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ABSTRACT
‘The 3M fluorcchemical medical surveillance program was conducted in 1994/95,

1997 21d 2000 atthe company's Antwerp (Belgium) and Decatur (Alabama)
manufacturing plants. Although cross-sectional assessmentsofthe dat have been
reported, the opportunity to conduct a longitudinal assessment became possible ss a result
of large numberofemployes paricipants in the 2000 fluorochemical medical

surveillance program. A total of 175 male employees voluntarily participated in the 2000
programandatleast oneofthe twoprevious program years. Atotalof 106 (61percent)
of the 175 employees participated in the 1994/95 program and 110 (63 percent) of the

175 paricipaied in the 1997 program, Of these 175 employees, a toalof 41 (24 percent)
participated in all three years (Antwerp = 21, Decatur = 20), 65 (37 percent) participated
in 199495 and 2000 (Antwerp = 45, Decatur =20) nd 69 (39 percent) pariipatedin
1997 and 2000 (Antwerp= 34, Decatur = 35). There were insufficient number of female.
employeestoconduct any meaningful longitudinal assessment. Only 14 female
employees participated inthe2000 fluorochemical medical surveillance program and at

least oneofthe previous program years.
‘Serum perflurooctanesulfonate (PFOS) and pefluorooctanoate (PFOA) were

assayed in each surveillance program year although the method of analysis (high

performance liquid chromatography mass spectrometry) differed slightly becween years.
A different research laboratory was usd 0 assay PFOS and PFOA in each year.

“The same hospital laboratory analyzed the clinical chemistriesfor all tree

surveillance years. These included: choleserol (mg/d. high density lipoproteins (HDL.

(
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ABSTRACT 

The 3M fluor~chemical medical surveillance pro.m"am was conducted in t994/95, 

1997 and 2000 at the company’s Antwerp (Belgium) and Decatur (Alabama) 

manufacturing plants. Althou~ cross-sectional assessments of the data have 

reported, the opportunity to conduct a longitudinal assessment became possible as a result 

of a large number of employee participants in the 2000 fluorochemical medical 

surveillance program. A total of 175 male employees voluntarily participated in the 2000 

program and at least one of the two previous program years. A total of 106 (61 percent) 

of the 175 employees participated in the 1994/95 program and 1 l0 (63 percent) of the 

175 parti¢ipatedin the 1997 program. Of these 175 employees, a total of 41 (24 percent) 

participated in all three years (Antwerp = 21, Decatur = 20), 65 (37 percent) participated 

in 1994/95 and 2000 (Antwerp = 45, Decatur = 20) and 69 (39 percent) participated in 

1997 and 2000 (Antwerp = 34, Decatur - 35). There were insufficient number of female 

employees to conduct any meanin~ul lon~tudinal ~sessment. Only 14 female 

employees participated in the 2000 fluorochemical medical surveillance program and at 

least one of the previous program years. 

Serum peffluorooctanesulfonate (PFO$) and perfluorooctanoate (PFOA) were 

assayed in each surv, eillance program year although the method of analysis (high 

performance liquid ¢h .romatography mass spectrometry) differed sli~tly between years. 

A different research laboratory was used to assay PFOS and PFOA in each year. 

The same hospital laboratory analyzed the clinical chemistries for all thre~ 

surveillance years, These included: cholesterol (m~dl), high density lipoproleins (HDL, 
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mg/dl) and riglycerides (mg/d: alkaline phosphatase (IU/L), gamma glotamyl

transferase (GOT. TUL), aspartate aminotransferase (AST, IU/L), alanine

aminotransferase (ALT, IU/L). total and direc bilirubin (mg/d). Most reference ranges
remainedreliivelyconsan: ovetimeexcept for ALT. In each surveillance year,

‘potential confounding factors were alsodetermined. These covariates included age, body

‘mass index, numberof alcoholic drinks per day and cigareties smoked per cay.
The continuous outcomesof lipid andhepaticclinical chemistry tests were

evalusied as repeated measures incorporating the random subject effect fied 10 a mixed
model by the MIXED procedure inthe SAS statistical package. Restricted maximum
likelihood estimates of variance parameters were computed. Adjusted regression models

were built by indroducing all covariatesandtesting the covariance structure. Significant
coefficients were defined when the value was < 05.

( There was a posiive association bevween PFOA and serum cholesterol and

wiglycerides over time but not with PFOS. This was association was limited © the

Antwerp employees and, in particular, the 21 Antwerp employees who participated inal
thee surveillance years. Ths positive association between PFOA and serum lipids is

oppositeth inconsistent toxicological evidence that suggested a possible hypolipidemic
effect of PFOA in rodents and no effec in primates. Adjusting for potential confounders,
there were no temporal changes associated with the flucrochemical tess, PFOS. PFOA
and TOF. and the hepatic clinical chemisry tests.

