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The evolution of PFAS
epidemiology: new scientific
developments call into question
alleged “probable links” between
PFOA and kidney cancer and
thyroid disease

Catie Boston, Stella Keck*, Avery Naperala and Justin Collins

Roux, Burlington, MA, United States

The growing body of litigation alleging bodily injury from per- and polyfluoroalkyl
substances (PFAS) exposure has put a spotlight on the available scientific literature
regarding potential human health impacts, and the various data gaps within the
literature. This review assesses the evolution of epidemiological findings for
perfluorooctanoic acid (PFOA), a PFAS compound. In 2012, the C8 Science Panel
published a series of reports determining “probable links” for certain health outcomes
(including kidney cancer and thyroid disease); it was the first major research effort
investigating potential adverse health effects following exposure to PFOA. At that
time, there were only a handful of available studies investigating human effects
(i.e., epidemiological studies). Now, over a decade later, the epidemiological body
of literature for PFOA has grown substantially. As is the nature of evolving science,
the additional research has spotlighted important improvements in exposure
classification, confounding control, and statistical methods that strengthen more
recent scientific investigations. As the body of epidemiological literature for PFAS
health effects grows and evolves with improved methodology, the original C8
Science Panel's conclusions have not been supported by more recent investigations.
Within the context of general causation, while gaps remain in the body of research,
more recent epidemiological findings support that there is no causal relationship
between PFOA exposure and kidney cancer or thyroid disease.

KEYWORDS

per- and polyfluoroalkyl substances, perfluorooctanoic acid, PFOA, kidney cancer,
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Introduction

Per- and polyfluoroalkyl substances (PFAS) are a group of thousands of man-made
chemicals that are utilized in a variety of commercial and industrial applications (1).
Perfluorooctanoic acid (PFOA), also referred to as “C8,” is historically one of the most
extensively produced and used PFAS, with production of PFOA dating back to the 1940s (2,
3). The nickname C8 derives from the chemical structure of PFOA, which is comprised of a
seven-carbon-long perfluoroalkyl chain with a carboxylic acid group on the end that totals
eight connected carbons (4); of note, there are other PFAS with eight carbons (e.g., PFOS).
Due to their widespread use and extraordinary stability, PFAS as a group are widely distributed
and highly persistent in the environment.
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While regulatory developments regarding PFAS have dominated
the news in recent years, a growing body of litigation alleging bodily
injury from PFAS exposure is gaining momentum. The first wave of
bodily-injury litigation alleging direct exposure to PFAS from
firefighting foam has produced nearly 10,000 lawsuits filed in federal
multi-district litigation (MDL) court." It's expected that the number
of bodily-injury lawsuits alleging direct or indirect exposure to PFAS
will only grow, with the outcome of the MDL either adding fuel to the
fire or making future claims more tenuous.

With a focus on the various allegations of exposure and bodily
injury asserted by plaintiffs against a myriad of defendants, the
scientific community has become more active in recent years
investigating issues of scientific causation and examining if there is a
definitive link between exposure to PFAS compounds and disease.
This evolution of PFAS science is likely to have a profound impact on
upcoming bellwether test trials in the MDL litigation and may shape
how bodily-injury cases are adjudicated in state and federal courts
around the country. Although there are thousands of PFAS, this
review focuses on PFOA as a case-study.

Initial PFAS health effects research stems from a landmark case in
West Virginia that investigated possible links between PFOA and
certain cancers and other diseases. In February 2005, the West Virginia
Circuit Court approved a class action settlement related to releases of
PFOA from DuPonts Washington Works. A centerpiece of the
settlement was the creation of a Science Panel (the “C8 Science Panel”),
appointed by both parties, with the goal of determining whether there
was a “probable link” between exposure to PFOA and disease within
the community. In 2012, the C8 Science Panel determined that there
was a “probable link” between exposure to PFOA in drinking water and
high cholesterol, ulcerative colitis, thyroid disease, testicular cancer,
kidney cancer, and pregnancy-induced hypertension in the class. This
review focuses on research issued after 2012 specific to two of those
diseases: kidney cancer and thyroid disease. The C8 Science Panel
evaluated the epidemiological evidence available at the time (and
generated conclusions as part of the settlement), without the benefit of
current understanding of nuances of PFAS science, or the benefit of a
more mature epidemiological database.

While the focus of the C8 Science Panel was only on PFOA, the
importance of utilizing the evolving science described above holds
true for other PFAS (such as PFOS, PFHxS, PFHxA, PFNA, PFBS,
etc.). Moreover, this examination of the science highlights the
distinction and nuance between legal rulings and settlements and true
scientific causation—dispelling any assertions that legal rulings equate
to “settled science”” In this review, we examine the epidemiological
literature to assess the potential associations between exposure to
PFOA and kidney cancer or thyroid disease in order to distinguish
between legal settlements and scientific causation.

Findings of the C8 Science Panel

The 2012 C8 Science Panel, chosen jointly by parties involved in
a PFOA-specific legal settlement, was one of the first significant efforts

1 Aqueous Film-Forming Foams (AFFF) Products Liability Litigation, MDL No
2873, U.S. District Court for the District of South Carolina.
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that investigated potential health effects associated with exposure to
PFOA. Conducted from 2005 to 2013, the C8 Science Panel carried
out a series of exposure and health studies in the Mid-Ohio Valley
communities impacted by high concentrations of PFOA, or “C8” to
drinking water sources from the DuPont’s Washington Works plant in
West Virginia (36). The Washington Works facility historically
manufactured Teflon, and discharges from the plant from
approximately 1984 to 2004 impacted the Ohio River, the principal
source of public drinking water for many residents of Ohio and West
Virginia living in the vicinity of the Washington Works plant.

The studies in the C8 Science Panel were the largest
epidemiological studies of PFOA conducted at the time of
publication. From 2005 to 2006, the C8 Health Project enrolled
69,030 participants for 11 distinct epidemiological studies. In 2012,
the C8 Science Panel published “probable link” reports digesting the
results of the studies considered; a “probable link” is a determination
specific to the community involved in the settlement, and was defined
as: “given the available scientific evidence, it is more likely than not
that among class members a connection exists between PFOA
exposure and a particular human disease” (36). The Panels
conclusions were specific to high exposures of PFOA, included
studies that looked at association rather than causation, and were
determined under the context of litigation—in other words, “probable
links” were conservatively determined not using traditional general
causation methodology. Assessment of general causation includes
evaluation of biological plausibility via mechanistic toxicological
understanding, as well as consideration of toxicological investigations
of dose-response in highly exposed laboratory animals. The C8
Science Panel concluded that there was a “probable link” to PFOA
exposure for the following categories: diagnosed high cholesterol,
ulcerative colitis, thyroid disease, testicular cancer, kidney cancer, and
pregnancy-induced hypertension. The Panel did not find “probable
links” with exposure to PFOA in drinking water and the other
conditions investigated (e.g., liver disease, diagnosed hypertension,
coronary artery disease, chronic kidney disease, osteoarthritis, and
many others) (36).

