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‘robbieLinkEvaluationofThyroid disease

Conclusion: On the basisof epidemiological and other data available to the C8 Science:

Pane, we conclude that there is probable lnk between excosure to C3 (aso known as
PFOA) and nyrod disease

Introduction C8 Science Panel and he Probable Link reports

In February 2005, the West Virginia Gut Court approved a less action Setlement
Agreement ina lawsuit about releases of a chemical known as C8, or PFOA, fom DuPont’
Washington Works facil located n Wood County, West Vicia. The Settement
Agreement had several pars.

One part of the Setfement was the creation of a Science Panel, consisting of hrse
epidemiologists, to conduct research in the commursly in order 0 evaluate whether here is
a probable link between PFOA exposure and any human disease. A Grobadle ni n this
seting is defined in th Settment Agreement 0 mean tha given the avaiatie scientic
evidence, mre Bey than not hat amon Class Mermbersa connection exits bebwesn
PFOA exposure anda partculr human disease. TheScience Panel recognizes that, given
ho many diseases we aro studying, some may appear to bo assocatod wih exposure
‘simply trough chance, butwe have to judge these associations individual and
acknowledge the uncertainty inherent in making these judgments

Another part ofrSettlement estabished the C8 Health Prject, which coected data fiom
Class Members tough auestionnaites and biood testing. These data represent a poron of
what the Sciance Pansi evaluated to answer the question of whathar a prababl rk exists
between PFOA and human disease. Evidence comes from Science Panel research that has
been published as wel as Science Panel research that has not yet been published.

In performing tis work, the Science Panel vis not ited to consideration of daa relating
only o Class Members, but examined a scientfical evant dat including, bu no mited
to, data relating to PFOA axoosure among workers, among people in other communities,
and other human exposure data, ogether with relevant animal and toxicological dat. The
‘Science Panei hes drawn on evidence that hes been open pubished by other
Investigators, hich means tat th dataled evidence used by he Panei to nfo ts
conclusions is available o others.
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Probable Link Evaluation of Thyroid disease 

Conclusion: On the basis of epidemiological and other data available to the C8 Science 

Panel, we conclude that there is a probable link between exposure to C8 (also known as 

PFOA) and thyroid disease. 

Introduction - C8 Science Panel and the Probable Link reports 

In February 2005, the West Virginia Circuit Court approved a class action Settlement 

Agreement in a lawsuit about releases of a chemical known as C8, or PFOA, from DuPont’s 

Washington Works facility located in Wood County, West Virginia. The Settlement 

Agreement had several pa~ts_ 

One part of the Settlement was the creation of a Science Panel, consisting of three 

epiderniologists, to conduct research in the community in order to evaluate whether there is 

a probable link between PFOA exposure and any human disease. A "probable link,’ in this 

setting is defined in the Settlement Agreement to mean that 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. The Science Panel recognizes that, given 

the many diseases we are studying, some may appear to be associated with exposure 

simply through chance, but we have to judge these associations individually and 

acknowledge the uncertainty inherent in making these judgments 

Another part of the Settlement established the C8 Health Project, which collected data from 

Class Members through questionnaires and blood testing. These data represent a portion of 

what the Science Panel evaluated to answer the question of whether a probable link exists 

between PFOA and human disease. Evidence comes from Science Panel research that has 

been published as well as Science Panel research that has not yet been published. 

In performing this work, the Science Panel was not limited to consideration of data relating 

only to Class Members, but examined all scientifically relevant data including, but not limited 

to, data relating to PFOA exposure among workers, among people in other communities, 

and other human exposure data, together with relevant animal and toxicological data. The 

Science Panel has drawn on evidence that has been openly published by other 

investigators, which means that the detailed evidence used by the Panel to inform its 

conclusions is available to others. 
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Criteria used to evaluate the evidence for a probable lnk included the strength and
consistencyofreported associations, evidence of a dose-response relationship, the potential
for associations to occur as a result of chanco or bias, and plausibility basod on experiments
in laboratory animals. The relative isk (RR which can include specific measures such as
rate ratios, odds ratios, hazardsratios or standardized mortality ratios (SWRS))wasthe
primary measure of association that we examined. The RR is measure of the isk in
‘@xposad compared to the risk i the unexposed o ow-exposed. The null valus — indicating
no association between exposure and outcome —is 1.0. Values above 1.0 are evidence of
Increased isk with increased exposure. Values fom 0.010 0. are evidence of decreased
isk with increased exposure. The RRs discussed below are generally ‘adjusted for
‘demographic variables such as age and gender, So that difference in disease risk between
‘exposed and non-exposed are not the resuit of age andgerderdifirences. We also
‘examined 855% confidenca intervals (65% CI) as a measure of he statistical precision of the
RR. The 95% Cl shows a range of plausible values taking chance into account. Where there
are a range of RRs across exposure groups, statistical measures of rend are conducted to
determine if RRs are increasing with increasing exposure. These testsof rend generate to
p-values, which reflect the statistical chance of geting such a resuit by chance alone. The
lower the p-value the more unikely iti that the observed trend resuted from chance, with
many nthe scentifc community treating p-values less than 0.05 as being “statistically
significant”

‘TneMid-Ohio PopulationStudiedbytheSciencePanel

“The Science Pans! conducted three studiesof the population of the mic-Cnio valley, one of
ciagnosed thyroid disease based on inerviews in 2008-2001, and twoof thyrcid hormones
‘among aduts and chien.

1) The Science Panel community and worker follow-up study has examined the association
between PFOA exposure and incidence of diagnosed thyroid disease among adult
‘commanity residents and plant workers.

Community Residents

“The Mid-Ohio population,whichhas been extensivelystucied by the C8 Science Panel, was.
formed from those who were living or had ived n any of six PFOAcontaminatedwater
cisticts and participated in a bassline survey called the C8 Health Project in 200-2008
(Frisbee et al. 2009). The principal routs of exposure for tis population was via drinking
water contaminated with PFOA. In 2008/2006, pariipants in the C8 Health Project
(269,030) had their PFOA scrum levels measured, provided a medical history, and also.
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Criteda used to evaluate the evidence for a probable link included the strength and 

consistency of reported associalions, evidence of a dose-response relationship, the potential 

for associations to occur as a result of chance or bias, and plausibility based on experiments 

in laboratory animals_ The relative risk (RR -which can include specific measures such as 

rate ratios, odds ratios, hazards ratios or standar~lized mor[ality ratios (SMRs)) was the 

primary measure of association that we examined. The RR is measure of the risk in 

exposed compared to the risk in the unexposed or low-exposed. The null value - indicating 

no association between exposure and outcome -is "1.0. Values above "1.0 are evidence of 

increased risk with increased exposure. Values from 0.0 to 0.9 are evidence of decreased 

risk with increased exposure. The RRs discussed below are generally ’adjusted’ for 

demographic variables such as age and gender, so that difference in disease risk between 

exposed and non-exposed are not lhe result of age and gender differences. We also 

examined 95% confidence intervals (95% CI) as a measure of the statistical precision of the 

RR. The 95% CI shows a range of plausible values taking chance into account. Where there 

are a range of RRs across exposure groups, statistical measures of trend are conducted to 

determine if RRs are increasing with increasing exposure. These tests of trend generate to 

p-values~ which reflect the statistical chance of getting such a result by chance alone. The 

lower the p-value the more unlikely it is that the (~bserved trend resulted from chance, with 

many in the scientific community treating p-values less than 0.05 as being "statistically 

significant." 

