LETTER TO THE EDITOR
Regarding ‘‘Meta-analysis and Causal Inference: A Case Study of Benzene
and Non-Hodgkin Lymphoma’’: An Incomplete Analysis
Dear Editors:
This Journal recently published an article by Douglas Weed
(1) dedicated to criticizing our meta-analysis, which identified evidence of a causal association between non-Hodgkin
lymphoma (NHL) and benzene and between NHL and
petroleum refinery work (2). The whole of Weed’s article
is devoted to criticizing our paper, although under the
pretext of using our work as a ‘‘case study’’. Although we
appreciate Weed’s interest in our paper, his major points
are either incomplete or incorrect.
Weed suggests that meta-analysis can only play three
roles in evaluating causal inference: increased precision,
evaluations of heterogeneity, and publication bias. But
meta-analysis involves so much more. For example, our
meta-analysis involved an extensive literature search, evaluation of hundreds of studies, and quantitative or qualitative
evaluations of precision, magnitude of effect, heterogeneity,
biologic plausibility, healthy worker effect, confounding,
multiple sensitivity analyses, publication bias, review of
comparable work.and so on. Many other meta-analyses
have quantitatively assessed dose-response (3), chance (e.g.,
p values), latency (4), effect modification (5), biologic plausibility (6), temporality (7), outcome misclassification (8),
exposure misclassification (9), diagnostic bias (10), recall
bias (11), selection bias (12, 13), confounding (14), funding
source (15), and many of the other elements of causal inference. We don’t claim that every meta-analysis does all
things. However, the suggestion that the process of metaanalysis is limited to the three things described by Weed is
incorrect and even inconsistent with some of his previous
statements (16).
Weed states that because of a ‘‘lack of consistency (by
which he means statistically significant heterogeneity),
weak associations, no evidence of dose-response, no effort
to provide an assessment of biological plausibility, and no
new epidemiological evidence’’ we should not have
concluded that the elevated relative risks we identified
provide ‘‘further evidence that benzene exposure causes
NHL’’. However, his review of each of these factors is wrong
or incomplete. For example, it is implied that because our
meta-analyses of NHL and refinery work involved statistically significant tests for heterogeneity, the data are inconsistent and ‘‘combining them was not warranted’’. However,
numerous authors have warned against over-interpreting
these tests (14, 17). In Weed’s own words from a previous
article, ‘‘statistical heterogeneity.need not preclude
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a conclusion of consistency’’ (16). In our meta-analysis, as
in every meta-analysis of observational data, the studies
are a mix of study designs, populations, time periods, lengths
of follow-up, exposure and outcome assessment methods,
statistics, researchers, funding sources, and so on. Given this
broad mix, one should expect statistical heterogeneity and
maybe even be surprised when it isn’t there. If we arbitrarily
decide that only studies meeting imperfect statistical criteria
can be summarized, many true effects will be missed. A truly
thoughtful and complete interpretation of consistency
should acknowledge the fact that different epidemiologic
studies really are different. As an aside, although our refinery
work–NHL results involve statistical heterogeneity, none of
our benzene-NHL results did. As such, by Weed’s standards,
all of our benzene-NHL results meet his key causal criteria of
consistency.
In his Table 2, Weed highlights the point that clear doseresponse relationships are not seen in the individual studies
included in our meta-analysis. But, the largest study with the
highest average exposures, Hayes et al. (18), did report
statistically significant dose-response trends for average
exposure, exposure duration, and cumulative exposure (all
p trends ! 0.05). Weed says two of the studies have doseresponse trends are ‘‘U-shaped’’ and one is in the opposite
direction of expectation. However, this is not true when
one takes into account the very wide confidence intervals
(CIs) in almost all strata (e.g., a 95% CI of 0.0–10.7).
Regardless, a statistically significant trend in dose-response
is not an absolute requirement for causation. Modern Epidemiology (cited several times in Weed’s article) provides
several examples that ‘‘imply that the existence of a monotonic association is neither necessary nor sufficient for
a causal relation’’ (19). Weed’s table provides another
classic example: every study had a very small number of
cases. In fact, 75% of the exposure strata had four or fewer
cases. Using the National Cancer Institute’s Power Program,
it can be seen that all of these studies had very poor statistical power to identify dose-response trends (20).
Weed asserts that the relative risks (RRs) we reported are
low and therefore could be due to confounding. First, we
don’t agree that an RR of 2.26 (p Z 0.002), which we estimated for high exposures, is low. Second, although low RRs
can be due to confounding, they can also represent true
effects. Third, a thoughtful evaluation of confounding
would provide some idea of what the confounder might be
and provide at least some evidence that it is strongly enough
related to benzene and to NHL to cause the effects
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identified. If Weed has evidence that the confounder is
toluene, styrene, or another solvent, then refineries may
want to reduce their workers’ exposures to these agents. If
it’s an unknown mystery confounder, then the likelihood
that an unknown mystery confounder could cause an RR
greater than 2.0 should be discussed. Although Weed did
not do any of this, we did, and found it unlikely.
Weed implies that we provide only ‘‘a single unreferenced sentence’’ on biologic plausibility. However, most of
the fifth paragraph of the discussion section in our paper
and much of our companion article (cited several times by
Weed) discusses biological plausibility (21). Weed also
states that we provide no new evidence. However, our
meta-analysis was the first to quantitatively assess high
exposure groups, the first to include analyses of both benzene
exposure and refinery work, and the first to quantitatively
evaluate the healthy worker effect. Since none of this was
published before, all of it is new evidence.
Two other points: first, Weed suggests that the healthy
worker effect had little impact on our results, but these
adjustments increased some excess RRs by 70% to 100%.
Second, in his Table 1, Weed implies that our conclusion
is wrong because it is inconsistent with the conclusions of
some other reviews. Is this now a popularity contest, based
simply on a tally of votes? Did all of these reviews quantitatively assess high exposures, the healthy worker effect, and
all of the other aspects of causal inference we assessed?
No, they did not. In fact, three provide fewer than four sentences on the subject of benzene and NHL (22–24), and four
don’t even include the word ‘‘benzene’’ in the review at all
(25–28).
In conclusion, all of Weed’s major points regarding our
meta-analysis involve incomplete or inaccurate evaluations
of the issues. Although causal inference for exposures resulting in high relative risks does not require meta-analysis, the
meta-analysis process provides a vital tool as we seek to make
inference about exposures which create smaller increases in
risks. We have been teaching this for many years in our
course at the University of California, Berkeley, School of
Public Health, titled ‘‘Causal inference and meta-analysis’’.
Finally, we note that Weed’s acknowledgement section
states that financial support came from an innocentsounding organization called the CONservation of Clean
Air and Water in Europe (CONCAWE). Although not
stated in Weed’s article, CONCAWE was established by
refinery companies and ‘‘full membership is currently open
to companies that own crude oil refining capacity’’ (29). A
letter to the editor in this Journal in 2006 aptly made the
point that, ‘‘Too often, data reanalyses and reinterpretations
are attempts to manufacture uncertainty, a strategy used by
polluters and manufacturers of dangerous products to avoid
or delay regulation and civil liability’’ (30). Although we
believe that we have addressed all points of substance in

Weed’s criticisms, we also believe that readers need to be
aware of funding sources when they see literature published,
which suggests that there is no causal evidence, just an
association.
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