Since the initial publication of the results from the C8 Science
Panel, there continues to be extensive research investigating PFOA
and PFAS generally, with an exponential increase in publications
over the last decade (5). Major regulatory and authoritative bodies
have released their own reviews regarding PFAS and their potential
health effects, including the United States Environmental Protection
Agency (USEPA), International Agency for Research on Cancer
(IARC), and Agency for Toxic Substances and Disease Registry
(ATSDR), among others. These reviews assessed scientific literature
beyond epidemiological evidence.

Since 2012, the authors from the C8 Science Panel themselves
contributed to this growing body of literature, collectively authoring
over 40 follow-up studies (36). Beyond PFOA, extensive research has
been conducted investigating PFAS as a group, as well as differences
across individual PFAS compounds. The available evidence indicates
that there are differences in toxicity depending on the specific PFAS
in question (such as relative potencies, differences in mechanism of
toxicity, differences in elimination half-life, etc.) (37). In the ideal
assessment of the potential health effects from exposure to PFAS, there
would be a distinction between exposure to individual compounds
rather than exposure to mixtures of PFAS. This is difficult in practice,
however, as the general population may be exposed to mixtures of

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1532277
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Boston et al.

different PFAS that are found in a variety of different media in the
environment (37).

In general, scientific understanding of chemicals evolves over
time as investigators explore hypotheses in different populations,
exposure settings, and experimental systems. Knowledge gleaned
from one investigation is leveraged by other scientists to refine
protocols and hypotheses related to exposure assessment and to
understand potential manifestation of disease in humans. For
example, improved environmental sampling techniques and more
sophisticated analytical tools allow for more accurate exposure
quantification, or epidemiologists may discover an important
confounder that, once controlled for, attenuates observed associations
(i.e., when other factors that can potentially explain the relationship
are included in the statistical model, the result becomes no longer
statistically significant—a potential causal relationship does
not exist).

Reproducibility of findings is one of the most important parts
of the scientific process; consistent findings across multiple high-
quality investigations is a core tenet of the weight of evidence
approach that allows for the understanding of a potential causal
relationship (e.g., Bradford Hill Criteria) (6). To establish that
exposure to an agent causes a health outcome, a variety of
evidence is used in tandem to demonstrate biological plausibility
through an evaluation of toxicokinetic studies, studies
investigating mechanistic or structural capability, and dose-
response assessments in animal bioassays. It is beyond the scope
of this analysis to describe in detail the methodology to assess
general causation, and this analysis does not attempt to perform
a general causation assessment. Rather, this review examines the
state of the art in epidemiological science regarding PFOA and
certain health outcomes and applies that evidence to distinguish
between legal rulings and settlements and epidemiological
findings supporting scientific causation. While a full general
causation analysis would incorporate mechanistic and animal
evidence, this analysis is limited to human epidemiological
studies that evaluate doses relevant to real-world exposures,
which are the most useful studies when evaluating causation.

Methodology

This narrative review evaluates epidemiological investigations of
PFOA over time to highlight the dynamic evolution of scientific
understanding. This article is not a systematic review. The review is
limited to PFOA exposure and kidney cancer and thyroid disease in
humans. Relevant studies were identified through PubMed and
Google Scholar using the search terms “PFOA” and “kidney cancer,”
“PFOA” and “thyroid disease,” “perfluorooctanoic acid” and “kidney
cancer’” and “perfluorooctanoic acid” and “thyroid disease”;
additional search terms included specific types of thyroid disease
such as “hypothyroidism” and “hyperthyroidism.” The review focused
on human studies that specifically evaluated PFOA exposure and
included effect estimates regarding kidney cancer or thyroid disease
(n=14 and n =11, respectively). Study quality is reviewed and
discussed in the review qualitatively. No formalized scoring criteria
were utilized; however, sample size, methodology, and adjustment for
confounders are all considered as described herein. Existing agency
reviews were utilized to cross-reference for critical studies.
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Evolution of epidemiological science
since the C8 Panel

To demonstrate the evolution of the PFOA epidemiological
literature, we discuss two health outcomes identified by the C8 Science
Panel as having a “probable link” with PFOA exposure: (1) kidney
cancer, and (2) thyroid disease. This review focused on two outcomes
for the sake of brevity, and because both health outcomes have been
studied extensively since the 2012 C8 Panel, whereas other outcomes
have not been studied to the same degree. As discussed below, for
some health outcomes, the more recently conducted epidemiological
studies clearly support no association despite the findings of the 2012
C8 Panel, while for other health outcomes, the evidence is equivocal.
Notably, there are important study design considerations unique to
PFAS as a group that complicate interpretation of certain studies such
as adequate control of confounders, the importance of exposure
classification, and choice of statistical methods.

Kidney cancer

In 2012, the C8 Science Panel determined that the available
epidemiologic data presented sufficient evidence to conclude that
there was a “probable link” between PFOA exposure and kidney
cancer (36). The C8 Panel considered the following studies related to
PFOA exposure and kidney cancer:

o Leonard et al. (7) is an independent mortality study conducted at
the DuPont Washington Works plant. The study reported an
elevated rate of kidney cancer mortality, but the standardized
mortality rate (SMR) did not reach statistical significance
(SMR = 1.81, 95% CI = 0.94-3.16).

o Steenland and Woskie (8) is a C8 Science Panel study that
extended the follow-up time of Leonard et al. (7). The study
authors reported increased kidney cancer mortality in the top
exposure quartile in a lagged analysis (SMR=3.67, 95%
CI = 1.48-7.57); however, the sample size of kidney cancer deaths
is small (n = 11) and may not be generalizable beyond the study
population. With all quartiles combined, there was no significant
association between PFOA exposure and kidney cancer mortality
(SMR = 1.28, 95%CI = 0.66-2.24).

