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A B S T R A C T

The results of a large 2-year bisphenol A (BPA) rat study conducted by the NTP, called the CLARITY-BPA Core
Study, were recently released. This study addressed some of the toxicological issues associated with BPA, in-
cluding endocrine disruption and non-monotonic dose responses (NMDR). The study involved oral gavage
treatment of rats to BPA at doses of 2.5–25,000 μg/kg-bw/day. To address NMDR, the 81 statistically significant
findings (based on the primary statistical tests) from the Core Study were evaluated using a recently published
methodology that relies upon six checkpoints to determine if there is evidence for a NMDR. Failure to meet the
majority of the checkpoints indicates limited evidence of NMDR. The analysis found that only 2 of the 81
findings met at least 5 of the checkpoints: an increase in percent basophils in stop-dose females and decreased
total bile acids in stop-dose males. However, these findings are not concordant or consistent with those of other
BPA data. Importantly, none of the endocrine-related or reproductive endpoints fulfilled at least 5 of the
checkpoints. This analysis found limited evidence for NMDR associated with BPA treatment in the study. These
results are consistent with the conclusions reached in the Core Study report.

1. Introduction

Bisphenol A (BPA) is a high production volume industrial chemical
used as a monomer in the production of polycarbonate plastic and
epoxy resins that have broad applications in consumer products, in-
cluding medical devices and storage containers for foods and beverages
(NTP, 2018). While the toxicity of BPA has been extensively studied,
the conclusions derived from animal and human exposure studies have
been scientifically debated. Safety assessments conducted by multiple
regulatory agencies have concluded that current exposure levels of the
general population via dietary exposure are low (< 0.5 μg/kg bw/day)
and do not pose significant risks to human health (EFSA, 2015; FDA,
2014a; b; Health Canada, 2012). However, others have concluded that
the overall weight of evidence from BPA studies indicates that BPA is
likely a human health hazard (Gore et al., 2015; Richter et al., 2007;
Rochester, 2013; Welshons et al., 2006; Zoeller et al., 2012); this con-
clusion is based on various effects observed in animal studies with BPA
treatment (often related to endocrine disruption) and epidemiological
associations of urinary BPA levels with a variety of adverse human
health outcomes.

Some researchers have further suggested that BPA exhibits a non-
monotonic dose-response (NMDR) (e.g., Vandenberg, 2014; vom Saal
et al., 2007). For example, increased mammary gland adenocarcinomas

following BPA treatment have been suggested to exhibit a NMDR
(Acevedo et al., 2013; Jenkins et al., 2011). A NMDR is characterized by
a change in the slope of the dose-response curve across the range of
doses examined and is defined mathematically by a response where the
slope of the curve changes sign from negative to positive or positive to
negative somewhere between the low and high doses (Kohn and
Melnick, 2002). In the case of certain essential vitamins, for example,
toxicity is associated with both extremely low doses (where essential
levels are not being met) as well as at extremely high doses. The po-
tential for low dose effects is particularly important for risk assessment.

In an attempt to address and resolve some of the questions sur-
rounding the toxicology of BPA, including its possible role in endocrine
disruption and the potential to induce NMDRs, a two-year repeat-dose
rat study of BPA (the Core Study) was conducted by the Consortium
Linking Academic and Regulatory Insights on Bisphenol A Toxicity
(CLARITY-BPA). The CLARITY-BPA Core Study was a collaborative ef-
fort involving the National Center for Toxicological Research (NCTR) of
the U.S. Food and Drug Administration (FDA), the National Toxicology
Program (NTP), and the National Institute for Environmental Health
Sciences (NIEHS). It is part of a larger research program that includes
NIEHS-sponsored research conducted by academic laboratories on an-
imals or tissues received from the Core Study and in which researchers
were blinded to the doses of BPA that the animals received. The results
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of the Core Study were recently released (NTP, 2018); results from the
academic investigations were released separately and are not subject to
the analyses presented herein.