Limitations of this study included the number ofemployees with three years of

surveillance data (only 245% of the 175 subjects), the inability to analyze temporal

changes duet small numbers in female employes, the useofdiffernt laboratories and
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m~dl) and triglycerides (m~dl); alkaline phosphatase (IU/L), gamma glutamyl 

transferase (GGT, IU/L), aspartate aminotransferase (AST, [U/L), alanine 

aminotransferase (ALT, I’U/L). total and direct bilirubin (m~dl). Most reference ranges 

remained relatively constant over dine except for ALT. In each surveillance year, 

potential confounding factors were also determined. These covariates included age, body 

mass index, number of alcoholic drinks per day and cigarettes smoked per day. 

The continuous outcomes of lipid and hepatic clinical chemistry tests were 

evaluated as repeated measures incorporating the random subject effect fitted to a mixed 

model by the M!XED procedure in the SAS statistical package. Restricted maximum 

likelihood estimates of variance parameters were computed. Adjusted regression models 

were built by introducing all covariates and testing the covariance structure. Significant 

coefficients were defined when the p value was < .05. 

There was a positive association between PFOA and serum cholesterol and ¯ 

triglycerides over time but not with PFOS. This was association was limited to the 

Antv,’erp employees and, in particular, the 21 Antwerp employees who participated in all 

three surveillance years. This positive association between PFOA and serum lipids is 

opposite the inconsistent toxicological evidence that suggested a possible hypolipidemic 

effect of PFOA in rodents and no effect in primates. Adjusting for potential confounders, 

there were no temporal changes associated with the fluorochemical tests, PFOS, PFOA 

and TOF. and the hepatic clinical chemistry, tests. 

Limitations of this study included the number Of employees with three years of 

surveillance data (only 24% of the 175 subjects), the inability to analyze temporal 

changes due to small number~ in female employees, the use of different laboratories and 
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the associated systematic (experimental error) with each fluorochemical assay for the

three surveillance program years and the lower levels ofserum PFOS and PFOA .

measured in each program year among these employees compared with those that cause:

effects in laboratory animals.
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the associated systematic (experimental error) with each fluorochemical assay for ~he 

three surveillance pros~am years and the lower levels of serum PFOS and PFOA 
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INTRODUCTION

“The 3M Auorochemical medical surveillance program is conducted on a routine

basisatthe company's Antwerp (Belgium) andDecatur (Alabama) manufacturing plants,

Employes paricipation is voluntary. Prioro 1994, only otal organic fluorine was

measured and no specific luorochemical analytes were measured. Serum
perfluorooctanesulfonate (PROS) and perfluorooctanoate (PFOA) have been routinely
assayed since 1994/95 rather than total organic fluorine as theanalytical capabilities have:

improved. Cross-sectional analyses ofthe 1994/95 and 1997 medical surveillance:

program data and the 2000 data in relation to Antwerp andDecaturemployes’ serum

PFOS levels have been repored elsewhere (Olsen ct al, 1999a, 1999, 2000). Inthe

19941995 medical surveillance program,a total of 178 male employees paricipaied

(Antwerp = 88; Decatur = 90) and 149 male employees participated in the 1997 program

(Antwerp = 65; Decatur = 34). For these two program years, there were too few female

participants to include inthe data analysis (Olsen et al 1998). In the 2000 fluorochemical

medical surveillance program. there were considerably more participants: 421 males

(Antwerp = 206; Decatur = 215) and 97 females (Anowerp = 49; Decar= 48). It was

suspected that the increased voluntary participation in 2000 was due to increased

employee awarenessofth persistence and prevalence of PFOS in human tissue and the

environment and the company's May 16. 2000 phase out announcement that it would

cease the production of perluoroocianyl chemistry in certain repellents and surfactants

by the end of 2000.

Regardlessofthe surveillance year, there have been several consistentdifferences.

between the Antwerp and Decatur male employee populations. The Antwerp male:
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kNTRODUCTION 

The 3M fluorochemical medical surveillance program is conducted on a routine 

basis at the company’s Antwerp (Bel~urn) and Decatur (Alabaraa) manufacturing plants. 

Employee pa.nicipation is voluntary. Prior to 1994, 0nly total organic fluorine was 

measured and no specific fluorochemical analytes were measured. Serum 

perfluorooctanesu[fonate (PFOS) and perfluorooctanoate (PFOA) have been routinely 

assayed since 1994/95 rather than total organic fluorine as the analytical capabilities have 

improved. Cross-sectional analyses of the 1994/95 and 1997 medical surveillance 

program data and the 2000 data in relation to Antwerp and Decatur employees’ serum 

PFOS levels have been reported elsewhere (Olsen et al, 1999a, 1999b, 2001). In the 

1994/1995 medical surveillance program, a total of 178 male employees participated 

(Antwerp = 88; Decatur -- 90) and 149 male employees participated in the 199"] program 

(Antwerp = 65; Decatur = 8~t). For these two program years, there were too few female 

participants to include in the data analysis (Olsen et al 1998). In the 2000 fluorochemical 

medical surveillance program, there were considerably more participants: 421 males 

(Antwerp = 206; Decatur = 215) and 97 females (Antwerp -- dg; Decatur = 48). It was 

suspected that the increased voluntary participation in 2000 was due to increased 

employee awareness of the persistence and prevalence of PFOS in human tissue and the 

environment and the company’s May 16. 2000 phase out announcement that it would 

cease the production o(pcrfluorooctanyl chemistry in certain rcpcllent~ and surfactants 

by the end of 2000. 

