal
serum (1.1 x median for first test, 3-1 for second test), (0.4, 1-3), (0-1, 0.9),
and amniotic fluid (2-1, 0.4); open spina bifida pregnancies with maternal
serum (1-0, 3-9); anencephalic pregnancies with maternal serum (7-2, 3.0),
(1-6, 11-8).

Table 3 Within and between-batch components of logLo AFP variance according to the quality assessment pool
Quality Withn-batch Between-batcht
assessment
pool No of CVt No of CVt
(MoM.) replcates Variance (%) batches Variance (%)

Maternal serum
1*1 197 0-0016 9 93 0-0065 18
1-2 297 0-0030 13 82 0-0065 18
3-0 237 0-0013 8 92 0-0030 13
3-6 168 0-0012 8 64 0-0058 18
5 0 245 0 0025 12 88 0-0054 17

All 1144 0-0021 10 419 0-0056 17

Amniotic fluid
0-8 174 0-0013 8 54 0-0045 15
2-2 382 0-0010 7 158 0 0043 15

All 556 0-0011 8 212 0 0043 15

'MoM = Multiple of the normal median at 17 weeks' gestation.
tCoefficient of variation, derived from 230 x Vvaiane.
tThe calculations were performed after excluding the foilowing outlying values (see statistical appendix (2)): maternal serum AFP values that were 18, 23, 46,57, 58,
71, 81, 85, 139, 142, 167% of the geometric mean for that given pool and centre; amniotic fluid AFP values that were 32, 56, 84, 171, 191, 272% of the geometric
mean for that pool and centre.
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Estimating an individual's risk of having a fetus with open spina bifida

similar for maternal serum and amniotic fluid AFP;
14% and 18% respectively- but that due to
within-person fluctuations was quite different: 17%
and 48% respectively.

Table 5 Components oflogio AFP variance according to
source ofAFP variation and the percentage contribution of
each to the total within-week variance among unaffected
pregnancies at 16-18 weeks' gestation

Variance (% of total)
Source of
AFP variation Maternal serum Amniotic fluid

Assay
Within-batch -2* 0-0010 (2%) 0-0005 (2%)
Between-batch 0-0056 (12%) 0-0043 (16%)

Total 0-0066 (14%) 0-0048 (18%)

Within-person 0-0079 (17%) 0-0130 (48%)

Residual, including
gestational age
assessment and
between-person t 0-0323 (69%) 0 0090 (34%)

Total 0-0468 (100%) 0-0268 (100%)

*Assuming samples tested in duplicate.
tTotal minus assay and within-person components.

Discussion

RISK OF OPEN SPINA BIFIDA IN RELATION TO A
PARTICULAR AFP CONCENTRATION
A detailed description of the calculation of the odds
of having a fetus with open spina bifida in relation to a
particular AFP concentration is given in the
statistical appendix (5), and table 6 shows these odds
for a selection of AFP concentrations among women
who have an amniocentesis on account of a serum
AFP concentration equal to or greater than 2-5 MoM
at 16-18 weeks' gestation after excluding multiple
pregnancy and revising gestational age by ultrasound
examination. Such women have a 1:13 risk of fetal
open spina bifida (see fig 4 in ref 2). (The odds
assume a birth prevalence of open spina bifida of two
per 1000 in the absence of antenatal diagnosis and
selective abortion.)
Women who have an amniocentesis because they

have previously had an infant with a neural tube
defect have an open spina bifida risk of 1:50 so that in
this group the odds shown in table 6 would be about
one-quarter of those indicated; for women who have
an amniocentesis for reasons other than a high serum
AFP concentration or a previously affected child the
odds would be only about 3% of those indicated. The