The CLARITY-BPA Core Study was conducted according to guide-
line-compliant research standards and included two arms. One involved
oral gavage exposures to Sprague-Dawley rats from the NCTR breeding
colony from gestation day 6 through the start of labor; the pups were
then directly exposed from postnatal day (PND) 1 until termination at
one or two years. This continuous-dose arm represents an in utero
through lifetime exposure to BPA. The second arm (referred to as the
stop-dose arm) was implemented to assess any effects that were due to
early exposure only. It involved exposures from gestation day 6 through
PND 21 with no further treatment until sacrifice at one or two years.
The study included five BPA-treated groups with doses of 2.5, 25, 250,
2,500, and 25,000 μg/kg bw/day administered to 61–72 pregnant rats/
dose group and then to 19–26 pups/sex/dose group for the one-year
interim sacrifice groups and 46–50 pups/sex/dose group for the 2-year
terminal sacrifice groups. As indicated by Rhomberg and Goodman
(2012), to determine whether an endocrine-disrupting chemical has
effects at low doses, it needs to be evaluated at doses relevant to human
exposures and the lowest BPA dose in the CLARITY-BPA Core Study is
in the estimated human exposure range (FDA, 2009). Because the
CLARITY-BPA Core Study included 5 doses over a large (4 orders of
magnitude) dose range, it provides a unique opportunity to evaluate
whether BPA is associated with NMDR. The study also included two
negative control groups (one per arm) as well as treatments with ethinyl
estradiol (EE2) at doses of 0.05 and 0.5 μg/kg bw/day (n=26 rats/sex/
dose group) as a positive control for estrogenic activity in the con-
tinuous-dose arm.

Many endpoints were evaluated, including body weights, litter
parameters, age at vaginal opening, vaginal cytology, hematology and
clinical pathology (interim sacrifice only), sperm parameters (interim
sacrifice only), organ weights (interim sacrifice only), and histo-
pathology (both interim and terminal sacrifices). For the purposes of
assessing statistical significance, BPA-treatment groups were compared
against the control group from the same arm only. As expected with a
study involving the evaluation of many endpoints (i.e., more than 200)
using multiple statistical tests, and because statistical significance was
assessed using a p-value of 0.05, some statistically significant findings
from the study are likely to be due to chance (Dahiru, 2008; Ogee et al.,
2014, 2015). Thus, not all observed statistically significant findings
may be treatment-related and some will be due to chance alone. Based
on the observations in the study, the final study report concluded that
“differences between BPA treatment groups, particularly below
25,000 μg BPA/kg bw/day [the high dose], and the vehicle control
group detected by the low-stringency statistical tests applied to histo-
pathology lesions, were not dose responsive, sometimes occurring in
only one low or intermediate dose group, and did not demonstrate a
clear pattern of consistent responses within or across organs within the
stop- and continuous-dose arms and the interim and terminal sacri-
fices.”

For assessing NMDRs, there are no established, agreed upon criteria.
Some researchers have suggested using standard statistical methods in
addition to visual inspections of dose-response data. For example,
Vandenberg et al. (2014) recommends evaluating NMDRs using visual
inspections and standard statistical tests for comparisons of group
means and sets a criterion for a NMDR as the”[s]tatistical analysis in-
dicates that lower doses produce an increase in response compared to
untreated controls and high doses produce a decrease in response
compared to untreated controls, or vice versa.” However, due to sam-
pling error (false positives), there will always be situations where this
criterion is met simply due to chance. Vandenberg et al. (2019) ana-
lyzed the Core Study for NMDR by counting the number of statistically
significant comparisons with the control group across the doses and
found that there were some statistically significant comparisons at
doses below the No Observed Adverse Effect Level (NOAEL). The Core

Study authors used pairwise tests to compare each of the five dose
groups to the vehicle controls for all endpoints. However, statistical
significance alone does not necessarily imply the presence of a NMDR
since unknown factors could distort the response in one of the dose
groups, leading to the detection of a statistically significant difference
at that dose. By the same note, a lack of statistical significance does not
necessarily imply the lack of a NMDR; however, we assume that true
NMDR are more likely to include a statistically significant finding
(groupwise or trend) than not. For this reason, and because the Varret
et al. (2018) methodology is time consuming to apply, we have limited
our application of the Varret et al. (2018) methodology to endpoints
with statistically significant findings.

