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P
otential effects on the endocrine system elicited by
the weak estrogen bisphenol A (BPA) in laboratory
rats and mice are highly controversial. The increased

prostate gland weights in adult male offspring whose moth-
ers were exposed to very low doses of BPA during preg-
nancy (I) were not found by other investigators (2, 3). An
association of the low-dose effects on mouse prostate glands
of BPA based on the effects of other much more potent
estrogenic compounds with human prostatic disease has
been postulated (4). Humans are exposed to exceedingly
low levels of BPA from ingestion of canned foods and
beverages where container linings contain BPA, raising the
possibility that human health ma~ be at ris~. These discrep-
ancies in animal study data require resolution based on the
weight of scientific evidence, and, if deemed necessary,
action needs to be taken to protect human health. To deter-
mine whether exposure to BPA and other weak estrogenic
chemicals elicits detectable adverse biological effects in ro-
dents, stringent study design and careful data analysis are

nccessary.
Examination of the data presented in a recently pub-

lished paper by C. Gupta (5) raises concern regarding sta-
tistical analysis of the observations and the resulting con-
clusions. Several questions should be addressed so that the
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usefulness of the data in assessing the potential effects of
BPA as an environmentally important chemical with weak
estrogenic properties in male mouse offspring can be more
definitively determined,

The data analysis section of Gupta's article (5) states
that the data were tested by an analysis of variance
(ANOYA). However, the descriptions are insufficient as to
whether additional statistical analyses were performed. The
reader is left wondering which post-hoc test (for example,
Dunnett's, multiple r-tests, or Fisher's LSD) was used and
whether corrections were made for multiple comparisons.
The footnote in Table I states P < 0.05 (larger) or P < D.05
(smaller) when compared with the vehicle control. Deter-
mining means and then performing a one-tailed, post-hoc
statistical test based on whether a mean is larger or smaller
introduces potential bias in the statistical analysis. A closer
examination of the data in several other tables of the pub-
lication by Gupta (5) also suggests that the assumption of
homogeneity of variance, which is a prerequisite for an
ANaYA, is not met. We performed a Cochran's test for
homogeneity of variances for the anogenital distance
(AGO) measurements made on day 3 in Table I and the
prostate size data in Table III, and the outcome revealed that
the variances are not homogeneous (Ci = 0.0 I). Therefore
the question arises as to whether homogeneity testing was
done and whether the data were transformed prior to
ANOYA to account for a lack of homogeneous variances
among treatment means,

There are additional concerns about the data analysis.
When a chemical is administered to pregnant dams, the dam
has long been recognized to constitute the experimental
unit, and this practice is commonly accepted in develop-



mental toxicity studies (6, 7). Therefore, given the descrip-
tion that IS dams per group were treated, the sample size on
days 3 and 21 in Table I should be only 15, not 45 or 30,
respectively. This oversight alone makes it impossible to
draw valid conclusions from the data summary in Table I
concerning estrogenic effects of BPA and the other chemi-
cals on AGD. Additional biometry-related questions arise.
If the effects of a chemical on AGD is to be measured in the
same animal at three different time points, then a repeated-
measures ANOV A is the appropriate statistical analysis of
the data in Table I in view of the correlation among the
observations on a given animal (8). Additionally, if AGD is
normalized by body weight, then using the cube root of the
body weight eliminates the problem of overcorrection for
body size that can occur if body weight alone is used (9, 10).
However, this method may introduce errors if a linear rela-
tionship does not exist between the biological end point and
body weight or body weight function (II, 12). An analysis
of covariance (ANCOVA) with body weight as a covariate
is a better way to account for differences in AGD due to
body weight (12, 10), and a nested ANCOVA (dam within
treatment) will provide an even more precise measure. An-
other consideration in reviewing the data in Gupta's article
(5) is whether sampling one pup per litter provides a reliable
estimate for the same sex littermates, especially on postnatal
day 60. The AGD of individuals within a given rodent litter
is affected by the sex of the neighboring fetus or fetuses in
the uterine horn (13-15). Therefore variability among indi-
viduals within a litter is likely, and sampling only one pup
from a given litter may not provide a reliable estimate of
AGD for the same sex littermates. Whether sampling an
organ weight from one offspring per sex per litter provides
a reliable estimate for the litter mean is also questionable.
Simulated statistical random sampling using fresh weights
of the ventral prostate lobe of one adult male per litter from
control and chemical-exposed rat offspring showed there
was a high likelihood of reaching false conclusions con-
cerning treatment-induced effects when considerable in-
tralitter variability for the measured end point exists (16).
Thus Gupta's sampling approach could be a potential con-
founder in the AGD data in Table I and organ weight data
in Table II. While we could have used the technique of
Larson (17) to perform an ANOVA from the summary sta-
tistics shown in the article (5), we feel the author should be
able to respond to our concerns and provide more details
about those data. Further clarification will help to better
assess the relevance of Gupta's observations in the evalua-
tion of effects of prenatally induced estrogenic chemicals in
mice.
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