Regardless of the surveillance year, there have been several consistent differences 

between the Antwerp and Decatur male employee populations. The Antwerp male 
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employee population has been significantly younger than Decatur, has had lower Body.

Mass Indices(BMDand higher self-reporteddailyconsumption of alcohol. In addition,
the Antwerp male employes population clinical chemistry profiles were different for

several tests including lower mean alkaline phosphatase and triglyceride values and

higher total bilirubin and HDL values than the Decatur male employee population.

Analysesof workers lipid and hepaic clinical chemisty results have not been associated

with hypolipidernic effectsand PFOS as reported in rodents (3M Company 2000;

‘Haughom and Spydevold 1992: eda ct al 1987; Pastoor ct al 1987:Seacatct al 20018;

‘Sohlenius etal 1993) and primates (Seacat tal 2001). In the 2000 medical surveillance:

program, statistical analyses also examined the relation between PFOAanda calculated

total organic fluorine index (TOP)toclinical chemistries, hematology, thyroidhormones

and urinalyses (Olsen etal 2001). A positive association was observed between

( triglycerides and PFOA: however, this association was opposite the data tat have

inconsistently reporteda hypolipidemia effect of PFOA in rodents (Haughom and

Spydevold 1992; Pastoor eal 1987) and no effect in primates (Butenhoffet al 2001).

Furthermore, this positive association between PFOAand triglycerides has not been

observed ai the 3M Conage Grove manufacturing plant (Olsen etal 2000) where.

employees’ serum levels have, historically, been much higher than those measured among

Antwerp and Decatur employees (Olsen et al 1999; 20013; Olsene al 20010).

“The inabilityto,assess temporal changes in cross-sectional studies is a well-

known limicaon of thisdesign. The large pariipationof employees in the 2000

Auorochemical medical surveillance who may have participated in the 1994/95 andlor

1997 surveillance programs at these two manufacturing sts allowed for an opportunity
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employee population has been si~ificantly younger than Decatur, has had lower Body 

Mass Indices (BMI) and higher self-reported daily consumption of alcohol. In addition, 

the Antwerp male employee population clinical chemistry profiles were different for 

several tests including lower mean alkaline phosphatas¢ and triglyceride values and 

higher total bilirubin and I-IDL values than the D~catur male employee population. 

Analyses of workers’ lipid and hepatic clinical chemistry r~sults have not been associated 

with hypolipidemic effects and PFOS as reported in rodents (3M Company 2000; 

Haughom and Spydevold 1992; Ikeda et al 1987; Pastoor et al 1987; Seacat et al 2001a; 

Sohlenius et al 1993) and primates (Seacat et al 2001b). In the 2000 medical surveillance 

program, statistical analyses also examined the relation between PFOA and a calculated 

total organic fluorine indc.x (TOF) to clinical chemistries, hematology, thyroid hormones 

and urinalyses (Olsen et al 2001). A positive association was observed between 

triglycerides andPFOA; however, this association was opposite the data that have 

inconsistently reported a h.vpolipidcmia effect of PFOA in rodents (Haughorn and 

Spyclevold 1992; Pastoor et al 1987) and no effect in primates (Butenhoffet al 2001). 

Furthermore, this positive association between PFOA and triglycerides has not been 

observed at the 3M Cottage Grove manufacturing plant (Olsen et al 20(30) where 

employees’ serum levels have, historically, been much higher than those measured among 

Antwerp and Decatur employees (Olsen et al 1999; 2001a; Olsen et al 2001b). 

The inability to, assess temporal changes in cross-sectional studies is a well- 

known limitation of this design. The large participation of employees in the 2000 

fluorochemical medical surveillance who may have participated in the 199ad95 and/or 

199"/surveillance programs at these two manufacturing sites allowed for an opportunity 
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0 conducta longitudinal analysis among the male employes population. Altogether, a
total of 175 employees (Antwerp = 100; Decatur= 75) who paricipated in 2000 had also.
participated ina least one previous fluorochemical medical surveillance exam since
1994/95. Therefor, the purpose of this analysis wast conducta longitudinal

assessment of this 6 year time period regarding the relaionshipofPFOS, PFOA and TOF

tothe medical surveillance data collected on these 175 Antwerp and Decatur male

employees.