A recent effort by Beausoleil et al. (2016) and Varret et al. (2018)
endeavored to develop a systematic approach for evaluating non-
monotonic effects (hereafter referred to as Varret et al. (2018)). The
research was sponsored by the European Food Safety Authority (EFSA).
The methodology described in Varret et al. (2018) for evaluating NMDR
comprises assessment of six checkpoints, including some involving
statistical analysis (comparing fits for monotonic and non-monotonic
models, an approach that is more powerful than pairwise comparisons)
and some qualitative evaluations (visual inspection of the dose-re-
sponse curve and evaluation of the number of slope changes in the dose-
response) for studies with at least five dose groups. Varret et al. (2018)
suggest researchers consider a meta-analysis of the available data on a
specific substance and endpoint when a dataset fulfills at least five of
the six checkpoints.

The current paper applies the Varret et al. (2018) methodology to
analyze all endpoints where the primary statistical analysis in the
CLARITY Core Study indicated statistical significance. Endpoints that
fulfilled at least five of the six checkpoints were also evaluated herein
for biological concordance, consistency and plausibility, including a
comparison of the findings with results from the different arms of the
study, results from EE2 treatment, and findings from another FDA-
sponsored BPA study (Delclos et al., 2014).

The analysis of the CLARTIY-BPA Core Study data presented herein
provides an integrated statistical and biological analysis of the findings
in an effort to further elucidate the potential of BPA to induce adverse
effects associated with NMDR from exposure during development and
throughout a lifetime.

2. Materials and methods

2.1. Evaluating non-monotonicity in dose-response

The methodology proposed by Beausoleil et al. (2016) and Varret
et al. (2018) requires at least five dose groups as a threshold for a
NMDR analysis; the fitting of five dose-response models to the data,
where two of the models allow for NMDR modeling; and a follow-up
evaluation of the data and fitted models using a list of six checkpoints.
The same five dose-response models that were used by Varret et al.
(2018) to illustrate their methodology were fitted to the CLARITY-BPA
Core Study data for the endpoints showing statistically significant
findings (as listed in the CLARITY-BPA Core Study report (NTP, 2018)).
The five dose-response models are listed in Table 1. Two of the models
(NMDR1 and NMDR2 in Table 1) allow for non-monotonicity.

The models were fit in PROAST (Slob, 2002; EFSA, 2009), a soft-
ware package developed by the National Institute for Public Health and
the Environment (RIVM) and which runs in R (R Core Team, 2018).
While Varret et al. (2018) used an earlier version (version 60.1) of the
software, the current analysis uses version 65.11, which was obtained
from the software developer. Both raw data at the animal level and
summary data at the dose level can be used in the software. For the
binary endpoints, these models were fitted as Latent Variable Models
(LVM), which assume that the observed incidences originate from an
underlying continuous response that is not directly observed.

The six checkpoints proposed by Varret et al. (2018) to address
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possible non-monotonicity include.

• Checkpoint 1 - An evaluation of the goodness of fit of the two NMDR
models versus the null model; if at least one of the NMDR models is
significantly better than the null model then this checkpoint is ful-
filled.

• Checkpoint 2 - An evaluation of the goodness of fit of the two NMDR
models versus the monotonic dose response model; if at least one of
the NMDR models is significantly better than the monotonic dose
response model then this checkpoint is fulfilled.

Since lack of statistical significance in checkpoints 1 and 2 does not
necessarily imply non-existence of a NMDR relationship and statistical
significance could be due to non-random error in the data, Varret et al.
(2018) proposed the following four additional checkpoints:

• Checkpoint 3 - An evaluation of the NMDR models via a visual in-
spection of the data to determine if an apparent NMDR is due to one
or more dose groups; if it is due to more than a single dose, the
checkpoint is fulfilled, since this may imply that the non-mono-
tonicity is not due to an outlier.

• Checkpoint 4 - An evaluation of the effect sizes in both directions; if
the effect sizes are both greater than 5%, the minimum benchmark
dose response recommended by EFSA (2009), the checkpoint is
fulfilled.

• Checkpoint 5 - An evaluation of the steepness parameters in the
NMDR models; if these parameters are within the range of 0.25–4
that was shown to be biologically plausible by Slob and Setzer
(2014), the checkpoint is fulfilled.

• Checkpoint 6 - A visual inspection of the fitted model; if the ap-
parent NMDR has no more than two directions, the checkpoint is
fulfilled, since a dose-response in more than two directions may be

due to non-random errors.