« Barry et al. (9) is an investigation conducted by the C8 Science
Panel in 2012 that was later published in 2013. This study focused
on residential exposure to PFOA in drinking water for residents
that lived in the community surrounding the Washington Works
plant stratified into occupational and community groups. The
study authors reported no increased risk of kidney cancer when
looking at a lagged analysis of the whole cohort [Hazard Ratio
(HR) = 1.09, 95% CI = 0.97-1.21] or in any quartile of cumulative
PFOA exposure [Quartile 4 (Q4) HR = 1.43, 95% CI =0.76-
2.69]. In the 10-year lagged stratified analysis, there was no
increase in kidney cancer in the occupational (HR = 0.99, 95%
CI =0.67-1.46) or community (HR = 1.11, 95% CI = 0.96-1.29)
groups. An increased risk of kidney cancer was observed in the
highest quartile of PFOA exposure in the unlagged analysis of the
community group (HR = 2.04, 95% CI = 1.07-3.88); however, the
association was attenuated in their 10-year lagged analysis
(HR = 1.5, 95% CI = 0.72-3.13).
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o Vieira etal. (10) was also considered in the “probable link” report
(but was not published until 2013). This study examined serum
concentrations of PFOA among residents of multiple
communities exposed to PFOA in drinking water in the vicinity
of the Washington Works plant. Looking at the entire study
population, odds of kidney cancer diagnosis were significantly
increased in the “high” modeled serum PFOA quartile [Adjusted
Odds Ratio (AOR) =2.0, 95% CI = 1.3-3.2] and borderline
significantly increased in the “very high” modeled serum PFOA
quartile (AOR =2.0, 95% CI =1.0-3.9). In their analysis of
individual communities, however, the authors reported a
statistically significant increase in odds of kidney cancer in only
one out of six communities (Tuppers Plains; AOR = 2.0, 95%
CI=1.3-3.1).

Despite the
nonetheless concluded,

inconclusive results, the 2012 C8 panel

“For kidney cancer, the worker mortality study conducted by the
Science Panel showed a higher risk in the most highly exposed
group compared to lower exposure groups among the
workforce, but the risks were not elevated compared to the US
population. In the cohort study, there was a gradient of
increasing risk with increasing exposure but most strongly in
the analyses that included exposure up to the time of diagnosis.
When the 10 years of exposure prior to diagnosis was excluded,
the association was less evident. No association was seen in the
prospective analysis of cohort data, although the latter is limited
by small numbers. In the geographic study some results
suggested an increasing risk of kidney cancer with increasing
exposure and others did not. The science panel considers that
the excesses observed indicate a probable link between PFOA
and kidney cancer”

Since the C8 report, there have been four additional primary
studies (11-14), one pooled study (15), which combined data from
Barry et al. (9) and Shearer et al. (12), and a meta-analysis (16), not
to mention multiple review papers and studies investigating general
PFAS exposure (not specific to PFOA). The primary studies are
detailed below.

« Raleigh et al. (11) is a mortality cohort study that investigated
occupational exposure to ammonium perfluorooctanoate
(APFO) among workers at 3 M’s PFOA production plant in
Cottage Grove, MN. The authors reported no statistically
significant association between exposure and kidney cancer
when examining the total population (SMR=0.53, 95%
CI =0.20-1.16), or when stratifying exposure to high and low
groups (Q1-Q2 HR=0.38, 95% CI=0.11-123, Q3-Q4
HR =0.39,95% CI = 0.11-1.32).

Shearer et al. (12) is a nested case—control study conducted in the

Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial
(PLCO). The study controlled for multiple confounders and
reported that when the exposure was evaluated continuously, the
association between PFOA and kidney cancer was marginally
statistically significant (OR = 1.68, 95% CI = 1.07-2.63); however,
when analyzed by exposure quartile in the analysis that adjusted
for other PFAS, none of the individual exposure quartiles (Q4
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OR =2.19, 95% CI = 0.86-5.61) nor the dose response trend
(p = 0.13) were reported to be statistically significant.

Winquist et al. (13) is a case—control study conducted in the
American Cancer Society’s prospective Cancer Prevention Study
II (CPS-II) LifeLink cohort. The authors did not report a
statistically significant association between PFOA serum
concentrations and kidney cancer in men or women (HR = 1.06,
95% CI = 0.83-1.35) However, when cases were restricted to
renal cell carcinoma (RCC), for women only, a statistically
significant association was reported (Overall HR = 1.54, 95%
CI=1.05-2.26; Q4 HR=3.14, 95% CI=1.04-9.54).
Nevertheless, when the authors utilized a statistical model with
collapsed categories of some control variables, the association
between RCC and PFOA among women was attenuated (i.e., was
no longer statistically significant (p = 0.055)), indicating small
sample size may be impacting the results (as seen in wide
confidence intervals for the individual exposure quartile results).
This study also did not statistically control for exposure to other
PFAS compounds.

Rhee et al. (14), the same investigators from Shearer et al. (12),
conducted a follow-up analysis in a “larger and more racially and
ethnically diverse population” to try and replicate their original
findings. The authors conducted a nested case-control study in
the Multiethnic Cohort Study (MEC), which controlled for
multiple appropriate confounders. The authors did not observe
any statistically significant associations between PFOA
pre-diagnostic serum levels and RCC in their overall analysis
(Continuous OR = 0.89, 95% CI = 0.67-1.18; or Q4 OR = 1.04,
95% CI = 0.60-1.81), or in any of the stratified subgroup analyses
(by sex, by race, by age, by location, etc.). This finding conflicts
with some of their previous results reported in Shearer et al. (12).

In addition, there have been studies that look at impacts from
PFAS as a group (rather than specifically to PFOA). For example, Li
et al. (17), reported no association between PFAS generally (via
drinking water, which included PFOA) and risk of kidney cancer;
however, results based on residence alone must be interpreted carefully.

The pooled case-control study, Steenland et al. (15), which
combined data from Barry et al. (9) and Shearer et al. (12), reported
a range of conflicting results depending on how the authors analyzed
the data. The study results ranged from PFOA exposure decreasing
risk (i.e., risk of kidney cancer was lower with higher levels of PFOA
exposure), to no association (i.e., result was not statistically
significant), to some results demonstrating an increase in risk (i.e.,
increase in PFOA exposure could result in an increase in kidney
cancer). This study converted their preferred regression’s first slope
to an OR of 2.02 (1.45-2.80), though the second slope in this
analysis was not significant and would not have a significant
OR. This study did not statistically control for exposure to other
PFAS compounds.

The meta-analysis, Seyyedsalehi and Boffetta (16), combined
results from studies from 2021 and earlier (7-12). The authors
reported a PFOA-specific meta-RR of 1.23 (95% CI: 0.99-1.51).
While this risk estimate is suggestive of an association, it does not
reach statistical significance and any finding of association may
be explained by chance. The authors also note that bias and
confounding could not be ruled out in their meta-analysis, which
they note precludes the use of their meta-RR in a causation analysis.
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The lack of a statistically significant finding by Seyyedsalehi and
Bofetta (16) demonstrates that the majority of the science considered
by the 2012 C8 Panel [plus Shearer et al. (12)] does not support a
statistically significant association between PFOA exposure and
kidney cancer.