The Mid-Ohio Population Studied by the Science Panel 

The Science Panel conducted three studies of the population of the mid-Ohio valley, one of 

diagnosed thyroid disease based on interviews in 2009-2001, and two of thyroid hormones 

among adults and children. 

1) The Science Panel community and worker follow-up study has examined the assc~ciation 

between PFOA exposure and incidence of diagnosed lhyroid disease among adull 

community residents and plant workers. 

Community Residents 

The Mid-Ohio population, which has been extensively studied by the C8 Science Panel, was 

formed from those who were living or had lived in any of six PFOA contaminated water 

dist[icls and parlicipated in a baseline survey called the C8 Health Projed in 2005-2006 

(Frisbee et al. 2009). The principal route of exposure for this population was via drinking 

water contaminated with PFOA. In 2005/2006, participants in the C8 Health Project 

(n=69,030) had their PFOA serum levels measured, provided a medical history, and also 
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had a panelof blood measurements, including thyroid hormonss, cholesterol uic acid, ec.
Most C8 Health Project participants (745%ofadults aged 20 or above) consented to
participate in follow-up studios conducted by the CB Science Pan), of whom 825 wero
subsequent interviewed by the C8 Science Parel in 2008-2011, and in 2010, a sample of
755 provided second blood samples.

Historical serum PFOA estimates for community residents over time wire developed by the.
‘Science Pane, based on the estimated intake of contaminated drinking water. These
stimates of drinking water concentrations, in tum, were based on the amount of PFOA
releassd from the DuPont plant wind patterns, ver flow, groundwater flow and the
residential address history provided by study paricipants (Shin et al 20112, b)

‘Among those interviewed we were able to estimate historical serum concentrations for
28,541 community residents who had nover worked atthe DuPont plant.

Workers atthe DuPont Plant

In addon, 4391 past and current workers at the Washinglon Werks plant were interviewed
by the Science Panel. This group i a subset ofacohort of 6027 Washington Works workers
Studied by the Science Panel to evaluate their patterns of death

An estimate of serum lovels over ima for workers in ifnjobs n the plant was.
developed by the C8 Science Panel (Woskie et al. 2012). These estimates were combined
with estimated serum levels from residential exposure to contaminated drinking water, We
were able 0 estimate combined residential and occupational exposure for 3713 (84%)ofthe
Interviewed workers.

Combined Community andWorker Population

For the study of iagnosed thyroid disease, community residents and workers who were
Interviewed in 2009.2011 were combined to form a final population of 32.254 people for
Whom we could study the relationship between past PFOA serum levels and disease.

2) The Science Panel studied thyroid hormones in the popuation of 50,680 adults who
participated in the 2005-2005 C8 Health Panel survey. These subjects had measured PFOA
levels and hormones In thir serum. Further blood testsfo thyroid disease were carried out
na subset of 756 adults who participated during 2010 in the Science Panel Short Term
Follow-up Study. In both these studies the Science Panel studied hormones in relation to
PFOA among those without clinical disease.

3M_MNG2305877

2368.0003

had a panel of blood measurements, including thyroid hormones, cholesterol, uric acid, etc. 

Most C8 Health Projecl participants (74% of adults aged 20 or above) consented to 

participate in follow-up studies conducted by the C8 Science Panel, of whom 82% were 

subsequently interviewed by the C8 Science Panel in 2009-2011, and in 2010, a sample c)f 

755 provided second blood samples_ 

Historical serum PFOA estimates for community residents over time were developed by the 

Science Panel, based on the esl~mated intake of contaminated drinking water. These 

estimates of drinking water concentrations, in turn, were based on the amount of PFOA 

released from the DuPont plant, wind patterns, dyer flow, groundwater flow and the 

resider~tial address history provided by study participants (Shin et al., 2011 a, b). 

Among those interviewed we were able to estimate historical serum concentrations for 

28,541 community residents who had never worked at the DuPont plant. 

Workers at the OuPont Plant 

In addition, 4391 past and current workers at the Washington Works plant were interviewed 

by the Science Panel. This group is a subset of a cohort of 6027 Washington Works wooers 

studied by the Science Panel Io evaluate their patterns of death. 

An estimate of serum levels over time for workers in different jobs in the plant was 

developed by the C8 Science Panel (Woskie et al. 2012). These estimates were combined 

with estimated serum levels from residential exposure to contaminated drinking water. We 

were able to estimate combined residential and occupational exposure for 3713 (84%) of the 

interviewed workers. 

Combined Community and Worker Population 

For the study of diagnosed thyroid disease, community residents and workers who were 

interviewed in 2009-2011 were combined to form a final population of 32,254 people for 

whom we could study the relationship between past PFOA serum levels and disease 

2) The Science Panel studied lhyroid hormones in 1he population of 50,680 adulls who 

participated in the 2005-2006 C8 Health Panel survey. These subjects had measured PFOA 

levels and hormones in their serum_ Furlher blood tests for lhyroid disease were carried out 

in a subset o1~ 755 adults who participated during 2010 in the Science Panel Short Term 

Follow-up Study. In both these studies the Science Panel studied hormones in relation to 

PFOA among those without clinical disease. 
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3) The Science Panel studied thyroid hormonss in 10,725 ehidren wha participated in the
20052008 C8 Health Panel survey (LopezEspinosa et a. 2012). Data on health and
iscoso aro avalatie from cuestiomnires completed by parents. Among 10.725 chidron
(age: 1-17 years) wih data on disease, there were 61 cases of reported hyd disease.
This information was recorded in th ieviows with parents in the CB Health Project There
Was10 validation of these reports using medical records.