METHODS 3

DataCollection
‘Data were compiled from the 199495, 1997 and 2000 flaorochemical medical

surveillance program databases. A total of 175 male employees paricipatedin the 2000

program anda least oneofthe two previous program years. A total of 106 (61 percent)

ofthe 175 employees pariipated in the 1994/95 program and 110 (63 percent)of the:

175 participated in the 1997 program.Ofthese 175 employees. a totalof 41 (24 percent)

participated in all thee years (Antwerp = 21, Decatur =20), 65 (37 perce) paricipaied

in 1994/95 and 2000 (Antwerp = 45, Decatur= 20) and69 (39 percent) participated in
1997 and 2000 (Antwerp = 34, Decatur = 35). For purposes ofbrevity, these thee

subpopulations will hereafier be refered to as subcohonts A, B and C.

‘Demographic data (age. BMY, alcoholic drinks per day and cigaretesperday)
were recordedforcach employee in each surveillance year. A standard setof clinical

chemistries and hematology data was also obainedforeach employee. Given results

from previous toxicological studies, the longitudinal analyses focused on lipid
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to conduct a longitudinal analysis among the male employee population. Altogether, a 

total of 175 employees (Antwerp = 100; Decatur = 75) who participated in 2000 had also 

participated in at least one previous fluorochemical medical surveillance exam since 

1994~95. Therefore, the purpose of this analysis was to conduct a longitudinal 

assessment of this 6 year time period regarding the relationship of PFOS, PFOA and TOF 

to the medical surveillance data collected on these 175 Antwerp and Decatur male 

employees. 

METFIODS 

Dam Collection 

Data were compiled from the 1994/95, 1997 and 2000 fluorocherr~cal medical 

surveillance prob.’am databases. A total of 175 male employees participated in the 2000 

program and at least one of the two previous program years. A total of 106 (61 percent) 

of the 175 employees participated in the 1994/95 program and 1 I0 (63 percent) of the 

175 participated in the 1997 program. Of these 175 employees, a total of 41 (24 percent) 

participated in all tl’u’ce years (Antwerp -- 21, Decatur = 20), 65 (37 pcn:ent) participated 

in 1994/95 and 2000 (Antwerp = 45, Decatur = 20) and 69 (39 percent) participated in 

1997 and 2000 (Antwerp = 34, Decatur = 35). For purposes of brevity, these three 

subpopulations will hat, after b¢ referred to as sabcohorts A, B and C. 

Demo.m’aphic d~ta (age, BMI, alcoholic drinks per day and cigarettes per day) 

were recorded for each employee in each surveillance year. A standard set of clinical 

chemistries and hematology, data was also obtained for each employee. Given results 

from previous toxicological studies, the longitudinal analyses focused on lipid 
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¢ cholesterol (mg/d). high densiy lipoprotein (HDL, mgd) and iglycerides (mg/d)

and hepatic alkaline phosphatase (IU/L), gammaglutamy) transferase (GGT, TUL),
aspartate aminotransferase (AST, [UIL), alanine aminotransferase (ALT, IUIL), total and.

direc bilirubin (mgld] clinical chemistries that were measured in each program year by

the same laboratory(AllinaLaboratories, St. Paul, MN). Reference ranges were

relatively constant over time, although for ALT the range declined from 20.65 TUL in

1994/9510 1.40 TUL in 1997 and2000.

‘Fluorocheieal Analyses
PFOS and PFOA were assayed n 1994/95, 1997 and 2000. However, the method

of analysis differed slightly foreach year. In 1994/95, themethodused

‘tetrabutylammonium to on-pairwith PFOS and PFOA in the serum (Johnson et al 1996).

. “Thefon.pirs were then extracted with ethyl acetate, The abstraction productwasthen

analyzed using high-performance liquid chromatograph-hermospray mass spectrometry.

In 1997, the serum samples were analyzed byliquidchromatography/mass spectrometry,

using selected ion monitoring i the negative-lon mode (Anderson and Mulvanra 19978;
19976). In 2000, sera samples were extracted using an ion-paiing extraction procedure

(Hansen etal, 2001). Orly in2000were the extracts quantitatively analyzed for PFOS

and PFOA as well asthe other analytes: PFHS,(perfluorohexanesulfonate), PFOSAA (N-

ethyl perfluorooctanesylfonamidoacetate), MST0 (N-methyl
perfluorooctanesulfonamidoacetat), PFOSA (perfluoroncianesalfonateamide) and MSS6

(perfuorooctnesulfonamidoaceare). High-performanceliquid

chromatography/electrospray tandem mass spectrometry (HPLO/ESMSMS) was the
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[cholesterol (m~dl), high d~nsity lipoproteins (I-IDL, m~dl) and triglyceddes (m~dl)] 

and hepatic [alkaline phosphatas¢ (I’U/L), gamma glutamyl transferase (GGT, IU/L), 

aspartate aminotransferase (AST, I’U/L), alanine aminotransferase (ALT, IU/L), total and 

direct bilirubin (mg/dl)] clinical chemistries that were measured in each program year by 

the same laboratory (Allina Laboratories, St. Paul, MN). Reference ranges were 

relatively constant over time, althou~ for ALT the range declined from 20-65 IU!L in 

1994/95 to 1-40 IU/L in 1997 and 2000. 