Table 1 outlines the kidney cancer and PFOA studies included in
this review, and Figure 1 visualizes the results of the 2012 C8 Panel
studies (above the orange line) and the subsequently published studies
(below the orange line)—both timeframes clearly demonstrate a lack
of consensus and reproducibility across studies; these results do not
support a clear causal relationship between PFOA exposure and risk
of kidney cancer.

The results of studies investigating PFOA exposure and kidney
cancer are inconclusive and equivocal (see Figure 1), which highlights
the intricacies of study design essential for high quality PFAS
epidemiological studies. Differing statistical approaches within studies
have resulted in different conclusions. The results may also vary
depending on how a study classifies PFOA exposure, incorporates
control for confounders, and utilizes different statistical methods.
For example:

« Exposure classification: Utilizing pre-diagnostic serum samples
versus job exposure matrices or residential address for exposure
proxy [e.g., Rhee et al. (14) vs. Vieira et al. (10) and Barry
etal. (9)]

» Confounder Control: Controlling for appropriate confounders
versus not controlling for a full suite of confounders [e.g., Rhee
et al. (14) vs. Barry et al. (9), and Shearer et al. (12) vs. Vieira
etal. (10)]

10.3389/fpubh.2025.1532277

« Statistical Methods: Categorizing exposure as binary or in
quantiles based on distribution vs. analyzing as continuous
exposure [e.g., Shearer et al. (12) quartile analysis vs. continuous
analysis] and stratifying data by sex, race and other population
characteristics [e.g., Shearer et al. (12) vs. Rhee et al. (14)].

Earlier studies may not provide analysis or adjustments that by
today’s standards are the hallmarks of a “strong” study design.
Importantly, no study design is flawless, and studies with limitations
(though less useful in assessing causation) provide valuable
information regarding the consequence and magnitude of not making
proper adjustments.

Thyroid disease

In 2012, the C8 Science Panel determined that the available
epidemiologic data presented sufficient evidence to conclude that
there is a “probable link” between PFOA exposure and thyroid
disease “despite inconsistencies in the evidence” (36) “Thyroid
disease” is more complicated to evaluate than other outcomes such
as kidney cancer because there are various biomarkers of impaired
or disrupted thyroid function. There are studies that investigate the
potential impact of exposure to PFAS (and to PFOA specifically) on
thyroid hormone levels (e.g., triiodothyronine, T3; thyroxine, T4)
and thyroid-stimulating hormone (TSH), and also on diagnosed
specific thyroid diseases (e.g., hypothyroidism or hyperthyroidism).
Many factors can influence an individual’s thyroid hormone levels
including autoimmune diseases, genetic factors, thyroid surgery,

TABLE 1 Descriptions of epidemiological studies included in review of potential associations between PFOA exposure and kidney cancer.

Study Study design = Study setting Sample size | Results

Leonard et al. (7) Cohort West Virginia, 1948-2002 | 12 cases Elevated kidney cancer mortality that was not statistically significantly
associated with PFOA exposure.

Steenland and Cohort West Virginia, 1952-2008 | 11 cases Increased kidney cancer mortality in highest PFOA exposure quartile, no

Woskie (8) association observed for cohort overall.

Barry etal. (9) Cohort Mid-Ohio Valley, 1952— 105 cases No kidney cancer association observed for cohort overall, highest quartile

2011 of community group showed increased risk in unlagged analysis only.

Vieira et al. (10) Case-control Ohio and West Virginia, 94 cases “High” exposure quartile was significantly associated with kidney cancer,

1996-2005 “very high” quartile was borderline significant. One out of six
municipalities significantly associated.

Raleigh et al. (11) Cohort Minnesota, 1960-2008 6 cases No kidney cancer association observed for cohort overall or in high
exposure group.

Shearer et al. (12) Case-control 10 USS. cities, 1993-2001 324 cases Significant association observed in overall cohort with a non-significant
p-trend value. In fully adjusted model, no quartiles of PFOA exposure
were significantly associated with kidney cancer.

Steenland et al. (15) Pooled case- See contributing studies 835 cases Multiple regression results with some significantly positive, not significant,

control and significantly negative results.

Winquist et al. (13) Case-cohort USA, 1982-2017 156 cases, 107 No kidney cancer association in overall cohort, a statistically significant

cases association was reported for RCC among women only.

Rhee et al. (14) Case-control Hawaii and California, 428 cases No statistically significant association with PEFOA exposure in overall

1993-2018 cohort or in stratified analysis.

Seyyedsalehi and Meta-analysis See contributing papers - Suggestive association that is not statistically significant.

Boffetta (16)
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PFOA - Kidney Cancer
Study/Exposure Category MOA
Leonard et al. (2008) ;

Washington Works vs. US Population ~ —fill—— SMR
Steenland and Woskie (2012) ,

All Quartiles Combined - No Lag —‘.— SMR
Vieira et al. (2013) :

Low - OR

Medium - OR

High - OR

Very High —m—— ORr
Barry et al. (2013) :

Total (Continuous), 10-Year Lag | | HR
Raleigh et al. (2014) .

Q1-Q2 - HR

Q3-Q4 - HR
Shearer et al. (2021) i

Q2 - Fully Adjusted —— OR

Q3 - Fully Adjusted - OR

Q4 - Fully Adjusted —M@— O0R

Continuous - Fully Adjusted R e OR
Lietal. (2022) '

Ever high- Total -l— HR
Rhee 2023 :

Continuous; Fully adjusted L 3 OR

Winquist et al. (2023)
Women RCC - Q2

Women RCC - Q3 —:—.—*HR

Women RCC - Q4 —#——HR
Seyyedsalehi & Boffetta (2023) i

PFOA Exposure — Meta Analysis E 3 RR

FIGURE 1

Epidemiological studies investigating the association between
exposure to PFOA and risk of kidney cancer; studies above orange
line were included in the C8 Panel's “probable link” report (2012).
Leonard et al. (7) results are adjusted from a base 100 SMR. MOA =
Measure of Association.

radiation therapy, different medicines, thyroiditis, pregnancy,
iodine intake levels, and smoking, among others (18, 38, 29), which
can make it difficult to investigate potential other causal
associations. The C8 Science Panel considered 10 epidemiological
studies prior to releasing their report (three of which were
conducted by the C8 Science Panel), which utilized different
analytical approaches and investigated different subsets (i.e.,
stratifications) of community and occupational populations. The
C8 Science Panel noted, “While each finding in isolation was not
compelling, plausibly a result [sic] of chance or other errors, the
presence of some independent pieces of evidence indicative of an
association was not easily dismissed, despite a lack of coherence
among them” (36). For sake of brevity, these studies are summarized
in Table 2.

