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have selected a single model a priori, often on the basis
of very weak epidemiological data, and have confined
linkage analyses exclusively to evaluations assuming
this model. The suggested advantage of this approach
lies in avoiding concerns about inflation of the LOD
score because of "multiple comparisons."
We acknowledge, as discussed in our paper, that ad-

justment of P-values associated with LOD scores ob-
tained after testing multiple analytical models is no sim-
ple matter. However, despite this disadvantage, we very
strongly advocate the testing of a wide range of alterna-
tive models varying both disease classification defini-
tions and disease locus parameters. We view such analy-
ses as exploratory in nature and accept that definitive
evidence of a gene responsible for a highly complex and
heterogeneous disorder will therefore almost certainly
require replication using independent data. The inde-
pendent data could consist either of additional infor-
mation obtained from the original collection of pedi-
grees by using additional markers located in the
candidate region to increase net marker informative-
ness close to 1.0 or of replication using another collec-
tion of families. We favor the exploratory data analysis
strategy, because we fear the negative consequences of
failing to detect a true linkage more than we do the
chance of temporarily pursuing a false-positive LOD
score generated as an artifact of multiple analyses. Our
exploratory analysis strategy is exemplified in our re-
cently reported linkage studies of schizophrenia (Su et
al. 1993) and early-onset periodontitis (Hart et al., in
press). In both studies we searched for linkage by using
12 different models while also allowing for the possibil-
ity of locus heterogeneity.
With respect to the other point raised by Hodge et

al., in which they question our assertion that phenoco-
pies are quite rare in high-density pedigrees (MacLean
et al. 1993a, p. 355), we both agree and disagree. It
seems that the answer depends on precisely what kind
of "high-density" pedigree is considered. We do not
question the validity of the interesting data presented
by Durner et al. (1992) which clearly indicate that,
under some sampling schemes, intrafamilial disease
locus heterogeneity may often occur. However, their
sampling strategy resulted in very high levels of intrafa-
milial heterogeneity only if more than five affected indi-
viduals were required from each family, which conse-
quently led to affected individuals being distributed as
first-, second-, and third-degree relatives. In contrast,
we have explored levels of intrafamilial heterogeneity
for nuclear families consisting of six siblings, with three
affected (MacLean et al. 1993b). For such samples, two

disease loci (both dominant and with equal allele fre-
quencies and with penetrance of 80%) virtually never
segregated in the same family if they act independently.
Intrafamilial disease locus heterogeneity occurred at
high levels only for models with very strong epistasis, as
would be expected.
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Is MoM Bashing Justified?
To the Editor:
Recently, Bishop et al. (1993) suggested that it is inap-
propriate to use multiples of the median (MoM)
for interpreting maternal serum alpha-fetoprotein
(MSAFP) measurements. This prompted us to reexam-
ine this issue once again.

Bishop et al. conclude that SDs of MSAFP measure-
ments differ by gestational age at 15-19 wk. This does
not agree with data from our laboratory. Table 1 shows
a similar analysis for 9,126 initial serum samples from
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Table I

Population Parameters for MSAFP Measurements, by Completed Week of Gestation,
Before and After Outliers Are Trimmed

Gestational Median Trimmed
Age MSAFP No. of SD No. of SD

(completed wk) (lU/ml) Pregnancies (log1o) Outliersa (loglo)b

15 .............. 26.9 903 .202 4 .194
16 .............. 29.4 4,265 .185 6 .181
17 .............. 34.0 2,526 .177 2 .175
18 .............. 38.0 898 .180 1 .175
19 .............. 43.0 371 .189 2 .176
20 .............. 49.2 163 .220 2 .181

a Seventeen observations were trimmed (6 values >250 1U/ml and 11 values <5 lU/ml).
b By Levene's test for equal variances (F=1.66; df=5, 9103; P=.14).

women with unaffected singleton pregnancies screened
at the Foundation for Blood Research and published
elsewhere (Haddow et al. 1992). Prior to trimming, the
SDs are significantly higher at both 15 and 20 wk gesta-
tion than at 16-19 wk. After trimming 17 of the most
extreme values (<0.2%), only slight variability remains
in the SDs, there is no apparent trend, and the differ-
ences are not statistically significant. Extreme values
such as those trimmed are known to be associated with
fetal death, multiple gestations, and badly misdated
pregnancies. Bishop et al. may not have trimmed their
data. Inclusion of outliers could distort the SDs, espe-
cially when there are relatively few observations.