‘BackroundInfomationonThuridHormones andThurgdDisease
Thyroid hormones play important cles in regulating metabolism, growth, anddevelopment
Thyroxine (T4) and tiodothyrorine (73) are wo thyroid hormones produced in the thyroid
land. These thyroid hormones can bo measured ina roe cr total form as free T3 (FT),
otal T3 (TT3) free T4 (FT4) an total T4 (IT4). Th free hormones are a better indicator of
yr function, but are a moro expensive measur go loss frequently cared out However,
roe and tal T4 ond 0 be correlated 1 some extent. Sometimes another lrical marker,
73 uplake, can bo used wih TT4 to oro a measura- reo Thyrons Index (FT), which
we have demonstrated in a Science Pane study t correlate wel win FT4. The plutary
land produces thyroi-stmuating hormono (TSH) which regulates he production of thyroid
hormones, as needed.

“hers are saveral majo cisordrsofhe thyroid giand, but he most common ones ara
hypothyridism and hyperthyroidism. Hypothyroidism is acondition in which th thyroid
gland docs not make enough thyroid Homans, 1. the thyrcid gland i under-acte.
Hypothyroidism is characterized by levated serum TSH lvels combined with alow serum
FT4.In contrast fhe thyroid is too active it makes mare thyroid hormonesthan thebody
eas. this disease is known as hypertyroiism and is characterized by very low TSH levels
and raised FT. Subclrical (ik and in many cases undiagnosed by the doco) hypo- and
ypertayroidism ae charactrized by more moderate elevationo depression of TSH evel
along with FT in the normal range (Surks et al. 2004). For the Science Panel study below
wo dentiiod subeiica hypothyroidism by ofthe raised TSH (>4.5 ulm) and normal FTI
(inthe 5% range of values), o more severely, TSH>10.and FTI below tis norml ange.
We identified subciical hyperthyroidism as either having lowered TSH (<0.45 wim) and
normal FTI in the 86% range of values), or mor severely, TSH<0.1 and FTI above this
normal range.

Previous Experimental and Toxicological Data

The medical erature shows two experimental studies in animals dosed wit PFOA reported
measures of tyro function (with sever toxity experienced in th higher doso groups in
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3) The Science Panel studied thyroid hormones in 10,725 children who participated in the 

2005-2008 C8 Health Panel survey (Lopez-Espinosa et al., 2012). Data on health and 

disease are available from questionnaires completed by parents. Among 10,725 children 

(age: 1-17 years) wilh data on disease, there were 81 cases of repoded thyroid disease. 

This information was recorded in the interviews with parents in the C8 Health Project. There 

was no validation of these repods using medical records. 

Backqround Information on Thyroid Hormones and Thyroid Disease 

Thyroid hormones play impodant roles in regulating metabolism, growth, and development_ 

Thyroxine (T4) and triiodothyronine (T3) are two thyroid hormones produced in the thyroid 

gland. These thyroid hormones can be measured in a free or total form as free T3 (FT3), 

total T3 (33-3), free T4 (FT4) and total T4 (TT4). The free h(~rmones are a better indicator of 

thyroid function, but are a more expensive measure so less frequently carried out. However, 

free and total T4 tend to be correlated to some extent. Sometimes another clinical marker, 

T3 uptake, can be used with TT4 to derive a measure - Free Thyroxine Index (FTI), which 

we have demonstrated in a Science Panel study to correlate well with FI-4. The pituitary 

gland ~3roduces thyroid-stimulating hormone (TSH) which regulates the production of thyroid 

hormones, as needed. 

There are several major disorders of the thyroid gland, but the most common ones are 

hypothyroidism and hyperthyroidism. Hypothyroidism is a condition in which the thyroid 

gland does not make enough thyroid hormone, i_e_ the thyroid gland is under-active. 

Hypothyroidism is characterized by elevated serum TSH levels combined with a low serum 

FT4 In contrast, if the thyroid is too active, it makes more thyroid hormones than the body 

needs: this disease is known as hyperthyroidism and is characterized by very low TSH levels 

and raised FT4. Subclinical (mild and in many cases undiagnosed by the doctor) hypo- and 

hyperthyroidism are characterized by more moderate elevation or depression of TSH level 

along with FT4 in the normal range (Surks et al., 2004) For the Science Panel sludy below 

we identified subclinical hypothyroidism by either raised TSH (>4.5 uiU/ml) and normal FTI 

(in the 95% range of values), or more severely, TSH~10 and FTI below this normal range. 

We identified subclinical hyperthyroidism as either having lowered TSH (<0.45 uiU/ml) and 

normal FFI (in the 95% range of values), or more severely, TSH<0.1 and FTI above this 

normal range. 

Previous Experimental and Toxicological Data 

The medical literature shows two experimental studies in animals dosed with PFOA reported 

measures of thyroid function (with severe toxicity experienced in the higher dose groups in 
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the monkey study). A study of male cynomolgus monkeys dossd with PFOA for 6 months
found no significant changes in TSH, FT4 or TT4; however, FT3 and TT3 decreased over
the study period in the highest dosing group (Butarhofo al 2007) compared fo non-
‘exposed controls. A short ter study of rats administered high doses of PFOA for up 10 5
Gaysshowed fas in FT4, TT4 and TTS (Martin et al 2007).

Previous Epidemiologic Studiesof Adult Thyroid Disease and Thyroid Homones Conducled
buOters

“The association between PFOA serum levels and reported diagnosed thyroid diseaseshas
been explored in non-occupational populations with low exposure levels. A cross-sectioial
‘analysis of PFOA concentrations and self-reported thyroid cisease n the NHANES
population (n=3.666) showed an odds ato (OR) of 22 (96% CI: 1.4, 3.7) for tyra disease
in association with ho highest versus first and second quaros of serum PFOA in fomales
(PFOA mean=377 ng/mL) (Weizer et al. 2010). The age ofdiagnosiswas not given and
thers is concemthat the serum PFOA levels measured atthe time of the survey may not
‘accurately reflect lsvels priorto agnosis, as the disease had begun many years ago in
Some cases. In a small study of pregnant Canadian women with hypothyroxineria (1=96)
higher serum PFOA concentrations were not found when cempared to matched controls
(n=175) (Chan etal 2011).

‘There have ben several small studies of thyroid hormone levels in workers with
occupational exposure to PFOA. They all involve smal populationswith much higher serum
PFOA levels than the average in the community. In the first, Olsen etal. (1998) assessed
TSH in two populations of 111 and 80 workers and found no clear evidence of an
‘association between levels of TSH and PFOA category. In a 2000 study incucing 618
workers from two chemical plants, PFOA was positivelyassociatedwith increases in T3.
‘Other measured thyroid hormones, such as TSH, TT4 or FT4 wernotassociated with
PFOA (Olsen et al, 2003). A new cross-sectional analysis of data including a male
‘subsample of the 2000 survey andmaleworkers rom another plant (n=506) showed a
negaive association between PFOA and FT4 and positive with 3, bul not with TSH or TT4
(Olsen etal. 2003). I the 2000 studies, Olsen et a. reported that results ware not of ciical
relevance since most hormone measurementswerewithin reference ranges (Olsen and
Zobel, 2007). These occupational studies were consistent in showing rio associationswith
TSH, but inconsistent with regard to associations with PFOA.