Since the release of the C8 Science Panel report in 2012, there
have been multiple cross-sectional community studies
investigating potential associations between thyroid diseases and
changes in thyroid hormones following exposure to PFOA [e.g.,
(19-24)]. While some of the results of the studies are conflicting,
the vast majority demonstrate no association between PFOA
exposure and changes in thyroid hormones or with thyroid
disease. However, due to the study design, cross-sectional studies

are inherently weaker regarding the evaluation of causation due to
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the chance of reverse causation (i.e., temporality cannot
be determined).

Cohort and case-control studies are more useful study
designs to inform a potential causal relationship; within these
studies, exposure is known to occur before disease diagnosis.
One follow-up cohort study, Steenland et al. (25), was published
after the C8 Science Panel’s report in 2012 as a continuation of
their analysis. The authors stratified analyses by sex and
investigated both a 10-year lag and no lag for thyroid disease—
all statistical analyses resulted in no statistically significant
association for any of the exposure quartiles and/or dose
response trend tests. The results from the studies discussed
above (a subset of the literature published since the 2012 C8
Science Panel) are included in Figure 2 or Figure 3, depending
on the type of measure of association reported within the study;
Figure 2 provides risk estimates such as odds ratios, hazard
ratios, and risk ratios, with a null value of 1, while Figure 3
provides results reported as beta coefficients from regression
models, with a null value of 0. Both figures visually demonstrate
that key epidemiological literature published since the 2012 C8
Science Panel report a lack of an association between PFOA
exposure and thyroid disease.

Additionally, in 2020, former C8 Science Panel members and
collaborators published a review, Steenland et al. (26), commenting
on the state of PFOA literature regarding thyroid disorders, cancer,
and other health outcomes previously investigated. The authors
conclude that, “since the original Science Panel findings, our view is
that the evidence of an association of PFOA and thyroid disease has
gotten weaker” and that “while a number of studies have suggested
associations between thyroid hormones and PFOA in cross-
sectional analyses, in our view there is little consistency across
studies so evidence for a causal impact on thyroid hormones
remains weak.”

More recent epidemiological literature has clarified the
conflicting results discussed in the C8 Science Panel’s 2012 report to
indicate a lack of an association between PFOA exposure and risk of
thyroid disease. As such, it is essential to look at literature beyond the
C8 Science Panel, as the results of the C8 Science Panel’s analysis are
not aligned with the totality of the body of literature available in 2025.
In addition, more recent studies have identified specific
subpopulations for future research (e.g., pregnant women) and the
importance of investigating individual PFAS rather than the class of
compounds together.

Discussion

Overall, the science around PFAS is rapidly expanding—with the
C8 Science Panel’s findings in 2012 acting as a catalyst for further
scientific inquiry. Over a decade later, despite prior suggestions of a
probable link between PFOA exposure and kidney cancer or thyroid
disease, recent epidemiological investigations support that there is no
clear causal relationship between PFOA exposure and either health
outcome. Specifically:

1 The C8 Science Panels “probable link” determination is
different from a scientific determination of general causation.
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TABLE 2 Descriptions of epidemiological studies included in review of potential associations between PFOA exposure and thyroid disease.

Study Study design  Study setting Sample size = Results

Melzer et al. (29) Cross-sectional USA, 1999-2006 292 cases Females and thyroid disease: Statistically Significant association with PFOA.

Chan et al. (30) Case—control Edmonton, Canada, 11 cases Pregnant women with hypothyroxinemia: No association with PFOA.
2005-2006

Olsen etal. (31) Cross-sectional Cottage Grove, MN, 191 exposed Occupational exposure: No association between TSH and PFOA.

1993 and 1995

Olsen et al. (32) Longitudinal and Belgium and Alabama, | 347 exposed Occupational exposure: PEOA positively associated with T3 increases
cross-sectional 1995-2000 (within clinical reference range); negative association with FT4 in male
workers (within clinical reference range); no association with other
hormones.
Bloom et al. (33) Cross-sectional New York, 1995-1997 | 31 exposed Community of anglers: No association between PFOA and TSH or FT4.

Emmett et al. (34) Cross-sectional Ohio and West 371 exposed

Virginia, Unspecified

time period

Exposed residents: No association between PFOA and TSH levels.

2 At the time of the 2012 C8 Panel, there were only a handful of
epidemiological studies that provided the basis for their

preliminary determination of a “probable link” focusing on the
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Knox et al. (35) Cross-sectional Ohio and West 52,296 exposed Association between TT4 and PFOA (particularly among women), no
Virginia, 1961-2006 association with TSH.
Science Panel Study #1 = Survival analysis Ohio and West 3,633 cases Functional thyroid disease: Mixed results depending on strata.
and prospective Virginia, 2008-2011
Science Panel Study #2 | Cross-sectional and | Ohio and West 50,680 exposed No relationship between PFOA and FT4, TPO, or Tg; no changes in TT4,
longitudinal Virginia, 2005-2006 TSH, or FTL
Science Panel Study #3 | Cohort and cross- Ohio and West 10,725 exposed Childhood thyroid disease and function: Positively associated with PFOA
sectional Virginia, 2005-2006 serum levels in children. No association found between hormones and
PFOA levels.
PFOA - Thyroid Disease PFOA - Thyroid Disease - R
Study/Exposure Category MOoA Study/Exposure Category MOA
Wen et al. (2013) ; Wang et al. (2013) ; 8
Subclinical hypothyroidism - Women i———  OR Assockiions belweer PEOA-and TSH '
Subclinical hypothyroidism = Men —— OR (In-transformed) — adjusted ! R
ini = . ;
SubcI!n!cal hyperthyroidism = Women ‘ OR Tan et al. (2024) ' IS
Subclinical hyperthyroidism = Men L OR PFOA iation with TSH . E
Winquist and Steenland (2014) : associaton '
: o =
Q2 - Prospective Cumulative Exposure - Both Sexes I— HR REOA assoqatfon me T4 \ B
Q3 - Prospective Cumulative Exposure - Both Sexes il HR PFOA association with T3 ., &
Q4 - Prospective Cumulative Exposure - Both Sexes M- HR PFOA association with FT4 &
Q5 - Prospective Cumulative Exposure - Both Sexes i HR PFOA association with FT3 <—.—f— R
Steenland et al. (2015) . Xing et al. (2024) ! B
Q2 - 10-year lag male - RR Associations between PFOAs and T3 " .
Q3 - 10-year lag male —I— RR (In-transformed) 4
Q4 - 10-year lag male —M—— RR Associations between PFOAs and T4 .
10~ | 3
Q2 - 10-year lag female - RR (In-transformed) '
Q3 - 10-year lag female —— RR Associations between PFOAs and T4/T3 Ratio * q
Q4 - 10-year lag female - RR (In-transformed) H
Dufour 2018 ‘ A ) i . 5
Q2 i ————— EOR = -
— .
gj ; gz FIGURE 3
= . . . . . . ,
Gallo et al. (2021) ' Epidemiological studies published after the C8 Science Panel’s
PR e ﬂ OR "probable link” report (2012) investigating the association between
Adult Females [ ] OR exposure to PFOA and risk of thyroid disease and thyroid hormone
Adolescent Males L 3 OR changes, reported as regression coefficients.
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FIGURE 2
Epidemiological studies published after the C8 Science Panel's
“probable link” report (2012) investigating the association between . . . .
P P . gatng . Mid-Ohio Valley population from the class action settlement.
exposure to PFOA and risk of thyroid disease, reported as risk effect
estimates. These studies at the time did not support general causation.
Additional epidemiological studies conducted since the 2012