Table 6 Odds (to 2 significantfigures) ofhaving a singleton fetus with open spina bifida to having an unaffectedpregnancy
at different maternal serum and amniotic fluid AFP values when the birth prevalence ofopen spina bifida in the absence of
antenatal diagnosis and selective abortion is 2 per 1000. * The amniotic fluid odds relate to women who have an amniocentesis
because ofa serum AFP level -2 -5 MoMt at 16-18 weeks' gestation assuming 63% ofunaffected singleton pregnancies with
raised serum AFP values are still positive after ultrasound has been used on women with raised values to revise gestational age'
thereby making the odds before the amniotic fluid test 1:13 (see table VII in ref 2)

Amniotic fluid
(if amniocentesis performed because serum AFP

Maternal serum w2-5 MoM)

Gestation (completed weeks) Gestation (completed weeks)
AFP(MoMt) 16-18 19-21 16-18 19-21

1-0 1:6200 1:1700
1-2 1:3200 1:1100
1-4 1:1800 1:690
1-6 1:1000 1:440
1-8 1:640 1:290 *
2-0 1:400 1:190 1:84 1:86
2-2 1:260 1:130 1:32 1: 42
2-4 1:170 1:85 1:13 1:22
2-6 1:120 1:58 1:5-6 1:12
2-8 1:83 1:40 1:2-5 1:6-8
3-0 1:59 1:28 1: 1-2 1: 4-0
3-2 1:42 1:20 1-8:1 1:2-5
3-4 1:31 1: 14 3-6: 1 1:1-5
3-6 1:23 1:10 7-0:1 1:1-0
3-8 1:17 1:7-5 13:1 1-5:1
4-0 1:13 1:5-6 24: 1 2-3: 1
4-2 1: 9-9 1:4-1 § §
4-4 1:7-7 1:3-1 § §
4-6 1:6-0 1 :2-3 § §
4-8 1:4-7 1: 1-8 § §
50 1:3-7 1:1-4 § §

'Odds for maternal serum AFP take unaffected pregnancies to be any singleton non-NTD pregnancies; for amniotic fluid AFP they also exclude miscarriages and
other serious fetal malformations.

tMultiple of normal median.
tCannot be reliably estimated but less than next specified number.
§ Cannot be reliably estimated but greater than last specified number.

91

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jech.bm
j.com

/
J E

pidem
iol C

om
m

unity H
ealth: first published as 10.1136/jech.36.2.87 on 1 June 1982. D

ow
nloaded from

 

http://jech.bmj.com/


92

odds shown in table 7 can easily be adjusted to take
account of different population prevalences. For
example, if the prevalence is 1 per 1000 the odds are
approximately halved.

It is important to point out that our estimates of the
odds are likely to be reliable only for maternal serum
AFP values between 1 and 5 MoM, and for amniotic
fluid values between 2 and 4 MoM. Estimates outside
these limits may be substantially in error. Although at
given AFP values the odds of having open spina
bifida are higher at 19-21 weeks' gestation than at
16-18 weeks, the detection rate will be lower.
Because of this it is better to screen at 16-18 weeks
than at 19-21 weeks.

Since anencephaly is readily diagnosed by
ultrasound scanning we have not tabulated the odds

Fourth report of the UK collaborative study

for this defect. Raised AFP values are associated with
various other fetal abnormalities-for example,
exomphalos, congenital nephrosis, intra-uterine
death-but insufficient information is available to

estimate reliably an individual's risk of having a fetus
with such a defect.

EFFECT OF AMNIOTIC FLUID BLOOD STAINING

At 17 weeks' gestation the concentration of AFP in
fetal blood is about 150 times that in amniotic fluid,
so that contamination with fetal blood can distort
amniotic fluid AFP measurements and affect their
interpretation.2 To take account of this, when
assessing the risk of having an open spina bifida fetus
we have estimated odds separately for blood-stained
and clear samples (table 7: see statistical appendix

Table 7 Odds (to 2 significantfigures) ofhavingasingleton fetus with openspina bifida to havingan unaffectedpregnancy*
at different amniotic fluid AFP values in bloodstained and clear samples when the prevalence ofopen spina bifida in the
absence ofantenatal diagnosis and selective abortion is 2 per 1000. Odds relate to women who have an amniocentesis because
ofa serum AFP value .25 MoMt at 16-18 weeks' gestation assuming 63% ofunaffected singleton pregnancies with raised
serum AFP values are still positive after ultrasound has been used on women with raised values to revise gestational age2 4