Bishop et al. show a probability plot of MSAFP levels
at 16 wk gestation. They conclude that the data fit a
log-Gaussian distribution only between the 3d and 98th
centiles. Figure 1 displays the 4,265 MSAFP measure-
ments at 16 wk gestation in the present data set. Over-
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Figure I Expected vs. actual distribution of MSAFP measure-

ments in 4,265 singleton pregnancies at 16 wk gestation, under a

log-Gaussian distribution.

all, our fit is better, extending between the 1st and 99th
centiles. The deviation from the log-Gaussian distribu-
tion in extreme centiles for both data sets can be dealt
with by the current standard practice of using trunca-
tion limits for the MoM values (Palomaki and Haddow
1987; Wald et al. 1992).
The authors conclude that "mixing" gestational

week-specific distributions of MoM levels (with vary-
ing SDs) causes a "difference" between the observed
(3.9%) and expected (4.2%) percentage of women as-
signed an MoM of <0.5. They have not tested the sta-
tistical significance of this small difference. The 95%
confidence interval (CI) (3.5%-4.4%) of the observed
percentage includes the expected value. Thus, the "dif-
ference" is not statistically significant. Similarly, the
observed 1.4% (95% CI 1.1%-1.7%) of MSAFP levels
at or above 2.5 MoM is not different from the expected
1.2%. The expected and observed percentages at each
gestational week also do not differ beyond what can be
explained by chance.

Bishop et al. do not refer to much of the literature
that relates directly to the use of MoM in MSAFP
screening. For example, they suggest that pooling the
data in order to estimate MSAFP variance in pregnan-
cies with Down syndrome was done without consider-
ing whether the variances were equal at each gestational
week. This issue was addressed in 1984 (Cuckle et al.
1984) and again in 1987 (Wald et al. 1987). In the latter
analysis, 240 cases of Down syndrome from four pub-
lished and three unpublished data sets were stratified
by completed week of gestation. There were no statisti-
cally significant differences in the variances. As a sec-
ond example, Bishop et al. suggest that the MoM may
not be useful, because the medians (and therefore the
MoM levels) are influenced by such factors as maternal
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weight, race, and insulin-dependent diabetes. In fact, it
is currently standard practice to take these and other
factors into account in both unaffected and affected
populations (Wald et al. 1984, 1987; Cuckle et al.
1990). Any other interpretative unit (such as centiles, Z
scores, or risk) will also need to take these variables into
account.

Converting MSAFP measurements to MoM levels
has proved to be worthwhile during the past 15 years,
both in practice and for research purposes. No other
normalization methodology has been shown to be as
useful for this area of prenatal screening. The statement
by Bishop et al. (1993, p. 429) that "other statistical
methods should be sought" carries an obligation to
provide a recommended alternative for expert evalua-
tion.
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Reply to Palomaki et al.

To the Editor:
Before giving a detailed reply, we would like to stress
that, while our article appeared negative when investi-
gating the statistical properties of MoMs, we are com-
mitted to trying to find a more robust approach, since it
is our belief that advances in screening could well be
limited by the type of analyses performed; we are not
simply engaging in "MoM bashing." Our paper was
primarily written to clarify the assumptions that are
needed for MoM analyses to be justified and not to
imply that such assumptions could never be met. For
the record, we would agree with the authors that the
MoM approach has helped advance a better under-
standing of screening for Down syndrome over the past
15 years, but we also believe that constant reassessment
of current techniques, both biochemical and statistical,
is necessary if the momentum is to be maintained.
The authors offer a reason as to why our SDs of

log(MoM) might be different. Our data were derived by
using ultrasound measurements based on BPD. The
data were screened for fetal death and multiple gesta-
tions. Unexplained outliers were also removed, this ac-
counting for 0.09% of the original data set. We think
our data are as clean as possible, and consequently the
derived estimates should be realistic summary mea-
sures. One of the reviewers of our paper also raised the
point about testing the significance of the variation in
our SD values. To answer the question, we performed a
formal statistical test and found that the variation was
highly significant. We argued that the result of this test
should not be included in our paper, since it may have
encouraged readers to believe that we were suggesting
that a linear trend in the SDs was present in all data sets.
We did not wish to give this impression, since, while the
data set that we had used seemed to indicate this, we
had seen other data sets with other patterns, including a
smoothly curved profile as indicated by Palomaki et
al.'s own data. We find the preponderance of these