C8 Panel reinforce the lack of a causal relationship between
exposure to PFOA and kidney cancer or thyroid disease based
on the lack of reproducible findings and temporality in well-
conducted epidemiological studies.
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4 These more recent epidemiological studies reflect more reliable
scientific investigations where improvements in exposure
classification, confounding control, and statistical methods
were incorporated. Therefore, the more recent epidemiological
findings provide added robust support for no causal
relationship between PFOA exposure and kidney cancer or
thyroid disease.

In the past several decades, the scientific understanding of PFAS
has advanced in a variety of subject areas (chemistry, mechanistic
toxicology, fate and transport, epidemiological research, etc.).
Regarding epidemiological studies, this evolution has demonstrated
the importance of specificity (regarding both PFAS exposure and
disease classification), the need for proper control of confounders, and
appropriate statistical stratifications when investigating potential
relationships between PFOA (and PFAS) and different health
outcomes. Overall, the highest quality epidemiological investigations
have demonstrated the importance of incorporating and/or considering
the following:

« In terms of exposure,

o It is necessary to analyze for and consider additional PFAS
compounds beyond PFOA due to differences in toxicity and
toxicokinetics; and

o Exposure classification must continue to be refined (e.g.,
move beyond utilizing residence as a proxy for exposure),
incorporating pre-diagnostic serum sampling with serum
half-lives, in addition to retrospective modeling of PFAS
exposure via different pathways (e.g., occupational

and community).

« In terms of statistical analysis,

o Itis critical to control for an appropriate suite of confounders
and other chemicals potentially correlated with PFAS;

o When sample size allows, researchers should include
stratifications by sex, race, age, and pregnancy status; and

o Disease outcome stratification should be included, such as
restricting to renal cell carcinoma rather than all kidney cancer
diagnoses or restricting to hypothyroidism rather than all
thyroid diseases.

In general, when considering epidemiological evidence, each
study will have strengths and weaknesses, which is why
consistency and reproducibility are so important when evaluating
potential causal relationships. Traditional causation approaches,
such as weight of evidence approaches, should incorporate and
consider all epidemiological studies, evaluating a study’s quality
and weighting stronger, more robust studies over flawed studies.
In particular, more weight should be given to studies that
demonstrate temporality and thus can demonstrate causation
(e.g., prospective cohort studies), as compared to those that can
only inform on potential association (e.g., cross-sectional studies).
Ultimately, as demonstrated above, the entire body of literature
needs to be included in this process to reflect the evolution of the
scientific process. The C8 Science Panel’s 2012 “probable link”
report was conducted under the context of litigation, specific to
the class members and exposure to high levels of PFOA; due to the
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methodology used, the “probable link” conclusions were distinct
from general causation assessments.

Regulatory agencies have also recently performed evaluations
of epidemiological evidence. Although the recent IARC evaluation
(27) classified PFOA as a Group 1 carcinogen, the Working Group
concluded that evidence in humans for the association between
PFOA and renal cell carcinoma was “limited” Similarly, the
USEPA (28) classified PFOA as “Likely to Be Carcinogenic to
Humans” but noted there is “not [a] definitively causal association
between human exposure to PFOA and cancer outcomes.” These
regulatory evaluations are performed for purposes and in contexts
different than general causation assessments and weigh
mechanistic and animal data differently depending on the agency.
Therefore, the purpose, protocols, limitations, and context of
regulatory determinations need to be understood—especially
when trying to assess potential for actual disease manifestation in
exposed individuals.

In conclusion, this evaluation distinguishes between legal
rulings and settlements and scientific causation, dispelling the
notion that legal rulings equate to “settled science” The C8
Science Panel was established as part of a settlement and its
determinations, per the terms of the settlement, were intended to
help resolve what claims in that litigation would be compensated
and which ones would not. The C8 Science Panel’s “probable link”
determinations are often confused with a scientific determination
of general causation. Despite the “probable link” determinations,
the available epidemiological studies at the time did not support
general causation for kidney cancer or thyroid disease. While this
review focused on human epidemiology studies, it is important to
be mindful of the existence of related in vitro and animal
bioassays; a full review for establishing causation would also take
full account of the available mechanistic and animal model
evidence. As well, research into PFAS health effects is a highly
active area of study, so the emergence of new epidemiologic
evidence may change the weight of evidence view of the science.
The evolution of PFOA epidemiological literature since the 2012
C8 Science Panel demonstrates how science is dynamic—despite
prior suggestions of a “probable link” between exposure PFOA
and kidney cancer or thyroid disease, recent epidemiological
investigations support that there is no clear causal relationship
between PFOA exposure and either health outcome.

Author contributions

CB: Writing - original draft, Writing - review & editing. SK:
Writing - original draft, Writing - review & editing. AN: Writing —
original draft, Writing - review & editing. JC: Writing - original draft,
Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. Roux received partial
funding from Mintz, Levin, Cohn, Ferris, Glovsky and Popeo, P.C. for
the preparation and submission of this manuscript. The funder was

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1532277
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Boston et al.

not involved in the study design, collection, analysis, interpretation of
data, the writing of this article, or the decision to submit it
for publication.

Conflict of interest

Authors CB, SK, AB and JC are employed by Roux, which is a
consulting firm that provides scientific support to various
corporations, law firms, scientific/professional organizations, and the
government. Author CB has been retained as an expert witness on
behalf of defendants in various litigation matters regarding exposure
to PFAS.

References

1. NIH. (2024). Perfluoroalkyl and Polyfluoroalkyl Substances. Available online at:
https://www.niehs.nih.gov/health/topics/agents/pfc (Accessed July 1, 2024).