One small non-occupational study ofa community (n=31)ofanglers from New York, found
no association fo serum levels of PFOA and TSH or FT4 (Bloom etal. 2010). Two studies
of ads in the Mid.Onio Valley have been published previouslybyother investigators. The

3M_MNG2305679

2368.0005

the monkey study). A study of male cynomolgus monkeys dosed with PFOA for 6 months 

found no significant changes in TSH, FT4 or 134; however, FT3 and TT3 decreased over 

the study period in ~he highest dosing group (Butenhoff et al 2007) compared to non- 

exposed controls. A short tefrn study of rats administered high doses of PFOA for up Io 5 

days showed falls in FT4, 3q-4 and ~q-3 (Martin et al 2007). 

Previous Epidemiolo~ic Studies of Adult Thyroid Disease and Thyroid Hormone~ Conducted 

by Otl~ers 

The association between PFOA serum levels and reported diagnosed thyroid d~eases ~’~as 

been explored in non-occupalional populations with low exposu[e levels. A cr~ss-sectic~]al 

analysis of PFOA concentrations and self-reported thyroid disease in the 

population (n=3,966) showed an odds ratio (OR) of 2.2 (95% CI: 1.4, 3.7) for thyroid disease 

in association wit~ the highest versus first and second quartiles of serum PFOA in females 

(PFOA mean=3.77 ng/mL) (Melzer el al. 2010). The age of diagnosis was not given and 

there is concern that the serum PFOA levels measured at the time of the survey may not 

accurately reflect levels prior to diagnosis, as the disease had begun many years ago in 

some cases. In a small study of pregnant Canadian women with hypothyroxinemia (n=96) 

higher serum PFOA concentrations were not found when compared to matched controls 

(n= 175) (Chan et al., 2011). 

There have been several small studies of thyroid hormone levels in workers with 

occupational exposure to PFOA. They all involve small populations with much higher serum 

PFOA levels than the average in the community. In the first, Olsen et al. (1998) assessed 

TSH in two p~pulations of 111 and 80 workers and found no clear evidence of an 

association between levels of TSH and PFOA category. In a 2000 study including 518 

workers from two chemical plants, PFOA was positively associated with increases in T3_ 

Other measured thyroid hormones, such as TSH, TT4 or FT4 were not associated with 

PFOA (Olsen et al_, 2003). A new cross-sectional analysis of data including a male 

subsample of the 2000 survey and male workers from another plant (n=506) showed a 

negative associalion between PFOA and FT4 and positive with T3, but not with TSH o[ TT4 

(Olsen et al., 20D3). In the 2000 studies, Olsen et al. reported that results were not of clinical 

relevance since most hormone measurements were within reference ranges (Olsen and 

Zobel, 2007). These occupational studies were consistent in showing no associations with 

TSH, but inconsistent with regard to associations with PFOA. 

One small non-occupational study of a community (n=31) of anglers from New York, found 

no association for serum levels of PFOA and TSH or FT4 (Bloom et al., 2010). Two studies 

of adults in the Mid-Ohio Valley have been published previously by other investigators. The 
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‘smaller study reported no evidenceofan association batwesn PFOA and TSH levels in
‘exposed residents (v=371) Iving in the most contaminated of the 8 water districts in the C8
Hoalth Project area (Emmet: ot al, 2006). An analysis oftho C8 Health Project data cariod
out by Knox et al (2010), reported associations between TT4 and PFOA particularly among
women (as the Science Panel has found and is summarized below). They reported no
evidence of associaton with TSH. The main difference wih respect 0 the Science Pane!
Study is that they divided the population above and below age 50 and they looked for trends.
across quintle groupingsof PFOA. Theycid not consider sub-cinical thyroid disease,

‘Enidemioionic Studies of Tnyroid Disease and Function Conducted by the Science Panel

1) The Science Panel community and worker follow up study (described above) examined
the association between PFOA exposure and incidence of raparted diagnoses of thyroid
discace among adult community residents andplant workers who were interviowed by the
‘Science Panel,

Al subjects were interviewed during 2008.2011 regarding thelr medical istry, including
nonmalignant thyroid disease. Participants reporting thyroid disease were asked to classify
their thyroid disease by type (hypothyroidism, hyperthyroidism, goiter, Grave's disease,
Hashimoto's disease, specified other), and to report their age at diagnosis and whether they.
had received medication for he disease. Tha analysis was restricted to hose bom during or
after 1920, and thyroid diseaseoccurrencewas restricted to age 20 years or lder.

Atotal of 3,633 paricipants reported functional thyroid disease (which excludes neoplasms,
‘congenital dissase,noduleswithout functional changes, cysts, and unspecified types); and
3,027 (83%) reported taking medicationfo their disease. TheScience Panel sought
medical records to confirm these cases, and was abe to vaidale the diagnoses for 2,108
cases (70%), ofwhich 400 were classified as cases of hyperthyroidism and 1.442 cases of
hypothyroidism. There were about six tes more Cases among women than men. Rosuls
‘summarized here are restited to validated cases of functional thyroid disease.

The main statistical approach was a multvartate sunival analysis, which modeled disease.
isk as a function of the cumulative exposure index up to dace of diagnosis tme (sum of
yearly modeled serum PFOA concentration estimates), controling for gender, race,
‘education, smoking, and alcohol use. Analyses were performed which either included or
‘excluded the time before they had exposure 10 elevaled PFOA through contaminated
drinking waterorstarting employment in the plant. For each analysis, we assessedhe
overal trendof isk with increasing exposure and examined the pattem of isk with exposure.
by grouping PFOA levels into guintics.
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smaller study reported no evidence of an association between PFOA and TSH levels in 

exposed residents (n=37"1) living in the most contaminated of lhe 6 water districts in the C8 

Health Project area (Emmett et al., 2006). An analysis of the C8 Health Project data carried 

out by Knox et al (2010), reported associations beb~een 3"3"4 and PFOA particularly among 

women (as the Science Panel has found and is summarized below). They reported no 

evicJence of associalJon with TSH. The main difference with respect to the Science Panel 

study is that they divided the population above and below age 50 and Key looked for trends 

across quintile groupings of PFOA. They did not consider sub-clinical thyroid disease. 

Epidemioloqic Studies of Thyroid Disease and Function Conducted by the Science Panel 

1) The Science Panel community and worker follow up study (described above) examined 

the association between PFOA exposure and incidence of reported diagnoses of thyroid 

disease among adult community residents and plant workers who were interviewed by the 

Science Panel. 