2.2. Data used in the analysis

The summary data for the outcomes identified in Table 1 of the
CLARITY-BPA Core Study report as showing statistically significant
treatment effects for BPA relative to vehicle controls in the primary
statistical analyses were extracted from the NTP report tables. Specifi-
cally, for continuous outcomes (i.e., organ weights, hematology, and
clinical chemistry endpoints), the number of animals, mean, and stan-
dard error of the mean (SEM) for each dose group were extracted from
the report tables. The exceptions were for albumin and % basophils,
where the rounded SEM was reported as “0” in the report. In these
cases, the unrounded SEM was calculated from the raw data. For the
binary endpoints (i.e., for the neoplastic and non-neoplastic lesion
outcomes), the number of animals and lesions per dose group were
extracted from the report tables.

2.3. Implementation of the methodology

The five models were first fitted in PROAST using the default start
values. The estimated parameters, the log-likelihood, Akaike informa-
tion criterion (AIC), and a convergence indicator were saved for each
outcome, together with graphical summaries of each model. The fitted
models were then reviewed to confirm that they converged. Models that
did not converge were re-run iteratively by changing the start values
until they converged, and the models were then saved. The graphical
summaries were reviewed to confirm via visual inspection that the
models fit the data. When the visual inspection indicated that the curve
could potentially be improved, the models were re-run until the curve
provided a good visual fit to the data. This was necessary because the
NMDR models being fitted to the data have more parameters (6 or 7)

Table 1
Statistical models fitted to the data.

Name Equation Model number in PROAST

Full model y= group means E11
No DR (null model) =y a E1
MDR: 4 parameter exponential

= ⎡
⎣⎢

− − ⎤
⎦⎥

−y a c (c 1)e bxd E5

NMDR1: 6 parameter double exponential
= ⎧

⎨⎩
⎡
⎣⎢

− − ⎤
⎦⎥

⎡
⎣⎢

− −− −y a c (c 1)e c (c 1)e1 1 (x/b1)d
2 2 (x/b2)d

]}
E21

NMDR2: 7 parameter double exponential
= ⎧

⎨⎩
⎡
⎣⎢

− − ⎤
⎦⎥

⎡
⎣⎢

− −− −y a c (c 1)e c (c 1)e1 1 (x/b1)d1
2 2 (x/b2)d2]}

E33/E27 (continuous/quantal)

DR, dose-response; MDR, monotonic dose-response; NMDR, non-monotonic dose-response

Table 2
Checkpoint list.

Description Method used to determine if the checkpoint is met

Checkpoint #1: Does at least one NMDR model fit significantly better
than the null model?

Likelihood ratio (LR) test of models 21 and 33 (or 27 in the case on quantal data) vs. the null model. A
p-value of 0.05 is used. If the LR test is non-significant, the non-monotonicity maybe due to random
sampling error.

Checkpoint #2: Does at least one NMDR model fit significantly better
than the MDR model?

Likelihood ratio test of models 21 and 33 (or 27 in the case of quantal data) vs. the MDR model (model
E5). A p-value of 0.05 is used. If the LR test is non-significant, the non-monotonicity maybe due to
random sampling error.

Checkpoint #3: Does the (visually) apparent NMDR depend on a single
dose group (which might be an outlier)?

As described in Varret at al. (2018), this checkpoint is evaluated by drawing a smooth monotonic
curve (or horizontal line) that passes through as many confidence intervals (CI) around the observed
responses as possible. When that number was above one, then this checkpoint was considered fulfilled.

Checkpoint #4: Are the effect sizes in both directions of the NMDR
higher than 5%?

Fig. 1 extracted from Beausoleil et al. (2016) illustrates this checkpoint. The curve of the fitted NMDR
model had to have at least 2 directions for this checkpoint to be considered fulfilled.

Checkpoint #5: Is the steepness of the DR curve within the range of
biologically plausible/realistic DR shapes?

The steepness of the curve is measured by the “d” parameters. “d” parameters that fall in the [0.25–4]
range are considered biologically plausible and indicate that this checkpoint is fulfilled.

Checkpoint #6: Does the apparent NMDR consist of two directions? This checkpoint was evaluated by drawing a smooth curve with the minimal number of directions
needed to hit all the confidence intervals around the observed responses, and then counting the
number of directions. If the number of directions was 2, the checkpoint is fulfilled.
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than there are dose groups (5), thus potentially resulting in different
curves with the same log-likelihood. The fit of the curves was in-
dependently reviewed by two authors (LB and CS) and any dis-
crepancies resolved by mutual agreement.