Amniotic fluid (if amniocentesis performed because serum AFP a2 5 MoM)

Bloodstained Clear

Gestation (completed weeks) Gestation (completed weeks)
AFP(MoMt) 16-18 19-21 16-18 19-21

2-0 1:100 1:74 1: 45 1:54
2-2 1:48 1:42 1:14 1:24
2-4 1:24 1:25 1:4-7 1:12
2-6 1:13 1:15 1: 1-6 1:5-9
2-8 1:7-2 1:10 1-7:1 1:3-1
30 1:4-1 1:6-7 4-6:1 1:1-7
3-2 1:2-4 1:4-6 1-0:1
3-4 1:1-5 1:3-2 1-7: 1
3-6 1-1:1 1:2-3 2-8: 1
3-8 1-7: 1 1:1-7 t
4-0 2-6: 1 1: 1-3 4 t

'Excluding miscarriage and other serious malformations.
tMultiple of normal median.
4Cannot be reliably estimated but greater than last specified number.

Table 8 Maternal serum AFP: detection rate ofopen spina bifida and proportion ofsingleton non-NTD pregnancies with
positive results at 16-18 weeks' gestation according to eight policies of testing repeat samples (Ts = result of first test,
T2 = result ofsecond test)

Non-NTD
pregnancies

Open with
Repeat on a spina bifida positive
fresh maternal % Women detection rate results

Policy serum sample if re-tested Positive if: (%) (%)

One test only (A) - 0 Tia2-5 MoM 75 3-3
Routine retesting (B) _ 100 /T7T a2-5 MoM 76 2-3

(C) T,22-0 MoM* 8 Ts*2-5 MoM 74 2-6
(D) T,22-5 MoM 3 Ta22-5 MoM 70 1-7
(E) T,22-5 MoM 3 Tia2-0 MoM 74 2-6

Selective retesting T, is:
I (F) 2-02-9 MoM 7 T.-3-0 or T.22-5 MoM 76 3 0
I (G) 2-52-9 MoM 2 Tia3-0 or T.22-5 MoM 72 2-1
I (H) 2-52-9 MoM 2 Tia3-0 or T2a2-0 MoM 74 2-7

'Multiple of normal median.
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(5)). It would have been preferable to treat fetal
blood staining separately, but the origin of the blood
staining was not always determined.
The effects of blood staining on the interpretation

of equivocal amniotic fluid AFP results is
considerable. For example, consider a woman with a
raised serum AFP concentration who has an amniotic
fluid AFP concentration of 3*0 MoM at 17 weeks'
gestation; if the sample were blood stained the odds
of having a fetus with open spina bifida would be 1:4,
but 5:1 if the sample was clear.

EFFECT OF REPEAT MATERNAL SERUM AFP
TESTING
Table 8 shows the results of eight maternal serum
AFP screening policies (A-H) and the statistical
appendix (6) describes the derivation. The policy of
routinely testing women twice (B) has a similar
detection rate to that of testing women once only (A),
but the percentage of non-NTD pregnancies with
raised values was substantially lower with policy B
(2.3% compared with 3-3%). Among the selective
retesting policies considered in which only certain
categories of women are tested twice, two (D and G)
use the same cut-off values for the first and second
tests. These lead to results comparable with what
might be achieved by simply raising the cut-off value
and testing women once only. The other selective
retesting policies (C, E, F, and H) yield proportions
of non-NTD pregnancies with raised values between
those found with policy A and B, and at most only a
small loss in detection.
No one policy is obviously superior to another. In

general the extra effort of retesting is not associated
with considerable benefits. Of the various repeat
testing options shown in table 8, policy H (retesting
only women with results just above the cut-off value
and using a lower cut-off value for the second test) is
probably the most efficient, necessitating the
retesting of only about 2% of screened women.

