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positive due to confounding, eliminated through ad-Stratification for justment by stratification. However, it is clear from
the underlying data for this example, reproduced inSpontaneous Report
table I, that except in a small portion of the database,
the drug and the ADR are reported together unex-Databases
pectedly often. A very large part of the total expec-
ted count of 22.81 in the adjusted analysis comesWe thank Evans[1] for the insightful and valuable
from one specific country and time period (Canada,comments on our paper concerning the use of rou-
2000–4). This emphasizes the potential vulnerabili-tine adjustment by stratification in adverse drug
ty of adjustment by stratification to data qualityreaction surveillance.[2] Both our paper and that of
issues. In this example, routine adjustment by strati-

Woo et al.[3] consider the implications of routine
fication would have hidden a potentially important

adjustment by stratification in first pass screening of
reporting pattern present in a considerable part of

large collections of individual case safety reports
the database.

(ICSRs) and find that routine adjustment by stratifi-
Our paper[2] shows that the adjusted observed-to-cation tends to lower the number of drug-ADR pairs

expected ratio, as implemented for routine use inhighlighted as excessively reported together. Woo et
both the Empirical Bayes Geometric Mean (EBGM)al.[3] assumed that discrepancies between the adjust-
and the IC[5,6] is vulnerable to the presence of anyed and crude measures were solely attributable to
very small strata. With this type of adjustment, theeliminated confounding, and that drug-ADR pairs
stratum specific observed-to-expected ratios arehighlighted exclusively by the crude analysis were
weighted by the stratum specific expected numbersindeed false-positives. In our paper,[2] we evaluated
of events. The problem with this weighting is that itthe differences due to adjustment relative to a gold
may attribute too high weights to very small stratastandard, defined for the study as first published
for which the computed expected numbers of eventscase reports of suspected ADRs in the international
are not reliable. We agree with Evans[1] that thismedical literature, as listed in Reactions Weekly
undesirable property is not a prerequisite for the(Wolters Kluwer Health | Adis), and found that
calculation of an adjusted measure. Indeed, Gould[7]

stratification only increased the efficiency marginal-
proposed an alternative weighting by the size ofly. Similarly, Jakobsson[4] analysed the effects of
each stratum. The disadvantage of such a weightingstratification on vaccines in the WHO ICSR data-
is that it may give high weights to unreliable stratumbase, VigiBase, and found several examples where
specific observed-to-expected ratios from large stra-large discrepancies between adjusted and crude
ta in which either the drug or the ADR do not occurmeasures of association did not simply correspond
or are unusually rare.[6] Overall, we believe theto successful confounder elimination. While we
weighting by the expected number of events is to beconcur with Evans[1] that in pharmacovigilance such
preferred, on the condition that small strata areextreme examples are unlikely to be due to situa-
avoided in the stratification.tions where the clinical effects point in different

directions for different subgroups, we disagree that In our paper[2] we have shown that there is a
they are unworthy of further attention; since they theoretical basis for an over-stratification leading to
may well represent important reporting idiosyncra- decreased sensitivity, and our simulation was in-
sies. For example, in Jakobsson’s study[4] the unad- tended to demonstrate this. Figures 1a and 1b, re-
justed information component (IC) between influen- scaled from our paper,[2] show simulations based on
za vaccine and aggravated rheumatoid arthritis was random reallocation of all reports in the WHO data-
1.8 but the IC adjusted for age, country and time of base such that the same numbers of reports in each
reporting (1843 strata) was –0.6 (see table I). Ac- predefined stratum is identical to that in the real
cording to the logic employed by Woo et al.,[3] this dataset: with granular stratification (figure 1a) and
would be considered as an example of a false- with coarser stratification (figure 1b). Whatever the
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Table I. Stratum specific data for influenza vaccine and rheumatoid arthritis aggravated. All strata where either the observed or the expected
number of reports is larger than 0.5 are listed

Age, time of reporting and country of origin Observed number of Expected number of IC IC025
reports reports