The methodology used to determine if the six checkpoints were met
for a given outcome is summarized in Table 2. Checkpoints 3, 4, and 6
were evaluated independently by two authors (LB and CS), and any
inconsistencies were resolved by a further review by both authors.
Additional information on the checkpoints and the associated rationale
are available in Beausoleil et al. (2016) and Varret et al. (2018).

Based on the recommendations of Varret et al. (2018), any end-
points that met at least 5 of the 6 checkpoints were further examined for
biological concordance and, consistency by examining these in com-
parison with outcomes for related endpoints and across different
treatment arms, findings associated with EE2 treatment, and findings
reported in another FDA/NCTR BPA study (Delclos et al., 2014).

3. Results

Eighty-one (81) endpoints were evaluated: 57 for which a statisti-
cally significant trend test had been reported in the CLARITY-BPA Core
Study, 24 for which statistically significant differences from control had
been reported for one or more BPA-treatment groups but without a
significant trend test, and 16 for which both a statistically significant
difference from controls and a significant trend had been reported.

Table 3 presents the number of outcomes fulfilling each of the six
checkpoints; a listing of each of the 81 endpoints assessed and the
specific checkpoints fulfilled for each can be found in Supplementary
Table S5. Two checkpoints were more likely to be fulfilled than the
other four checkpoints. These were Checkpoint 4, which evaluates
whether effect size was greater than 5% and Checkpoint 6, which as-
sesses whether the apparent NMDR consists of exactly two directions.
Checkpoints 1 and 2, which evaluate the goodness of fit of the NMDR
models versus the null model and monotonic dose response model,
respectively, were fulfilled by a relatively small number of endpoints
(10 for Checkpoint 1 and 15 for Checkpoint 2). Checkpoint 3, which
evaluates whether more than one dose group is responsible for the
apparent NMDR, was fulfilled by three of the endpoints only. Check-
point 5, which evaluates the biological plausibility of the steepness of
the DR curve, as measured by the “d” model parameters, was met by
eight endpoints only.

As discussed by Beausoleil et al. (2016) and Varret et al. (2018), the
evidence for a NMDR increases as the number of checkpoints fulfilled
increases. Neither Beausoleil et al. (2016) or Varret et al. (2018) report
the minimum number of checkpoints that should be met, although
Varret et al. (2018) indicates that when all six checkpoints are fulfilled,
the datasets “could be considered as providing evidence for NMDR”.
Varret et al. (2018) further state that “A future perspective could be to
perform a meta-analysis of (additional) substance- and endpoint-spe-
cific data of DR datasets fulfilling six or five checkpoints.” Hence, we
decided a priori to use at least five of six checkpoints as a cut-off for
further analysis.

Of the 81 evaluated endpoints, only two endpoints met at least five
of the six checkpoints. These were % basophils at the 1-year time point
in the stop-dose arm for females, which met all six checkpoints, and
total bile acids at the 1-year time point in the stop-dose arm for males,
which met all checkpoints except Checkpoint 3, which evaluates whe-
ther the apparent NMDR does not depend on a single dose group.
Importantly, none of the endocrine-related or reproductive endpoints
fulfilled at least 5 of the 6 checkpoints, including mammary gland
adenocarcinoma, which has been discussed in recent assessments of
potential NMDR effects for BPA (Acevedo et al., 2013; Jenkins et al.,
2011). While significantly increased mammary gland adenocarcinomas
were observed at the lowest dose in the stop-dose arm female rats at
2 years, this endpoint only met two of the six checkpoints, namely
Checkpoint 4 which evaluates whether the effect size was>5%, andTa
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Checkpoint 6 indicates that the apparent NMDR consists of exactly two
directions.

The % basophils at the 1-year time point in the stop-dose arm fe-
males met all six checkpoints. However, a corresponding change in total
basophils or other white blood cell parameters was not observed
(Table 4), and the increase in % basophils was very slight (from 0.1% in
controls to a maximum of 0.3% in the 250 μg/kg bw/day dose group). A
similar change in the % basophils also was not observed in males or in

the other BPA-treatment arm (which experienced a longer duration of
BPA exposure that extended beyond that of the stop-dose arm animals).
Further, no change in total basophils or % basophils was found with the
positive control, EE2 treatment (NTP, 2018).