Fluorochemical Analyses 

PFOS and PFOA were assayed in 1994/9.5, 1997 and 2000. However, the method 

of analysis differed slightly for each year. In 1994/95, the method used 

te~’abutylan, h-nonium to ion-pair with PFOS and PFOA in the serum (.]’ohnson et al 1996). 

The ion-pairs were then extracted with e~hyl acetate. The abstraction product was then 

analyzed using high-performance liquid chromatograph-thermospray mass spectrometry. 

In 1997, the serum samples were analyzed by liquid chromatography/mass spectrometry, 

using selected ion monitoring in the negative-ion mode (Anderson and Mulvanna 1997a; 

1997b). In 2000, sere samples were extracted using an ion-pairing extraction procedm’� 

(Hansen et al, 2001). Only in 2000 were the extracts quantitatively analyzed for PFOS 

and PFOA as well as the other analytes: PFHS~ (perfluorohrxanesulfonate), PFOSAA (N- 

ethyl perfluorooctanes,ulfonamidoacetate), M570 (N-methyl 

perfluorooctanesulfonamidoacetate), PFOSA (perfluorooctanesulfonateamide) and M556 

(perfluorooctanesulfonamidoacctate). High-p~rformance liquid 

chromatography/electrospray tandem mass spectrometry (I-IPLC/ESMSMS) was the 

1799.0008 

3M MN02482170 



5M Company
Pages or6s

, technique used in 2000. The samples were evaluated versus anextracted curve from a

human serum maiix. Analyses were conducted at different laboratories in the. three

surveillance years. For purposesof this longitudinal analysis,atotal organic fluorine
index (TOF) was determined by calculating the percent of PFOS and PFOA that was

tributed to organic fluorine (64.7 and 69.0 percent, respectively) multiplied by th ppm

measured for each of these two fluorochemicalsand then summedtoproducethe TOF.

DataAnalysis
Briefly. mixed models can be used in theanalysis of repeated measures data

‘which ar simplydatasets with multiple measurementsof a response variable on the
same subject over time. Detaled explanation of these models isprovided elsewhere
(Lill 1996; 2000) Mixed models contain fctor effects which are consideredboth

( fined and random. An effect s fixed if the level in the study represent all posibe levels

ofthe factor,orai leas all levels about which inference s tbe made. Factor effets are
randomif th levels of the factor that are usedi the sudy represent only a random

sample ofa larger set ofpoeniial levels.
“Thefocusof the sandardlinearmodelis tomodelthe meanof ybyusing the

fixed-effects parameters 8. Thatis,

y=Xa+e
wherey represents a vectorofobserved data is an unknown vector of fixed effects

parameters with known design matrix X, and & is an unknown random errorvector

modeling the satistcal noise around XB. The residual erors are assumed to be:

3M_MNo2482171

1799.0009

3 M Compnny 
Page g of 63 

technique used in 2000. The samples were evaluated versus an extracted curve from a 

human serum matrix. Analyses were conducted at different laboratories in the three 

surveillance yea~s. For purposes of this longitudinal analysis, a total organic fluorine 

index (TOF) was determined by calculating the percent of PFOS and PFOA that was 

attributed to organic fluorine (64.’7 and 69.0 percent, respectively) multiplied by the ppm. 

measured for each of these two fluorochemicals and then summed to produce the TOF. 

Data Analysis 

Briefly, mixed models can be used in the analysis of repeated measures data 

which are simply data sets with multiple measurements of a response variable on the 

same subject over time. Detailed explanation of these models is provided elsewhere 

(Littell 1996; 2000). Mixed models contain factor effects which are considered both 

fixed and random. An effect is fixed if the levels in the studyrepresent all possible levels 

of the factor, or at least all levels about which inference is to be made. Factor effects are 

random if ~he levels of the factor that are used in the study represent only a random 

sample of a lar~er set of potential levels. 

The focus of the standard linear model is to model the mean of y by using the 

fixed-effects parameters ~). That is, 

y=X~+~ 

where y represents a vector or" observed data, ~ is an unknown vector of fixed effect~ 

parameters wi~ kno~n design matrix X, and ~ is an unknown random error vector 

modeling the statistical "noise’ around Xj~. The residual errors ~ are assumed to be 
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independent and ideniclly distributed Gaussian random vaiabes with mean 0 end
vasince 0%.

