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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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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 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 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 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 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. 

3M MN02305880 

2368.0006 



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 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 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 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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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. 

Rel~erences 

Bloom, M. S., Kannan, K., Spliethoff, H. M., Tao, I., Aldous, K M. & Vena, J. E. 2010. 
Exploratory assessment of perrluorinated compounds and human thyroid function. Physiol 
Behav, 99, 240-5. 

Butenhoff, J., Costa, G., Elcombe, C., Farrar, D., Hanson, K., Iwai, H., Jung, R., Kennedy, 
G., Jr., Lieder, Po, Olsen, G. & Thomford, P. 2002. Toxicity of ammonium perfluorooctanoate 
in male cynomolgus monkeys after oral dosing for 6 months. Toxicol Sci, 69, 244-57. 

Chan, E., Burstyn, I., Cherry, N., Bamforth, F. & MaRin, J. W. 2011. Perfluorinated acids and 
hypothyroxinemia in pregnant women. Environ Res, 111,559-64. 

Cooper, D. S. & Biondi, B. 2012. Subclinical thyroid disease. Lancet, 379, 1142-54. 

Emmett, E. A., Zhang, H., Shofer, F. S_, Freeman, D_, Rodway, N. V., Desai, C. & Shaw, I. 
M 2006. Community exposure to pedtuorooc~anoate: relationships between serum levels 
and certain health parameters. J Occup Environ Med, 48, 771-9 

3M MN02305885 

2368.0011 



12 

Frisbee, S. J., Brooks, A. P., jr., Maher, A., Flensborg, P., Arnold, S., Fletcher, T., Steenland, 
K., Shankar, A., Knox, S. S., Pollard, C., Halverson, J. A., Vieira, V. M., Jin, C., Leyden, K. 
M. & Ducatman, A. M. 2009. The C8 health project: design, methods, and parlicipants. 
Environ Health Perspect, 117, 1873-82. 

Knox, S. S., Jackson, T., Javins, B. & 2011. Perfluorocarbon exposure, gender and thyroid 
function in the C8 Health Project. J Toxicof Sci, 36, 403-10. 

Lopez-espinosa, M. J., Mondal, D., Armstrong, B., Bloom, M. S. & Fletcher, T. 2012. Thyroid 
Function and Perfluoroalkyl Acids in Children Living Near a Chemical Plant_ Environ Heaffh 
Perspect 120(7): 1036-4i. 

Martin, M.T., Brennan, R.J., Hu, W., Ayanoglu, E., Lau, C., Ren, H., Wood, C.R., Cotton, 
J.C., Kavlock, R.J., Dix, D.J., 2007. Toxicogenomic study of triazole fungicides and 
perfluoroalkyl acids in rat livers predicts toxicity and categorizes chemicals based on 
mechanisms of toxicity. Toxicol. Sci. 97, 595-613. 

Melzer, D., Rice, N., Depledge, M. H., Henley, W. E & Galloway, t. S. 2010. Association 
between serum perfluorooctanoic acid (PFOA) and thyroid disease in the U.S. National 
Health and Nutrition Examination Survey. Environ Health Perspect, 118, 686-92. 

Olsen, G.W., Burris, J. M., Burlew, M M. & Mandel, J. H. 2003. Epidemiologic assessment 
of wor~er serum perfluorooctanesulfonate (PFOS) and perfluorooctanoate (PFOA) 
concentrations and medical surveillance examinations. J Occup Environ Med, 45, 260-70. 

Olsen, G. W., Gilliland, F. D., Burlew, M. M., Burris, J. M, Mandel, J. S. & Mandel, J. H. 
1998. An epidemiologic investigation of reproductive hormones in men with occupational 
exposure to perfluorooctanoic acid. J Occup Environ Med, 40, 614-22. 

Olsen, G. W. & Zobel, I. R. 2007. Assessment of lipid, hepatic, and thyroid parameters with 
serum perfluorooctanoate (PFOA) concentrations in fluorochemical production workers, lnt 
Arch Occup Environ Health, 81,231-46. 

Shin HM, Vieira VM, Ryan PB, Detwiler R, Sanders B, Steenland K, Barlell SM. 2011a 
Environmental Fate and Transport Modeling for Perfluorooctanoic Acid Emitted from the 
Washington Works Facility in West Virginia. Environ Sci Technol, 45:1435-42. 

Shin HM, Vieira VM, Ryan PB, Steenland K, Bartell SM 20-1 lb. Retrospective exposure 
estimation and predicted versus observed serum perfluorooctanoic acid concentrations for 
participants in the C8 Health Project. Environ Health Perspect; doi:10.1289/ehp. 1103729 
[Online 3 Aug 2011]. 

Surks, M. I., Ortiz, e., Daniels, G. H., Sawin, C. T., Col, N. F., Cobin, R. H., Franklyn, J. A., 
Hershman, J. M., Burman, K. D., Denke, M. A., German, C., Cooper, R_ S. & Weissman, N. 
J. 2004. Subclinical thyroid disease: scientific review and guidelines for diagnosis and 
management. Jam& 291,228-38 

Woskie S, Gore R, Steenland K, Retrospective exposure assessment of perfluorooctanoic 
acid (PFOA) serum concentrations at a fluoropolymer manufacturing plant, in press 2012 

3M MN02305886 

2368.0012 