Al! subjects were interviewed during 2008-20! 1 regarding their medical history, including 

non-malignant thyroid disease. Participants reporting thyroid disease were asked to classify 

their thyroid disease by type (hypothyroidism, hyperthyroidism, goiter, Grave’s disease, 

Hashimoto’s disease, specified other), and to report their age at diagnosis and whether they 

had received medicalion for the disease_ The analysis was restricted to those born during or 

after 1920, and thyroid disease occurrence was restricted to age 20 years or older. 

A total of 3,633 participants reported ’functional’ thyroid disease (which excludes neoplasms, 

conger~ital disease, nodules without functional changes, cysts, and unspecified types); and 

3,027 (83%) reported taking medication for their disease. The Science Panel sought 

medical records to confirm these cases, and was able to validate the diagnoses for 2,109 

cases (70%), of which 400 were classified as cases of hyperthyroidism and 1,442 cases of 

hypothyroidism. There were about six times more cases among women than men. Results 

summarized here are restricted to validated cases of functional thyroid disease. 

The main statistical approach was a multivariate survival analysis, which modeled disease 

risk as a function of the cumulative exposure index up to date of diagnosis time (sum of 

yearly modeled serum PFOA concentration estimates), conlrolling for gender, race, 

education, smoking, and alcohol use. Analyses were performed which either included or 

excluded the lime before lhey had exposure to elevated PFOA through contaminated 

drinking water or starting employment in the plant. For each analysis, we assessed the 

overall trend of dsk with increasing exposure and examined the pattern of risk with exposure 

by grouping PFOA levels into quinliles. 
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“The main analyses considered all cases of thyroid disease through the study period, with
mostof them occurring prior to enrolment into the C8 Health Project in 2005-6, We also.
‘conducted prospective analyses resticted to cohort members who participated in the C8
Health Project in2005-2008and folowed through 2010-2011. For the prospective analyses,
‘analyses were performed both in relation to the measured levels of PFOA in 2006-2008, and
cumulative exposure callbrated to the 2005-2008 measured levels, Numbers in tis analysis
are thus smaller, butthis approach alowedus toassessthe association between measured
PFOA levels in 2005/6 and the risk of new thyroid disease occuring in the next ive years

In the main overall analysis (both sexes together) there was a slight increasing trend of
functional thyroid disease vith increasing cumulative PFOA in serum (RRs 10, 12.12.13,
and 1.3 across the categories; p-value for r2nd=0.09) This trend was more pronounced.
‘among women (RRs 1.0, 12, 13, 1.4, 14, p-valuefor rend=0.03), andabsent among men
(RRS 10,11,08,10,1.1; p-value rend=0 85) Among women, a positive trend was seen
for both hypothyroidism (RRs 1.0, 1.3, 13, 13, 1.5; p-valuefor rend=0.08) and
hypertyroicism (RRS 1,0, 1.0, 1.3,1.5, 1.4; p-value for ¥end=0.07). Part of tistrendwas:
driven by the contrast between a lower reported ate for the time prior o entering the cohort
and vend was smaller afte rosticting the analyss to the experience after moving into the
Study area or starting employment: the trend for functional thyroid disease in women was.
much weaker (RRS 1.0, 10, 1.1, 1.1, 1.1, pvalus for rend=0.18), as was the trend for
hypertyroicism in women (RR 1.0, 0.9, 1.2, 1.2, 1.2; pvalue or rend=0.17). Prospective.
‘analyses (878 casos) applied the same method following the baseline survey to estimate.
RRs for disease onset ate the imeof the C8 Health Project and excludedpeoplewho had
developed thyroid disease beforthatage. Although there were no clear associations for
‘men and women combine for overall functional thyroid disease, in analyses done
‘separately for each sex and typeof thyroid disease using cumulative modeled exposure,
some oositive trendswereseen. For hyperthyroidism in women, the RRs were 1.0, 13, 2.1
1.2, and 1.7 (p-value for rend=0.26), whi for men there were too few casesfor meaningful
‘analysis (=18). For hypothyroidism in women, RRs were 1.0, 1.4.09, 09, and 09 (10

trend),whilefo menfor hypothyroidismtheywere 1.0.1.1. 1.3, 1.5, and 2.0(p-valuefor
7end=0.02). Using measured exposurein 2005-2008, the hyperthyroidismRRsforwomen
wera 1.0,26, 2:3, 2.5 and 27 (p-value for tren=0. 10), whils for male hyperthyroidism there
Wer 00 few cases to analyze. For hypothyroidism for women the RR were 1.0,07,07,
07, an40.8 (p-value for inverse trond p=0.16), while for men RRs were 1.0,08,21, 18,
2422 (p-value for rend=0.10}

‘Overal,therewas some evidence of a relationship between thyroid disease and estimated
PFOA exposure, bu results were inconsistent across sex, type of thyroid disease, inclusion
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The main analyses considered all cases of thyroid disease through the study period, with 

most of them occurring prior 1o enrollment inlo the C8 Health Project in 2005-6_ We also 

conducted prospective analyses restricted to cohort members who participated in the C8 

Health Project in 2005-2006 and followed through 201 O-2011. For the prospective analyses, 

analyses were performed both in relation to the measured levels of PFOA in 2005-2006, and 

cumulative exposure calibrated to the 2005-2006 measured levels. Numbers in this analysis 

are thus smaller, but this approach allowed us to assess the association between measured 

PFOA levels in 2005/6 and the risk of new thyroid disease eccurring in the nexl five years. 

In the main overall analysis (both sexes together) there was a slight increasing trend of 

functional thyroid disease with increasing cumulative PFOA in serum (RRs t .0, 1.2, t.2, 1.3, 

and 1.3 across the categories; p-value for trend:0.09). This trend was more pronounced 

among women (RRs 1.0, 1.2, 1.3, 1.4, 1.4; p-value for trend=0.03), and absent among men 

(RRs 1.0, 1.1, 0.8, 1.0, 1.1; p-value trend=0.85). Among women, a positive trend was seen 

for both hypothyroidism (RRs 1.0, 1.3, 1.3, 1.3, 1.5; p-value for trend=0.08) and 

hyperthyroidism (RRs 1,0, 1.0, 1.3, 1.5, 1.4; ~value for trend=0.07)o Part of this trend was 

driven by the contrast between a lower reported tale for the time prior to entering the cohort 

and trend was smaller after restricting the analysis to the experience after moving into the 

study area or starting employment: the trend for functional thyroid disease in women was 

much weaker (RRs 1.0, 1.0, 1.1, 1.1, 1.1 ;, p-value for trend=0.-18), as was the trend for 

hyperthyroidism in women (RRs t .0, 0.9, 1.2, 1.2, 1.2; p-value for trend=0.17). Prospective 

analyses (878 cases) applied the same method following the baseline survey to estimate 