A generalized standard linear mode isa mixed model which is:
y=Xprzyre

where is an unknown vector of random-ffects parameters with known design matix
2, and is an unknown random exor vector whose elements are no longer required tobe
independent and homogeneous. Ify + & are assumedto be Gaussian random variables

"that are uncorrelated and have expectations 0 and variances G and R, respectively, then

the variance of ys:
V=26Z +R

“Thevarianceofthedata. y. canbe modeledbyspecifyingthe stuctureof Z, GandR.
“Themodel mats Z isdesigned nthe same fashionasX,the modelmati for he fixed
effecs paramezer.

For the matricesG and R. a covariance structure ms be selected in using mixed
models. Since observations on diferent subjects ars assumed t be independens, the
srucre refers tothe covariance paiemofrepeated measurements on the same subject.
For most ofthesestructures, th covariance between two observations on he same.
subject depends cnly on the length ofthe time interval between measuremenis and the
variance is constant ove ime. Numerous covariancestrctuesexist. Common
examples includethe following. Simplecovariance structure (SIMDspecifiesthtthe
bservarions ae independent, even on the same subject, and hav homogeneous variance.
Tis usually not realsic for most repested measures data because it specifies hat
Gbservaions on the same subjectae independent. Compound symmetic (CS, therwise
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independent and identically distributed Gaussian random variables with mean 0 and 

v~riance o-. 

A generalized standard linear model is a mixed model which is: 

y =X# + Zy+ ¯ 

where y is an unknown vector of random-~ffects parameters with known design matrix 

Z, and ~ is an unknown random error vector whose el~-nents am no longer required to b~ 

independent and homogeneous. If y + E ar~ assumed to b~ Gaussian random variables 

that are uncorrelated and have expectations 0 and variances G and R, respectively, then 

the variance ofy is: 

V = ~GZ’ + R 

The variance of the data, y, can be modeled by specifying the structure of Z, G and R. 

7fbe model matrix Z is designed in the same fashion as X, the model mat.fix for the fixed- 

effects pararr~ters. 

For the matrices G and R, a covariance structure must be selected in using mixed 

models. Since observations on different subjects ar~ assumed to be independent, the 

structure refers to the covariance pattern of repeated measurements on the same subject.. 

For most of these structures, the covariance between two observations on the same 

subject depends only on the length of the time interval between measurements and the 

variaace is constant over time. Numerous covariance sUructures exist. Common 

examples include the following. Simple covariance structure (SIM) specifies that the 

observations are independent, even on the same subject, and have homogeneous variance. 

It is usually not realistic for most repeated measures data becaus~ it specifies that 

observations on the same subject are.independent. Compound symmetric (CS, otherwise 
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, Knownas variance components) structure specifies that observationsonth samesubject

have homogeneous covariance and homogeneous, variance. Correlations between two

observations are equal for al paisof cbservations on the same subject. Autoregressive

order 1 (AR(L))covariance sruetre specifies homogeneous variance but that covariances.

between observations on the same subject are not equal, but decrease oward z¢ro with

increasing ime interval between measurements (lag). Ts limitation is tha observations

on the same subject far spat in time wouldbe sentially independent. Autoregressive

with random effect or subject (AR + RE) covariance siruetue specifies omogeneous

varianceplus the covariance between observationson thesamesubjectaise from two

sources:1)anytwoobservationsshare a common contribution becausetheyarconthe

same subject; and 2) the covariance becween observaions decreases exponentially vith

lag but only the common contribution (not to independence). Toeplitz (TOEP)

sruetre specifies that covariance depends oly on lag but not as mathematical function

with small numberofparameters. The unstructured structure (UN) specifies no
patterns in the covariance matix and istherefore completely general. The above

sructures are appropriate if equal spacing (ofdata) i assumed in time series analyses.

In sivations where unequally spaced longitudinal measurements exist, spatial covariance
structures can be used. In the present analyses, equal spacing was assumed given there

were approximately3 years between each medical surveillance program examinations

Akaike’ information criterion (AIC) and Schwarz’ Bayesian criterion (SBC) are

indicesof relative goodness-of-fit tht were usedto compare models with the same fixed

effects, but different covariance structures. SBC penalizes models more severely forthe
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k~own as variance components) structure specifies that observations on the same subject 

have homogeneous covariance and homogeneous.variance. Correlations between ~o 

observations are equal for all pairs of observations on the same subject. Autore~ressive 

order I (A.R(l))covariance structure specifies homogeneous variance but that covariances 

between observations on the same subject are not equal, but decrease toward zero ~vith 

increasing time interval between measurement~ (lag). Its limitation is that observations 

on the same subject far apart in time would b~ essentially independent. Autoregressive 

with random effect for subject (AR + RE) covariance strucmr~ specifies homogeneous 

variance plus the covariance between observations on. the same subject arises from two 

sources: I) any two observations share a common contribution because they ar~ on the 

same subject; and 2) the covariance between observations decreases exponentially with 

lag but only to the common contribution (not to independence). Toeplitz (’rOEP) 

structure specifies that covarianc¢ depends only on lag but not as a mathematical function 

with a small number of parameters. The ’unsU’uctured’ structure (UN) specifies no 

patterns in the covariance matrix and is therefore completely general. The above 

structures are appropriat~ if equal spacing (of data) is assum~cl in a time series analyses. 