Total bile acids at the 1-year time point in the stop-dose arm males
met five of the six checkpoints. A decreasing trend was seen in males of
both treatment arms (Table 5). This was the only clinical chemistry
endpoint related to the liver that was altered in male rats; further, this
endpoint was not significantly altered by BPA treatment for females in
either treatment arm or with EE2 treatment.

4. Discussion

The CLARITY-BPA Core Study final report concludes that “differ-
ences between BPA treatment groups, particularly below 25,000 μg/
kg bw/day, and the vehicle control group detected by the low-strin-
gency statistical tests applied to histopathology lesions, were not dose
responsive, sometimes occurring in only one low or intermediate dose
group, and did not demonstrate a clear pattern of consistent responses
within or across organs within the stop- and continuous-dose arms and
the interim and terminal sacrifices.” The evaluation presented herein
provides additional analysis of these data, beyond that provided in the
CLARITY-BPA Core Study report, using the methodology developed by
Beausoleil et al. (2016) and Varret et al. (2018) to assess potential
NMDR.

BPA is often cited as a substance linked to NMDR and low-dose
responses (Vandenberg, 2014; vom Saal and Hughes, 2005). While the
results have been mixed, recent reviews of the scientific literature by
regulatory authorities concluded that oral exposure BPA studies in ro-
dent models only rarely display endpoints with NMDR and the effects
either lack reproducibility or are likely due to chance (EPA, 2013) and
that the available data do not provide evidence that BPA exhibits a
NMDR for critical endpoints (EFSA, 2015). The results of the CLARITY-
BPA Core Study, because of its incorporation of five BPA-treatment
groups, offer a unique opportunity to further evaluate the potential of
BPA to induce NMDR.

Only two statistically significant endpoints from the CLARITY-BPA
Core study met at least 5 of the 6 checkpoints, including % basophils at
1 year in the female stop-dose arm (met all 6 checkpoints) and total bile
acids for males at 1 year in the stop-dose arm (met 5 of the 6 check-
points). All other endpoints examined in this analysis met less than 5 of
the checkpoints.

From a biological standpoint, elevated basophils could indicate a
possible myeloproliferative disorder, chronic inflammation, or hy-
pothyroidism (Healthline.com, 2018). However, there is no evidence to
suggest any of those occurred in the stop-dose females. Further, as
mentioned above, there was no corresponding change in the total ba-
sophil counts, no other white blood cell findings that were significantly

Table 4
Total and % basophils at the 1-year time point in stop-dose arm females (mean ± S.E.M.).

BPA (μg/kg bw/day) 0 (Vehicle) 2.5 25 250 2,500 25,000

Basophils, 103/mm3 0.01 ± 0 0.01 ± 0 0.02 ± 0 0.02 ± 0.01 0.01 ± 0 0.01 ± 0
% Basophils 0.1 ± 0a 0.2 ± 0 0.2 ± 0 0.3 ± 0.1 0.1 ± 0 0.1 ± 0

a Significant trend, p < 0.05.

Table 5
Total bile acids (μmol/L) at the 1-year time point in males (mean ± S.E.M).

BPA (μg/kg bw/day) 0 (Vehicle) 2.5 25 250 2,500 25,000

Stop-dose 36.4 ± 3.1a 34.6 ± 3.2 25.0 ± 2.7a 32.6 ± 6.5 33.7 ± 4.3 35.0 ± 2.5
Continuous-dose 32.8 ± 2.7a 33.3 ± 4.1 32.5 ± 2.4 35.8 ± 3.4 42.0 ± 4.7 28.1 ± 2.7

a Asterisks in the vehicle column indicate a significant trend (p < 0.05), while asterisks in BPA dose group columns indicate significant differences in pairwise
comparisons to the vehicle group.
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Fig. 1. Mean %basophils in stop-dose arm females with rounded values.