RRs for disease onset after f.he time of the C8 Health Project and excluded people who had 

developed thyroid disease before that age. Although there were no clear associations for 

men and women combined for overall functional thyroid disease, in analyses done 

separately for each sex and type ol~ thyroid disease using cumulative modeled exposure, 

some ~3ositive trends were seen. For hyperthyroidism in women, the RRs were 1.0, 1.3, 2.1, 

1.2, and 1.7 (p-value for trend-0.26), while for men there were too few cases for meaningful 

analysis (n=16). For hypothyroidism in women, RRs were 1.0, 1.4. 0.9.0.9, and 0.9 (no 

trend), while for men for hypothyroidism they were 1.0, 1.1, 1.3, 1.5, and 2_0 (p-value for 

trend=0.02). Using measured exposure in 2005-2006, the hyperthyroidism RRs for women 

were 1.0, 2.6, 2.3, 2.5 and 2.7 (p-value for trend=O.10), while for male hyperthyroidism there 

were too few cases to analyze. For hypothyroidism for woman the RRs were 1.0, 0_7, 0.7, 

0.7, and 0.8 (p-value for inverse trend p=0.15), while for mer~ RRs were 1.0, 0.8, 2.1, 1.8, 

and 2_2 (p-value for trend=O_ 10). 

Overall, there was some evidence of a relationship between thyroid disease and estimated 

PFOA exposure, but results were inconsistent across sex, type of thyroid disease, inclusion 
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or excusionofexperience before ons of levatad exposure, and inthe main versus
prospecive analysis. Subgroup analyses provided some evidence of an association of
PFOAexposurowith hyperthyroidism among fomales in both the main and prospoctie (post
12005-2008) analyses, and for PFOA and hypothyroidism among males in prospective.
anaiyses only

2) A second Science Panel study examined thyroid hormones in reetion to measured PFOA
serum levels in aduit participants in the C8 Health Project as described above. This
‘examined both shift in average hormone levels and shfs in hormone levels ofa sufficient
magnitude to indicate eary thyroid disease.

In the CB Health Project, 50,680 adit participants surveyed in 2005-2006 provided serum
‘samples which permite analysis of 3 thyrod markers (TSH, TT4 and FT), in reaton to
‘measured PFOA. As treatment for diagnosed thyroid disease affocs these markors,
participants who had reported thyroid disease were excluded from the analyses. After
adjusting for age and sex, we assessed the overal rend in the relationship batween each
outcome and PFOA (each log iansfommed). Rests are presented 2sthe estimated change
in 63ch hormone across the interquartile range of exposure which contrasts the 75th to the
25th percentile for PFOA exposure estimate for each sex. The interquartile range of
‘exposure for men was 16 10.85 ngiml of PFOA in serum andforwomen 11 to 59 ngiml

Therewas some evidence of a positive but very small association between elevated PFOA
‘and elevated TSH for both sexes (1.2% increase for men (95%C1 0202.3) and 16% for
women (SSC 0.4 10 2.8)fo th interquartile range. Both TT4 and FTI aso showed small
postive associations with exposureforwomen (1.2% and 0.4% increases respeciively) but
for males there was no evidence of an association between PFOA and TT4 or FTI. These
‘small changes are generally within thenormal range

A second outcome studied was subclinical thyroid disease among those who had not
reported diagnosed thyroid disease, indicated by reduced TSH suggesting hyperthyroidism,
of raised TSH suggesting hypothyroidism. We acjusted for age and sex and present the risk
forthe interquartie contrast in PFOA serum levels. As expected subclnical hypothyroidism
Wasmorecommon (1184 in men and 1236 in women), than subclirical hyperthyroidism (351
in men and 456 in women) but each provide sufficient numbers for analysis. Previous
Studles have shown that subclinical hypothyroidism Indicates a iskof progressing t overt
hypothyroidism (2% to 5%peryearprogress), whereas this i less the case fo subcinical
hypertyroicism, (1% to 2% per year progress to develop overt hyperthyroidism) (Surks et al
1994),
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or exclusion of experience before onset of elevated exposure, and in the main versus 

prospective analysis. Subgroup analyses provided some evidence of an association of 

PFOA exposure with hyperthyroidism among females in both the main and prospective (post 

2005-200B) analyses, and for PFOA and hypothyroidism among males in prospeclive 

analyses only. 

2) A second Science Panel study examined thyroid hormones in relation to measured PFOA 

serum levels in adult participants in the C8 Health Project, as described above. This 

examined both shifts in average hormone levels, and shifts in hormone levels of a sufficient 

magnitude to indicate early thyroid disease. 

In the C8 Health Project, 50.680 adult participants surveyed in 2005-2006 provided serum 

samples which permitted analysis of 3 thyroid markers (TSH, TT4 and FTI), in relation to 

measured PFOA. As treatment for diagnosed thyroid disease affects these markers, 

participants who had reported thyroid disease were excluded from the analyses. After 

adjusting for age and sex, we assessed the overall trend in the relationship between each 

outcome and PFOA (each log transformed). Results are presented as the estimated change 

in each hormone across the interquadile range of exposure which contrasts the 75th to the 

25th percentile for PFOA exposure estimate for each sex. The interquartile range of 

exposure for men was 16 to 85 ng/ml of PFOA in serum and for women 11 to 59 ng/mL 

There was some evidence of a positive but very small association between elevated PFOA 

and elevated TSH for both sexes (1.2% increase for men (95%CI 0.2 to 2.3) and 1.6% for 

women (95%Cl 0.4 to 2.8) for the interquartile range. Both -rT4 and FTI also showed small 

positive associations with exposure for women (1.2% and 0.4% increases respectively) but 

for males there was no evidence of an asseciatien between PFOA and TT4 or FTI. These 

small changes are generally wilhin the normal range. 

A second outcome studied was subclinical thyroid disease among those who had not 

reported diagnosed thyroid disease, indicated by reduced TSH suggesting hyperthyroidism, 

or raised TSH suggesting hypothyroidism. We adjusted for age and sex and present the risk 

for the interquadile contrast in PFOA serum levels. As expected subclinical hypothyroidism 

was more common (1184 in men and 1235 in women), than subclinical hyperthyroidism (351 

in men and 456 in women) but each provide sufficient numbers for analysis. Previous 

studies have shown that subclinical hypothyroidism indicates a risk of progressing to overt 

hypothyroidism (2% to 5% per year progress), whereas this is less the case for subclinical 

hyperthyroidism, (1% to 2% per year progress to develop overt hyperthyroidism) (Surks et al 

1994). 
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Results of analyses fo subclinical disease showed a differance between hypothyroidism and
hyperthyroidism. RRs for subclinicalhypothyroidismwere close to 1 (no association)forboth
‘menandwomenwith an RRof 0.06 (95%CCI 0.88-1.04)for menand0.67 (95%CI C10.89
1.05) for women for an nterquartie rangecontrast in exposure. For hyperthyroidism, there.
was a significant inverse relationship with PFOA (reduced risk) with an OR of 0.83 (96%CI
0.71100.92) for men and 0.76 (85%CI 0.66 0.0.88) for women for the inerguartle
contrasts.