In situations where unequally spaced longitudinal measurements exist, spatial covaxiance 

structm-es can be used. In the present analyses, equal spacing was assumed ~ven there 

~,’ere approximately 3 years between each medical surveillance program examinations. 

Akaike’s inform, at.ion criterion (AIC) and Schwarz’s Bayesian criterion (SBC) are 

indices of relative goodness-of-fit that were used to compare models with the same fixed 

effects, but different covariance structures. SBC penalizes models more severely for the 
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, numberofestimatedparametersthanAIC and thusthetwocriteria id not always agree

on the choice of best model. SBC was preferred.
nthe present study. the continuous outcomes of lipid and hepatic clinical

chemistry tests were evalusted ss repeated measures incorporatingthe random subject
effet fied 1 amixed modelbythe MIXED procedure in the SAS statistical package
(Littell et al 1996). Restricted maximum likelihood estimates (REML)ofvariance

parameters were computed. Adjusted regression models were bulk by introducing all
covariates (se below) and testing the covariance structure Based on goodness-of-fit tests
described above, AR+RE, was routinely consideredthe best covariance structure chosen
forthe mixed models. Covariates included PFOS (or PFOAorTO), years of
observation, th interaction temof PFOS and years ofobservation, ag, body mass index

(BMI), cigarettes smokedperday, alcohol drinks per day,yearat first entry and baseline.

(x first observation) years worked. For hepasic clinical chemisiy tests, serum
triglycerides was also considered acovariate (Olsen et al 20012).

RESULTS
Provided in Table 1 arscross. ection] analyses ofthe study subjects who.

panicipaed in eachofthe theeyears (1994/95, 1997 and 2000) stratified by location.
As reported previously inthe complet cross-sectional analyses of thse programs (Olsen
etal 1998: 1999; 2001), Antwerp employees in this longitudinal investigation were
younger, had lower BMIs and drank more alcoholic beverages than Decatur employees.

“They aso had consistently ower triglyceride and alkaline phosphatase levels and higher

HDL and total bilirubin levels.Decatur employees, on average, had serum PEOS levels

SW. MN02482174
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number of estimated parameters than AIC and thus the two criteria did not always agree 

on the choice of-"oest’ model. SBC was preferred. 

In the present study, the continuous outcomes of lipid and hepatic clinical 

chemistry tests wer~ evaluated as repeated measures incorporating the random subject 

effect fitted to a mixed model by the MIXED procedure in the SAS statistical package 

(Littell et al 1996). Restricted maximum likelihood estimates (REML) of variance 

parameters wer~ computed. Adjusted regression models were built by introducing all 

covadates (s¢� below) and testing the covarianc¢ structure. Based on goodness-of-fit tests 

described above, AR+RE, was routinely considered the best covariance structure chosen 

for the mixed models. Covariates included PFOS (or PFOA or TOF), years of 

observation, the-interaction term of PFOS and yearn of observation, age, body mass index 

(BIVflS, cigarettes smoked per day, alcohol drinks per day, year at first entry and baseline 

(at first observation) years worked. For h..c.patic clinical chemistry tests, serum 

triglycerides was also considered a covariate (Olsen et al 2~la). 

RESULTS 

Provided in Table 1 ar~ cross-sectional analyses of the study subjects who 

participated in each of the three years (1994/95, 1997 and 2000) stratified by Iocatioa. 

As reported previously in the complete cross-sectional analyses of these programs (Olsen 

et al 1998: 1999; 2001), Antwerp employees in this longitudinal investigation were 

younger, had lower BMIs and drank more alcoholic beverages than Decatur employees. 

They also had consistently lower triglyceride and alkaline phosphatase levels and hi~et 

HDL and total bilirubin levels. Decatur employees, on average, had serum PFOS levels 
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( thatwerehigherbyapproximately0.5ppmin eachcross-sectionalanalysis. Similar

findings were observed for PFOA except with the 1997 data where the two populations.

had comparable mean PFOA levels.

‘Provided in te following two tables are the cross-sectional analyses fo the three

subcohort by location. Among Antwerp employees (Table 2), each ofthe three

subcohort had lower mean serum PFOS levels in 2000 than ai their year ofentry

Whereas there were no consistent changes across subcohort with PFOA. Among the

three Decatur subcohort (Table 3) mean BFOS values declined over time but mean

PFOA levels tended to increase.

Provided in tables 4 through 30 are the mixed model coefficient estimates,

standarderors,p-values and 95% confidence intervals from testing potential

determinants oflipid and hepaic clinical chemistry change. The natural log was used for

all dependent variables. .