EFFECT OF REPEAT AMNIOTIC FLUID AFP
TESTING
Amniotic fluid AFP retesting policies are more
difficult to examine because candidates for second
tests are likely to be those with amniotic fluid AFP
values of about 3 MoM or greater-that is, in the tail
of the AFP distribution for unaffected pregnancies,
where the expected proportion of false-positives at a
given level cannot be estimated reliably. The
within-person component of variance for amniotic
fluid AFP is quite large, however, and we can
conclude that the reduction in the false-positive rate
due to repeat testing is likely to be substantial,
particularly if the amniotic fluid AFP concentration is
borderline.

We thank Dr Jillian Boreham, Laing research fellow
in preventive medicine, who assisted with data
processing, Professor M J R Healy and Mr J Peto for
their helpful advice, Mr D E Smith for checking the
calculation of the odds ratios, and Mrs C Harwood
who typed the manuscript and prepared the figures.

Statistical appendix

Logl0 AFP values are used throughout.

(1) EXCLUDING OUTLIERS
The statistical calculations described in (2) and (4)
below were performed after excluding outliers. Our
method of excluding outliers was as follows:

(a) Original sample of N observations was
truncated by excluding the n highest and n lowest
values where n was an arbitrary number which was
small in relation to N (usually io)

(b) The mean of the truncated distribution MT and
an estimate of the standard deviation of the original
distribution ST were calculated using Healy's
method.3 That is,

N-n
MT = I X( )J/N1

i=n+l
N-n

ST=b. Ij z (2i-N-1 ).X( j)/(NI (NI_Z2)}i=n+l
where x,i, is the ith value in the ranked sample

N1 = N-2n
and b is a number tabulated for different values of
NJIN (see table 1 in ref 3 where P = NJIN).

(c) Values of x were excluded as outliers if
|X-MT I /ST233.

(2) ANALYSIS OF AFP VARIANCE
Specimens from the ith pool were assayed in ni
centres. The jth centre assayed them in n, batches,
and in the kth batch nUk replicates were tested (usually
duplicates or triplicates). Let the variance between
the replicates be S2ijk and let the variance between the
mean of the replicates be S2.iafter excluding outlying
means (in relation to the it pool in the jth centre)
using the method of (1) above, with n = 1.
For each pool the within-batch component of AFP

variance was estimated from:

ni nlj
j=1 k=l

(nijk-1) .Sijk

ni nij
E E (nijk-l )
j=1i k=1
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The between batch component was estimated
using data from the mi centres with at least five
batches (mij batches out of nij being available, in the
jth centre, after excluding outliers) from:

E_ ii ij[1U k-El jk] /mij

mj

E (mi- 1)
j=1

Summary estimates for all pools were derived by
summing both numerators and denominators over i.

Replicates were not always placed at random in a
batch but occupied adjacent positions in the
analytical run. This will have tended to
underestimate the within-batch component because
of the tendency for results to increase or decrease
throughout the batch. The error was however
negligible; in one centre (Oxford) where internal
quality assessment samples were tested both at the
beginning and at the end of each of 120 analytical
batches, the variance due to this effect was 0-00036.
The within-person component of AFP variance

was estimated from the average variance between the
results in each pair minus the estimate of the
between-batch and half the within-batch component
for the appropriate centres, after excluding pairs
where the difference between the results was outlying
(in relation to all such differences) using the method
of (1) above with n = N/ 10. This does not account for
differences in the total variance of AFP in different
gestational periods (see table 1). Since, however,
samples were taken on average only two weeks apart
(and never more than four weeks apart) this bias
could have increased our estimates by no more than
about 10%.

(3) INVESTIGATION OF GOODNESS OF FIT OF
AFP DISTRIBUTION TO A LOG GAUSSIAN
DISTRIBUTION
This was done by plotting cumulative frequency
graphs on Gaussian probability paper, a straight line
indicating good fit. The amniotic fluid AFP
percentile estimates for unaffected pregnancies
were made after excluding results relating to
miscarriage and serious malformation lying above
the 90th percentile.

