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Diabetes, dependence, asymptotics,

Narure Genetics recently published two
articles!? identifying susceptibility
genes for non-insulin-dependent diabetes
mellitus (NIDDM}, with subsequent com-
ments by Daly and Lander? on statistical
analyses. We appreciate the opportunity to
comment on statistical issues and inter-
pretation of these reports.

Hanis et al.! reported a Pvalue of 107 for
IBS analysis, which, Daly and Lander noted,
was too small because its calculation ignored
the dependence of sib pairs in sibships with
more than two affected. On the basis of sim-
ulations, they suggested a Pvalue of 2x107°,

Two components contribute to underes-
timation of Pvalues in the presence of such
dependencies: i) joint dependence in allele
sharing among the sib pairs in a large sib-
ship and ii) pairwise dependence. When
alleles IBD are summed over all possible
pairs in a sibship with more than two
affected, the sharing is pairwise but not
jointly independent. Hence, the mean and
variance of the sharing are the same as if
the pairs were from separate families, but
the distribution of sharing is skewed
instead of symmetric. This skewing affects
the performance of the normal approxi-
mation and uvsually leads to underestima-
tion of the P value. When alleles IBS are
tallied among all pairs in a sibship with
more than two affected, the resulting infor-
mation is not even pairwise independent,
and without proper adjustment, the vari-
ance of any test statistic on the IBS tallies
will be underestimated, leading to further
underestimation of the P value. The effect
of skewing is negligible with a large num-
ber of sibships, but the underestimation of
the variance remains. Because the data of
Hanis et al. consist of many (247) inde-
pendent sibships, skewing contributes lit-
tle to the deviation of the actual from the
reported P value, which is due mainly to
the underestimation of the variance of the
chi-squared statistic on the IBS tallies.
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Related statistical issues arise in the study
by Mahtani et al%, who report linkage
analyses of six families with the lowest
insulin secretion levels selected from an
original sample of 26 NIDDM families.
NPL scores of 4.1 and 4.2, respectively, are
obtained, depending on whether deceased
affected individuals are considered ‘affect-
ed or unknown’ The corresponding exact
Pvalues calculated by GENEHUNTER? are
5%10~*and 2x 1074, both of which are sub-
stantially higher than the originally report-
ed P value of 2x 10~ based on a normal
approximation. Such a difference between
the exact and asymptotic P values would
not arise with large sample sizes, but occurs
here because of skewing in the distribution
of NPL scores due to the small number of
families. Assessment of genome-wide sig-
nificance is not straightforward, because
with the small number of families there is
no simple rule for equating genome-wide
P values with single-test P values. Recent
simulations (M.].D. & E.S.L.) suggest that
the genome-wide significance (uncorrected
for selection of the families) is about 0.11,
rather than the 0,05 originally reported.

Mahtani et al. noted that the selection of
the six families requires additional correc-
tion of the Pvalue. A Bonferroni correction
factor of 2 to 4 was initially suggested, to
correct for choosing the highest of the
scores for the four quartiles (Z(6), Z(12),
7Z{(18) and Z(24)). Based on simulations
(M.].D. & E.S.L.), the appropriate correc-
tion factor for this selection appears to be
~2.8. A genome-wide Pvalue of .11 and a
correction factor of 2.8 yields a corrected
genome-wide significance of 0.28. A larget
correction factor may be appropriate (cor-
responding to P of 0.3-0.4), given that the
reported score is the highest for all values
Z(n), and that the removal of the first six
families with excess sharing results in a cor-
responding deficit of sharing in the unse-
lected families (1 statistic=~2.09, P<0.05).

The discussion above leads us to conclude
that i) the P value of the IBS test for
NIDDMI should be increased from 1070 to
2x107%, which still meets criteria for
genome-wide significance® (P=0.05); and
ii) the genome-wide P value for NIDDM?2
should be increased from 0.05 to 0.11
(before correction for selection). The result
does not meet criteria for genome-wide sig-
nificance for an anonymous locus, but
remains very interesting from a biological
perspective because of the evidence for link-
age in the region of the MODY3 gene,
recently identified as HNF1¢ (ref. 6), which
causes diabetes associated with low insulin
secretion.

Both findings would be strengthened by
confirmatory studies in other populations,
but the key confirmations will be biological:
the identification of mutations that increase
the risk of NIDDM. While searching for
mutations may be more straightforward for
NIDDM?2 than for NIDDM1, mutations in
HNE-1c (or related sequences) may be found
in only a subset of the six NIDDM2 families.
If so, there is no reason to expect there to be
an additional NIDDM susceptibility locus in
this region in the remaining families.
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