Fig. 2. Mean %basophils in stop-dose arm females with raw, unrounded values.
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altered in the stop-dose females, and treatment with EE2 did not induce
basophil count changes. Additionally, the statistical difference for this
endpoint is an effect of the reporting precision of one decimal place.
The individual animal data range from 0% to 2.2%. The 2.2% value is
an outlier (beyond 1.5 times the interquartile range in a boxplot) for
stop-dose females; the next highest value is 0.5%. The mean values for
all groups were 0.1%, 0.2%, or 0.3%. The authors could have reported
average values with two decimal places, but elected to keep the re-
porting at one decimal place consistent with the individual animal data.
Thus, one should be cautious in interpreting differences between 0.1%
and 0.2%, or 0.2% and 0.3%. The distortion resulting from the re-
porting precision of one decimal place is particularly evident in the
stop-dose arm. The difference between the control group and the lowest
dose group is 0.1% in the Core Study report. However, based on the
individual animal data, the mean of the control group is 0.145%
(rounded down to 0.1% in the report) and the mean of the lowest dose
group is 0.182% (rounded up to 0.2%). Calculated in this manner, the
difference is only 0.037% instead of 0.1% as tabulated in the report.
Similarly, the two highest dose groups are reported at 0.1%. The actual
values are 0.130% (2,500 μg/kg bw/day) and 0.126% (25,000 μg/
kg bw/day). When the unrounded means and associated standard errors
were used in PROAST and the resulting NMDR models were re-eval-
uated, only three of the six checkpoints in Varret et al. (2018) were
satisfied, namely checkpoints 4, 5, and 6.

Further, if the 2.2% value in the 250 μg/kg bw/day dose group is
omitted as an outlier, the mean value in the group would be reduced
from 0.252% to 0.164% and the rounded values from 0.3% to 0.2%.
When the means are calculated without rounding and the one clear
outlier removed, the dose-response no longer appears to show any
features indicative of non-monotonicity. Fig. 1 shows the dose-response
with rounding and Fig. 2 shows the dose-response with raw unrounded
values and the outlier in the 250 μg/kg bw/day group removed. The
non-monotonic features are substantially dampened using the raw un-
rounded data such that the confidence intervals for the group mean
values overlap for all dose groups. Thus, based on an evaluation of the
individual animal data and the lack of other data to indicate that the
finding is biologically relevant, it is highly likely that the increasing
trend for % basophils in BPA stop-dose females was incidental and not
treatment related or adverse to the animals.

For the endpoint of total bile acids in males at 1 year in the stop-
dose arm, the NMDR fit appears to show a depression in total bile acids
at the middle doses only. Total bile acids for males in the continuous-
dose arm also showed a significant trend, but this endpoint only met
two of the Varret et al. (2018) checkpoints. The relevance of the trend
in decreased bile acids in males from both BPA treatment arms is un-
known. A reduction in bile acids was also observed in males at the high-
dose (300,000 μg/kg bw/day) in a previous 90-day FDA-sponsored BPA
study (Delclos et al., 2014). However, it is important to note the large
difference in the high dose levels between that study (300,000 μg/
kg bw/day) and the Core Study (25,000 μg/kg bw/day). An increase,
and not a decrease, in bile acids typically indicates liver toxicity
(Chiang, 2013; Luo et al., 2014); therefore, the biological relevance of
the reported reduction in bile acids, if any, is unclear. Further, this was
the only clinical chemistry endpoint related to the liver that was altered
in male rats in the CLARITY-BPA Core Study. This strongly suggests that
the findings for bile acids were spurious.

Recent publications have reported increased mammary gland ade-
nocarcinomas with BPA treatment (Acevedo et al., 2013; Jenkins et al.,
2011). Further, this finding has been suggested to exhibit a NMDR in
some publications. In our analysis, increased mammary gland adeno-
carcinomas observed at the lowest dose in the stop-dose arm female rats
at 2 years met only two of the six Varret et al. (2018) checkpoints,
indicating little evidence for a NMDR.

A potential limitation of the analysis presented herein is the use of
NMDR models with more parameters than dose groups. As pointed out
by Varret et al. (2018): “the evidence for NMDR in datasets with less

than five doses can be expected to be low in general.” While the current
analysis is of a dataset with five doses, over-parameterized models are
used to estimate the steepness parameter “d” of the NMDR models.
However, as discussed by Varret et al. (2018), evaluation of NMDR
should not be based solely on one checkpoint but should be based on all
six checkpoints. Further, the models were run iteratively to get the best
visual fits and confirmation was determined independently by two of
the authors.

Overall, our analysis found little evidence for NMDR in the end-
points evaluated in the CLARITY-BPA Core Study. The results of this
analysis are consistent with and support the conclusions reached in the
CLARITY-BPA Core Study report. Thus, the results of this large U.S.
government-sponsored guideline-compliant study and the present
analysis should provide some resolution of the controversy related to
the toxicology of BPA.
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