(4) DERIVATION OF PARAMETERS FOR THE
FREQUENCY DISTRIBUTIONS
For affected pregnancies these were derived after
excluding outliers using the method of (1) above with

Fourth report of the UK collaborative study
n = N/10. Only the 10th, 50th, and 90th percentile,
and higher maternal serum AFP values for
unaffected pregnancies were reported by each
centre. Since all values were expressed in MoMs the
mean was taken to be zero and the standard deviation
was derived by first estimating the 90th percentile of
AFP as the weighted mean value for each reporting
period and centre, weighted by the number of
pregnancies and dividing the result by 1-28. We used
a similar method for amniotic fluid AFP values in
unaffected pregnancies even though each individual
value was available: the mean for blood-stained and
clear amniotic fluid was estimated by the median
value.

(5) ODDS
Suppose the birth prevalence of open spina bifida in
the absence of antenatal diagnosis and therapeutic
abortion is n per 1000, then the odds of having open
spina bifida to unaffected pregnancy for a given AFP
level a standard deviations (SDs) from the mean of
unaffected pregnancies and,l8 SDs from the mean of
open spina bifida pregnancies is:

f(2 x SD for unaffected x n: (1000-n)f(a) SD for open spina bifida
where f(z) is the standard Gaussian ordinate. Open
spina bifida is roughly twice as prevalent among
women with blood-stained amniotic fluid samples
(18%) compared with those yielding clear ones2 (9%).
To allow for this the left-hand side of the odds for
amniotic fluid AFP needs to be multiplied by 2-0 in
the former case and 0 9 in the latter. For tables 6 and
7 values of a were derived using the parameters in
tables 1 and 2 respectively. Since there were too few
data from open spina bifida pregnancies to make
separate estimates for blood-stained and clear
samples, values of /8 were all derived from the
parameters in table 1. The odds for clear samples will
therefore be slightly underestimated and those for
blood-stained samples slightly overestimated.

(6) REPEAT TESTING
The effect of routine retesting is derived from the
appropriate Gaussian distributions after reducing the
variances by one-half of the assay imprecision and
within-person components.

If resampling is carried out among women whose
first AFP result was between a and /8 standard
deviations from the mean of unaffected pregnancies,
and a second result considered positive if it was -y
standard deviations from the mean then the
proportion of unaffected pregnancies with positive
results will be: ) .

F (6) + i f(x.Fl A;Z>.x

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jech.bm
j.com

/
J E

pidem
iol C

om
m

unity H
ealth: first published as 10.1136/jech.36.2.87 on 1 June 1982. D

ow
nloaded from

 

http://jech.bmj.com/


Estimating an individual's risk of having a fetus with open spina bifida

where p is the correlation coefficient of values from
the same person taken two weeks apart,

00

F(y) =f f(z)dz and f(z) is the standard Gaussian
y

ordinate.
The detection rate of open spina bifida is calculated
similarly.
For table 8 we used a computational

approximation to this formula and assumed
,8 = 5 for policies C, D, and E. Values for a,

and y were derived using the parameters
in table 1; p was estimated from
/ (residual variance . total variance) ; and the
distributions of random assay errors and
within-person fluctuations were shown to fit a log
Gaussian distribution using the method of (3) above.
We may have slightly underestimated the benefits

of repeat testing because we did not take account of
haphazard outlying values that were excluded, as
described above, in deriving the estimates of the
components of variance. Such outlying values occur

infrequently, however, and the proportion of
unaffected pregnancies with positive results for
policies B-H should be reduced by at most 10%.

Requests for reprints to: Dr N J Wald, ICRF Cancer
Epidemiology and Clinical Trials Unit,
University of Oxford, Radcliffe Infirmary,
Oxford OX2 6HE.
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