‘Thess analyses were repeated using the modeled PFOA serum estimates developsd by the
‘Science Panel (a5 apposed to the measured serum valuss) to remove the potential for
reverse causaity in which altered thyroid function might ffect serum PFOA levels. We used
the modeled values estimated at the timeofblood samping (SHin etal 2011). Associations.
in the same direction as those reported above were found, bul weake in magnitude.

(Overall therefore these resuits are consistent with a weak posite association between
hormone levels and measured TSH, more apparent orwomen than for men (as ths was.
found n relation 0 both modeled and measured PFOA). For subclinical thyroid disease,

therewas consistent evidence of a reduced isk for hyperthyroidism (tor women only) in both
modeled and measured PFOA. The increase in averageTSH could be consistent with ther
‘an increased risk of hypothyroidism or reduced isk for hyperthyroidsm

In a subsample of this study was recited for futher bood testing by the Sciencs Panel. In
2010, 766 adult volunteers, who had been inthe first survey in 2005-2008, provided blood
‘samples and, in addition to the same thyroid hormones measured eater and repeated (TT4,
TSH and TS uptake), additionally FT4, a beter marker of thyrcid function.

“Three further analyses were undertaken (0 examine associations between PFOA and thyroid
function. We assessed) the assaciation between FT4 and PFOA, i) whether thyroid
hormone levels changed in parallel with changesIn PFOA lavels between 2005 and 2010,
andi) the association between PFOA and markers of auto-immunethyroid disease. In ths
subgroup with repeated measurements, there were 679 without reported thyrcid disease.
We found no evidence of association between F™4 and PFOA. The relationship between
the change in PFOA (averaging a 50% drop) and any change in TSH, TT or FTI was
investigatedfo the 679 participants without pre-existing reported thyroid disease. There was
Ite evidence of an association between change in these markers being correlated wih
change in PFOA, for exampie, the TSH in women rose by 7% (85%CI -4 to +18%) fora
halving of PFOA for women and TSH in men rose by 0% (95%C1 6 o +75),
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Results of analyses for subclinical disease showed a difference between hypothyroidism and 

hyperlhyroidism. RRs for subclinical hypothyroidism were close to 1 (no associalion) for both 

men and women with an RR of 0.96 (95%OI CI 0.88-1.04) for men and 0.97 {95%CI CI 0.89 

- 1_05) for women for an interquarlile rangeconlrast in exposure. For hyperthyroidisrn, there 

was a significant inverse relationship with PFQA (reduced risk) with an OR of 0.83 (95%CI 

0.71 to 0~92) for men and 0.;~6 {95%CI 0.66 to 0~88) for women for the interquartile 

contrasts. 

These analyses were repeated using the modeled PFOA serum estimates developed by the 

Science Panel (as opposed to the measured serum values) to remove the potential for 

reverse causality in which altered thyroid function might affect serum PFOA levels. We used 

the modeled values estimated at the time of blood sampling (Shin et al., 2011). Associations 

in the same direction as those reported above were found, but weaker in magnitude. 

Overall therefore these results are consistent with a weak positive association between 

hormone levels and measured TSH, more apparent for women than for men {as this was 

found in relation to both modeled and measured PFOA). For subclinical thyroid disease, 

there was consistent evidence of a reduced risk for hyperthyroidism (for women only) in both 

modeled and measured PFOA. The increase in average TSH could be consistent with either 

an increased risk of hypothyroidism or a reduced risk for hyperthyroidism. 

In a subsample of this study was recruited for further blood testing by the Science Panel. In 

2010, 755 adult volunteers, who had been in the first survey in 2005-2006, provided blood 

samples and, in addition to the same thyroid hormones measured earlier and repeated (TT4, 

TSH and T3 uptake), additionally FT4= a better marker of thyroid function. 

Three further analyses were undertaken to examine associations between PFOA and thyroid 

function. We assessed i) the associalion between FT4 and PFOA, ii) whelher thyroid 

hormone levels changed in parallel with changes in PFOA levels between 2005 and 2010, 

and iii) the association between PFOA and markers of auto-immune thyroid disease. In this 

subgroup with repeated measurements, lhere were 679 without reported thyroid disease. 

We found no evidence of association between F--4 and PFOA. The relationship between 

the change in PFOA (averaging a 50% drop) and any change in TSH, TT4 or FTI was 

investigated for the 679 participants without pre-existing reporled thyroid disease. There was 

little evidence of an associalion between change in these markers being correlated with 

change in PFOA, for example, the TSH in women rose by 7% (95%CI -4 to +19%) for a 

halving of PFOA for women and TSH in men rose by 0% (95%CI -6 to +7%). 
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In the same population, as a markerofauto-immune thyroid dysfunction, wo markers TPO
‘and Tg (human thyroid peroxidase and thyroglobulin) were measured and the correlation
with serum levals of PFOA investigated. Adjusting for age and sox, the associations wero
weak with TPO going up slighty and Tg faling, but both were close to nul with wide.
‘confidence limits. The regression coeficients log outcome vs log PFOA were 0.033 (95%CI
0.064100.129)for TPO 1d 0,019 (95%CI-0.088 t0-+0.060)forTg

‘These resus of futher tests in this subgroup did not indicate any relationship between
PFOA and FT4, TPOorTg in cross-sectional analyses, norchanges in TT4, TSHor FTI in
longitudinal analyses. The sample size is relatively small compared the large study of
hormones in the population of over 50,000 people, described above, but larger than the
previously published studies in other populations.

3) The Science Panel studyofchildhood thyroid disease and function found that oportod
thyroid disease was posively associated with measured PFOA seu levels in the child
(RR=1.44, 95% CI: 1.0210 2.03) for an interquartile contrast of 130.68 ngimL in serum
PFOA measured in 2005-2006. Most of the cases were reported as hypothyroidism (1=39),
‘and the association just or hypothyroidism was similar (RR=1.64, 95% C1. 1.00 10 237).
Thess associations are consistent in direction and magnitude forthe stricter definon of
reported thyroid disease combined with reported useof thyroid medication (RR=161, 95%
GI: 1.0710 2.51). Numbers of reported casesofryperthyroidismwere100 few to be:
informaive. For most of these children, they were paired with their mothers who provided
blood samples as well from which the maternal serum levels during pregnancy were
estimated. The isk of thyroid disease by maternal serum levels during pregnancy showed a
‘similar pattern (RR=1.61, 95% C1:0.96 to2 63). Tne study also reported cross sectional
‘analysesof thyrod hormones T4 and TSH in elation to measured PFOA in serum, including
‘subclinical hypothyroidism derived from raised TSH levels. No association was found with
these cinical markers amongthosewithout thyroid disease.