2. Prevedouros K, Cousins IT, Buck RC, Korzeniowski SH. Sources, fate and transport
of perfluorocarboxylates. Environ Sci Technol. (2006) 40:32-44. doi: 10.1021/es0512475

3. Teaf CM, Garber MM, Covert DJ, Tuovila BJ. Perfluorooctanoic acid (PFOA):
environmental sources, chemistry, toxicology, and potential risks. Soil Sediment Contam
Int J. (2019) 28:258-73. doi: 10.1080/15320383.2018.1562420

4. Kougias DG, Killius A, Collins J, Russman E, Maddaloni M. Per-and Polyfluoroalkyl
substances (PFAS) in drinking water: a retrospective case series with risk assessments.
Human Ecol Risk Assess Theory Pract. (2024) 1:333-96. doi: 10.1002/9781119742975.ch7

5. De Witt JC, Gliige J, Cousins IT, Goldenman G, Herzke D, Lohmann R, et al. Ziirich
II statement on per- and Polyfluoroalkyl substances (PFASs): scientific and regulatory
needs. Environ Sci Technol Lett. (2024) 11:786-97. doi: 10.1021/acs.estlett.4c00147

6. Hill AB. The environment and disease: association or causation? Proc R Soc Med.
(1965) 58:295-300. doi: 10.1177/003591576505800503

7. Leonard RC, Kreckmann KH, Sakr CJ, Symons JM. Retrospective cohort
mortality study of Workers in a Polymer Production Plant Including a reference
population of regional workers. Ann Epidemiol. (2008) 18:15-22. doi:
10.1016/j.annepidem.2007.06.011

8. Steenland K, Woskie S. Cohort mortality study of workers exposed to
Perfluorooctanoic acid. Am J Epidemiol. (2012) 176:909-17. doi: 10.1093/aje/kws171

9. Barry V, Winquist A, Steenland K. Perfluorooctanoic acid (PFOA) exposures and
incident cancers among adults living near a chemical plant. Environ Health Perspect.
(2013) 121:1313-8. doi: 10.1289/ehp.1306615

10. Vieira VM, Hoffman K, Shin HM, Weinberg JM, Webster TF, Fletcher T.
Perfluorooctanoic acid exposure and Cancer outcomes in a contaminated community:
a geographic analysis. Environ Health Perspect. (2013) 121:318-23. doi:
10.1289/ehp.1205829

11. Raleigh KK, Alexander BH, Olsen GW, Ramachandran G, Morey SZ, Church TR,
et al. Mortality and Cancer incidence in ammonium Perfluorooctanoate production
workers. Occup Environ Med. (2014) 71:500-6. doi: 10.1136/0emed-2014-102109

12. Shearer JJ, Callahan CL, Calafat AM, Huang WY, Jones RR, Sabbisetti VS, et al.
Serum concentrations of per- and Polyfluoroalkyl substances and risk of renal cell
carcinoma. JNCI Natl Cancer Inst. (2021) 113:580-7. doi: 10.1093/jnci/djaal43

13. Winquist A, Hodge JM, Diver WR, Rodriguez JL, Troeschel AN, Daniel J, et al.
Case-cohort study of the association between PFAS and selected cancers among
participants in the American Cancer Society’s Cancer prevention study II LifeLink
cohort. Environ Health Persp. (2023) 131:127007. doi: 10.1289/EHP13174

14. Rhee ], Chang VC, Cheng I, Calafat AM, Botelho JC, Shearer J], et al. Serum
concentrations of per- and polyfluoroalkyl substances and the risk of renal cell
carcinoma in the multiethnic cohort study. Environ Int. (2023) 180:108197-11. doi:
10.1016/j.envint.2023.108197

15. Steenland K, Hofmann JN, Silverman DT, Bartell SM. Risk assessment for PFOA

and kidney cancer based on a pooled analysis of two studies. Environ Int. (2022)
167:107425. doi: 10.1016/j.envint.2022.107425

16. Seyyedsalehi MS, Boffetta P. Per-and poly-fluoroalkyl substances (PFAS) exposure
and risk of kidney, liver, and testicular cancers: a systematic review and meta-analysis.
Med Lav. (2023) 114:¢2023040. doi: 10.23749/mdl.v114i5.15065

17. Li H, Hammarstrand S, Midberg B, Xu Y, Li Y, Olsson DS, et al. Cancer incidence
in a Swedish cohort with high exposure to perfluoroalkyl substances in drinking water.
Environ Res. (2022) 204:112217. doi: 10.1016/j.envres.2021.112217

Frontiers in Public Health

10.3389/fpubh.2025.1532277

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

18. Leko MB, Gunjaca I, Pleic N, Zemunik T. Environmental factors affecting thyroid-
stimulating hormone and thyroid hormone levels. Int ] Mol Sci. (2021) 22:6521. doi:
10.3390/ijms22126521

19.Dufour P, Pirard C, Seghaye M-C, Charlier C. Association between
organohalogenated pollutants in cord blood and thyroid function in newborns and
mothers from Belgian population. Environ Pollut. (2018) 238:398-6. doi: 10.1016/j.
envpol.2018.03.058

20. Gallo E, Amidei CB, Barbieri G, Fabricio ASC, Gion M, Pitter G, et al.
Perfluoroalkyl substances and thyroid stimulating hormone levels in a highly exposed
population in the Veneto region. Environ Res. (2021) 203:111794. doi: 10.1016/j.envres.
2021.111794

21.Tan K, Zhang Q, Wang Y, Wang C, Hu C, Wang L, et al. Associations between
per- and Polyfluoroalkyl substances exposure and thyroid hormone levels in the elderly.
Sci Total Environ. (2024) 920:170761. doi: 10.1016/j.scitotenv.2024.170761

22. Wang Y, Starling AP, Haug LS, Eggesbo M, Becher G, Thomsen C, et al. Association
between Perfluoroalkyl substances and thyroid stimulating hormone among pregnant
women: a cross-sectional study. Environ Health. (2013) 12:76. doi: 10.1186/1476-069X-12-76

23.Wen L-L, Lin L-Y, Su T-C, Chen P-C, Lin C-Y. Association between serum
Perfluorinated chemicals and thyroid function in U.S. adults: the National Health and
nutrition examination survey 2007-2010. J Clin Endocrinol Metab. (2013) 98:E1456-64.
doi: 10.1210/jc.2013-1282

24.Xing Y, Li Z, Wang J, QuY, Hu Q, Ji S, et al. Associations between serum per- and
polyfluoroalkyl substances and thyroid hormones in Chinese adults: a nationally
representative cross-sectional study. Environ Int. (2024) 184:108459. doi: 10.1016/
j.envint.2024.108459

25. Steenland K, Zhao L, Winquist A. A cohort incidence study of workers exposed to
perfluorooctanoic acid (PFOA). Occup Environ Med. (2015) 72:373-380. doi: 10.1136/
oemed-2014-102364