45–4, 1997–9, GBR 2 0.05 2.19 –0.30

75–, 1991–3, GBR 2 0.04 2.20 –0.26

45–64, 1994–6, GBR 1 0.09 1.36 –2.35

65–74, 2003–4, GBR 1 0.07 1.41 –2.29

65–74, 1994–6, GBR 1 0.06 1.42 –2.27

75–, 1997–9, NZL 1 0.04 1.47 –2.14

65–74, 1997–9, GBR 1 0.03 1.51 –2.20

25–44, 2000–2, AUS 1 0.02 1.53 –2.18

5–14, 1991–6, NLD 1 0.01 1.55 –2.13

75–, 1994–6, SWE 1 0.01 1.55 –2.15

45–64, 2000–4, NLD 1 0.01 1.57 –2.16

Unknown, 2005–7, NLD 1 0.01 1.57 –2.16

25–44, 1997–9, AUS 1 0.00 1.57 –2.15

45–64, 2003–4, CAN 0 10.65 –4.48 –15.12

25–4, 2003–4, CAN 0 2.45 –2.56 –13.18

65–74, 2003–4, CAN 0 2.15 –2.41 –13.03

45–64, 2000–2, USA 0 1.77 –2.18 –12.84

Unknown, 2003–4, CAN 0 0.90 –1.49 –12.12

65–74, 2000–2, USA 0 0.79 –1.37 –12.02

75–, 2003–4, CAN 0 0.64 –1.19 –11.79

25–44, 2000–2, USA 0 0.52 –1.02 –11.67
AUS = Australia; CAN = Canada; GBR = Great Britain; IC = information component; IC025 = the lower bound of the 95% CI of the IC;
NLD = the Netherlands; NZL = New Zealand.

underlying causes are for the magnitude of effect, it smallest strata high. Our real-world analysis
is clear that high levels of stratification lead to less achieved this by simultaneous adjustment by coun-
sensitivity in signal detection. try of origin and time of reporting (see figure 1b)

and gave a useful result for our purposes.Our simulation study[2] was based on a ‘naive’
stratification with 34 000 strata including many very We concur with Evans’ argument from informa-
small ones. While Evans[1] commented that this tion theory that stratification should allow for im-
seemed a large number of strata to consider, we note proved screening capability, and that confounder
that Szarfman and colleagues[8,9] have suggested that detection should be a key component in the overall
the routine implementation of EBGM in Multi-item knowledge discovery process in adverse drug reac-
Gamma Poisson Shrinker (MGPS) on US FDA data tion surveillance. Using measures adjusted by strati-
should use more than 1000 strata and that such fication can certainly provide practical benefits. For
stratification is a strength of MGPS.[10,11] Previous example, Jakobsson[4] gave several examples for
work on VigiBase data has suggested that country is live oral polio vaccine where adjustment for patient
one of the most influential sources of con- age provided a more appropriate overall measure of
founding.[12-14] A combination of the standard strati- association. However, it is our view that optimal
fication used by the FDA with stratification by the first-pass screening can only be achieved in a trans-
89 different reporting countries would lead to more parent knowledge discovery framework using a
than 20 000 strata in VigiBase. That said, a funda- combination of crude, adjusted, and stratum specific
mental message of our paper is that the total number measures of association. Adjusted measures of asso-
of strata should be kept low and the size of the ciation must be transparent with regard to the choice
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Fig. 1. Adjusted vs crude observed-to-expected ratios for a random
allocation of all reports to strata, such that the number of reports in
each stratum was kept the same as when stratifying Vigibase on (a)
patient sex, patient age (eight groups), country of origin and time of
reporting (in quarterly intervals) using 34 756 strata in total; and (b)
country of origin and time of reporting (nine groups) using 315
strata in total. To avoid small strata when combining time of report-
ing and country of origin, countries with less than 100 reports were
merged and time periods were automatically merged for countries
with little or irregular reporting until each country-time stratum con-
tained at least 100 reports.
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