Evaluation

Ofthe evidence summarized above, by far the largest studies arethe Science Pane studies
of the Mic-Onio Valley popuiations. They provided inconsistent suggestions for an
‘association between PFOA and thyroid function or disease.

10 the Science Panel study of valdated diagnosed thyroid disease (study 1 above), there
was some evidence of a posiive relationship between thyroid isease and categories of
increasing PFOA exposure. This study provided evidence of an association of PFOA
‘exposure with hypothyroidism among fomalos in both the main and prospective (post 2005-
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In the same population, as a marker of auto-immune thyroid dysfunction, two markers TPO 

and Tg (human thyroid perexidase and thyroglobulin) were measured and lhe correlation 

with serum levels of PFOA investigated. Adjusting for age and sex, the associations were 

weak with TPO going up slighlly and Tg falling, but both were close to null wilh wide 

confidence limits. The regression coefficients log outcome vs log PFOA were 0.033 (95%CI - 

0.064 to 0.129) for TPO and -0.019 (95%CI -0.098 to + O.0eO) for Tg. 

These results of further tests in this subgroup did not indicale any relationship between 

PFOA and FT4, TPO or Tg in cross-sectional analyses, nor changes in TT4, TSH or FTI in 

longitudinal analyses. The sample size is relatively small compared the large study of 

hormones in the population of over 50,000 people, described above, but larger than the 

previously published studies in other populations. 

3) The Science Panel study of childhood thyroid disease and function found that reported 

thyroid disease was positively associated with measured PFOA serum levels in the child 

(RR=1.44, 95% CI: 1.02 to 2.03) for an interquartile contrast of 13 to 68 ng/mL in serum 

PFOA measured in 2005-2006. Most of the cases were reported as hypothyroidism (n=39), 

and the association just for hypothyroidism was similar (RR=1.54, £5% CI: 1.00 to 2.37). 

These associations are consistent in direction and magnilude for the stricter definition of 

reported thyroid disease combined with reported use of thyroid medication (RR=1.61, 95% 

CI: 1.07 to 2.51). Numbers of reported cases of hyperthyroidism were too few to be 

informative. For most of these children, they were paired wilh Iheir mothers who provided 

blood samples as well, from which the maternal serum levels during pregnancy were 

estimated. The dsk of thyroid disease by maternal serum levels during pregnancy showed a 

similar pattern (RR=i.61, 95% C1:0.96 to2.63). The study also reported cross sectional 

analyses of thyroid hormones T4 and TSH in relation to measured PFOA in serum, including 

subclinical hypothyroidism derived from raised TSH levels. No association was found with 

these clinical markers among those without thyroid disease_ 

Evaluation 

Of the evidence summarized above, by far the largest studies are the Science Panel studies 

of the Mid-Ohio Valley populations. They provided inconsistent suggestions for an 

association between PFOA and thyroid function or disease_ 

In the Science Panel study of validated diagnosed thyroid disease (sludy 1 above), there 

was some evidence of a positive relationship between thyroid disease and categories of 

increasing PFOA exposure. This study provided evidence of an association of PFOA 

exposure with hyperthyroidism among females in both the main and prospective (post 2005- 
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2009) analyses, andforPFOA and hypothyroidism among males in prospective analyses
only

“The other Scienca Pane studies (tucies 2 and 3 above) had results thatware inconsistent
withstudy 1. In the cross sectional analysis of hormones therewas a modest increase in
TSH (and one would expect on average a fallin TSH with hyperthyroidism) an the analysis:
of subsiinical disease found a clear inverse relationship between subclinical hyperthyroidism
‘and PFOA in women, and to a lesser extent in men. The cross-sectional analysis of
‘subciinical hypothyroidism showed no association

In children (mainly gs) there was a positive association based on (non-valdated) reported
thyroid disease and PFOA exposure either measured at the time of interviow (post
diagnosis) or estimated in utero

We careful considered how much weight o put on the diferent studies and analytic
‘approaches, particularly whether itis appropriate to add up the pieces of supportive.
vigence despite hair coming from different subsetsof individuals or diferent indicatorsof
thyroid disease. While each finding in isolation was not compelling, plausibly a esult of
hance o other armors, the presence of some independent piecesofevidence indicative of
‘anassociationwas not easily dismissed, despite a lack of coherence among them. Among
the positve pieces, thestrongest was the evidence of increased occurrence of medicaly
validated thyroid disease (hyperthyroidism inwomen, hypothyroidism in men) with increasing
measured PFOA exposure (2005-2008) inthe prospective analyses (2005-2010). Aer
taking nto account the available evidence in ts totality, despite inconsistencies in the
evidence, the Panel concluded that therewas evidence of a probable Ink between C8 and
thyroid disease.
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2006) analyses, and for PFOA and hypothyroidism among males in prospective analyses 

only_ 

The other Scienca Panel studies (studies 2 and 3 above) had results that were inconsistent 

with study I. In the cross sectional analysis of hormones there was a modest increase in 

TSH (and one would expect on average a fall in TSH with hyperthyroidism) and the analysis 

of subclinical disease found a clear inverse relationship between subclinical hyperthyroidism 

and PFOA in women, and to a lesser extent in men. The cross-sectional analysis of 

subclinical hypothyroidism showed no association. 

In children (mainly girls) there was a positive association based on (non-validated) reported 

thyroid disease and PFOA exposure either measured at the time of interview (post 

diagnosis) or estimated in utero. 

We carefully considered how much weight to put on the different studies and analytic 

approaches, particularly whether it is appropriate to add up the pieces of supportive 

evic~ence despite their coming from different subsets of individuals or different indicators of 

thyroid disease. While each finding in isolation was not compelling, plausibly a result 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. Among 

the positive pieces, the strongest was the evidence of increased occurrence of medically 

validated thyroid disease (hyperthyroidism in women, hypothyroidism in men) with increasing 

measured PFOA exposure (2005-2006) in the prospective analyses (2005-2010)_ After 

taking into account the available evidence in its totality, despite inconsistencies in the 

evidence, the Panel concluded that there was evidence of a probable link between C8 and 

thyroid disease. 
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