26. Steenland K, Fletcher T, Stein CR, Bartell SM, Darrow L, Lopez-Espinosa M-J, et al.
Review: evolution of evidence on PFOA and health following the assessments of the C8
science panel. Environ Int. (2020) 145:106125. doi: 10.1016/j.envint.2020.106125

27.Zahm S, Bonde JP, Chiu WA, Hoppin J, Kanno J, Abdallah M, et al. Carcinogenicity
of perfluorooctanoic acid and perfluorooctanesulfonic acid. Lancet Oncol. (2024)
25:16-7. doi: 10.1016/S1470-2045(23)00622-8

28. USEPA (2024). Maximum contaminant level goals for Perfluorooctanoic acid
(PFOA) and Perfluorooctane sulfonic acid (PFOS) in drinking water. EPA-815-R-24-010.
April, p. 12

29. Melzer D, Rice N, Depledge MH, Henley WE, Galloway TS. Association between
serum perfluorooctanoic acid (PFOA) and thyroid disease in the U.S. National Health
and Nutrition Examination Survey. Environ Health Perspect. (2010) 118:686-92. doi:
10.1289/ehp.0901584

30. Chan E, Burstyn I, Cherry N, Bamforth F, Martin JW. Perfluorinated acids and
hypothyroxinemia in pregnant women. Environ Res. (2011) 111:559-64. doi:
10.1016/j.envres.2011.01.011

31. Olsen GW, Gilliland FD, Burlew MM, Burris JM, Mandel JS, Mandel JH. An
epidemiologic investigation of reproductive hormones in men with occupational
exposure to perfluorooctanoic acid. J Occup Environ Med. (1998) 40:614-22. doi:
10.1097/00043764-199807000-00006

32. Olsen GW, Burris JM, Burlew MM, Mandel JH. Epidemiologic assessment of
worker serum perfluorooctanesulfonate (PFOS) and perfluorooctanoate (PFOA)
concentrations and medical surveillance examinations. J Occup Environ Med. (2003)
45:260-70. doi: 10.1097/01.jom.0000052958.59271.10

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1532277
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.niehs.nih.gov/health/topics/agents/pfc
https://doi.org/10.1021/es0512475
https://doi.org/10.1080/15320383.2018.1562420
https://doi.org/10.1002/9781119742975.ch7
https://doi.org/10.1021/acs.estlett.4c00147
https://doi.org/10.1177/003591576505800503
https://doi.org/10.1016/j.annepidem.2007.06.011
https://doi.org/10.1093/aje/kws171
https://doi.org/10.1289/ehp.1306615
https://doi.org/10.1289/ehp.1205829
https://doi.org/10.1136/oemed-2014-102109
https://doi.org/10.1093/jnci/djaa143
https://doi.org/10.1289/EHP13174
https://doi.org/10.1016/j.envint.2023.108197
https://doi.org/10.1016/j.envint.2022.107425
https://doi.org/10.23749/mdl.v114i5.15065
https://doi.org/10.1016/j.envres.2021.112217
https://doi.org/10.3390/ijms22126521
https://doi.org/10.1016/j.envpol.2018.03.058
https://doi.org/10.1016/j.envpol.2018.03.058
https://doi.org/10.1016/j.envres.2021.111794
https://doi.org/10.1016/j.envres.2021.111794
https://doi.org/10.1016/j.scitotenv.2024.170761
https://doi.org/10.1186/1476-069X-12-76
https://doi.org/10.1210/jc.2013-1282
https://doi.org/10.1016/j.envint.2024.108459
https://doi.org/10.1016/j.envint.2024.108459
https://doi.org/10.1136/oemed-2014-102364
https://doi.org/10.1136/oemed-2014-102364
https://doi.org/10.1016/j.envint.2020.106125
https://doi.org/10.1016/S1470-2045(23)00622-8
https://doi.org/10.1289/ehp.0901584
https://doi.org/10.1016/j.envres.2011.01.011
https://doi.org/10.1097/00043764-199807000-00006
https://doi.org/10.1097/01.jom.0000052958.59271.10

Boston et al.

33. Bloom MS, Kannan K, Spliethoff HM, Tao I, Aldous KM, Vena JE. Exploratory
assessment of perfluorinated compounds and human thyroid function. Physiol Behav.
(2010) 99:240-5. doi: 10.1016/j.physbeh.2009.02.005

34. Emmett EA, Zhang H, Shofer FS, Freeman D, Rodway NV, Desai C, et al.
Community exposure to perfluorooctanoate: relationships between serum levels and
certain health parameters. ] Occup Environ Med. (2006) 48:771-9. doi: 10.1097/01.jom.
0000233380.13087.37

35. Knox SS, Jackson T, Frisbee SJ, Javins B, Ducatman AM. Perfluorocarbon exposure,
gender and thyroid function in the C8 health project. J Toxicol Sci. (2011) 36:403-10.
doi: 10.2131/jts.36.403

Frontiers in Public Health

10

10.3389/fpubh.2025.1532277

36. C8 Science Panel. (2020). The science panel website. Available at: http://www.
c8sciencepanel.org/ (Accessed January 22, 2020).

37. ATDSR. (2024). Toxicological profile for perfluoroalkyls. Released May 2021. Available
online at: https://www.atsdr.cdc.gov/toxprofiles/tp200.pdf (Accessed July 1, 2024).

38. Chiovato L, Magri E, Carlé A. Hypothyroidism in context: Where we've been and
where were going. Adv Ther. (2019) 36 (Suppl 2):47-58. doi: 10.1007/s12325-019-01080-8

39. Anidha Y, Ayu WC, Sari NM, Nadhiroh SR. Risk factors and clinical manifestations
in hyperthyroidism: A systematic review. Amerta Nutrition. (2023) 7(2SP):344-351. doi:
10.20473/amnt.v7i2SP.2023.344-351

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1532277
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.physbeh.2009.02.005
https://doi.org/10.1097/01.jom.0000233380.13087.37
https://doi.org/10.1097/01.jom.0000233380.13087.37
https://doi.org/10.2131/jts.36.403
http://www.c8sciencepanel.org/
http://www.c8sciencepanel.org/
https://www.atsdr.cdc.gov/toxprofiles/tp200.pdf
https://doi.org/10.1007/s12325-019-01080-8
https://doi.org/10.20473/amnt.v7i2SP.2023.344-351

	The evolution of PFAS epidemiology: new scientific developments call into question alleged “probable links” between PFOA and kidney cancer and thyroid disease
	Introduction
	Findings of the C8 Science Panel

	Methodology
	Evolution of epidemiological science since the C8 Panel
	Kidney cancer
	Thyroid disease

	Discussion

	References