“Tables 4 through 6 contain the analysesfor cholesterol, Therewas no change in

cholesterol associated with PFOS (Table 4). Overall, PFOA was positively associated.

with cholesterol as themaineffectcoefficient was significantly positive but is interaction

with time (years variable) was negative (Table ). Provided in Tables SA trough 5D are
separate analyses for Antwerp forall subjects (Table SA) and by each subcobort. The

PFOAand cholesterol association appeared to primarily eside with the 21 Antwerp

employees in subcohors A (Table SB). This finding can also be observed in Table 2 as

the subcohort’ mean PFOA levels went from 1.32 ppm. t0 2.37 ppm and then declined to

206ppm a thesame timetheircholesterol valuesrose from 208mg/dL10226mg/dLto

229 mg/dL. There were no associations between cholesterol and PFOA observed among.
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that were higher by approximately 0..5 ppm in each cross-sectional analysis. Similar 

findings were observed for PFOA except with the 1997 data where the two populations 

had comparable mean PFOA levels. 

Provided in the following two tables are the cross-sectional analyses for the three 

subcohorts by location. Among Antwerp employees (Table 2), each of the three 

subcohorts had lower mean serum PFOS levels in 2000 than at their year of entry 

whereas there were no consistent changes across subcohorts with PFOA. Among the 

three Decatur subcohorts (Table 3) mean PFOS values declined over time but 

PFOA levels tended m increase. 

Provided in tables 4 through 30 are the mixed model coefficient estimates, 

standard errors,p:values and 9:5% confidence intervals from testing potential 

determinants of lipid and hepatic clinical chemistry change. The natural log was used for 

all dependent variables. 

Tables 4 through 6 contain the analyses for cholesterol. There was no change in 

cholesterol associated with PFOS (Table 4). Overall PFOA was positively associated 

with cholesterol as the main effect coefficient was significantly positive but its interaction 

with time (years variable) was negative (Table 5). Provided in Tables 5A through 5D arc 

separate analyses for Antwerp for all subjects (’Table 5A) and by each subcohort. The 

PFOA and cholesterol association appeared to primarily reside with the 21 Antwerp 

employees in subcohor~ A (Table 5B). This finding can also b~ observed in Table 2 as 

the subcohon’s mean PFOA levels went from 1.32 ppm. to 2.37 ppm and then declined to 

2.06 ppm at the same time their cholesterol values rose from 208 m~dL to 226 m~dL to 

229 mg/dL. Them were no associations between cholesterol and PFOA observed among 
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. he Decatur employee papultion (Table SE or vers hee significant assciaions

‘between TOF and Antwerp or Decatur but when the two sites were combined there was a

Signiant osiive sociation becween TOF and cholestrol Tables , 6A and 68)
Ther wer osignifica: assctaions becween PROS,PFOA orTOF with HDL

(Tables 7 through 9). BMI, alcoholic drinks per day and cigaretes smokedperday were

the mot significant asians wih HDL.
Tglyeerides were no signifcanly associned with PEOSover me when both

Anerp snd Decatur populations wee examined ogee (Table 10) However, among
ine combined Antwerp andDecaturpopulaions, PFOA was posivel associated with
igscrde (Table 11) as se with th igenose cosfcient for he main
ffckofPFO and enon gnifcant posiv mai coffin of years and the negative
coffinfo the nescron (PFOAxyes).Th siganmanfeofPFOA
was the consequence of he Antwerp population (Table L1A) and primary subcohort A
(able 18) and 10a serexcnt subcohort B (Table 11. but no subeobors C (Table
11D). Therefore, easton appeared be relied tthe Anwerp workers who
were rll in his ngitucinal cohr begining n 1995, but nt 1557. There ws ox
a sigan assoiaon between PFOA and igycries among Decatur rkers Table
115) Among the Antwerp subcohortA, thee mean glcerds eels ose fom 85
ng 10 113 mg/L 0173 ml.a the same time te PFOA Ives ncresed from
132pm10237ppm snd thendeclined 102.06 ppm. Althoughhe main ffec or TOF
as significantly pose, th interaction tr ith im (yes) was ok significant
(Table 12). Again. this association was more consistent for Antwerp employees (Table:

12) thanDecatur employees (Table 128),

(
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the Decatur employee population (Table 5E) nor were then significant associations 

between TOF and Antwerp or Decatur but when the two sites were combined there was a 

significant positive association between TOF and cholesterol (Tables 6, 6A and 68). 

There were no significant associations between PFOS, PFOA or TOF with I-IDL 

(Tables 7 through 9). BM], alcoholic drin~ per day and cigarettes smoked per day were 

the most si~ificant associations with I-IDL 

Tri#ycerides were not significantly associated with PFOS over time when both 

Antwerp and Decatur populations were examined together (Table 10). However, among 

the combined Antwerp and Decatur populations, PFOA was positively associated with 

triglycerides (Table 11) as seen with the significant positive coefficient for the main 

effect of PFOA. and the nonsignificant positive main coefficient of years and the negative 

coefficient for their interaction (PFOA x years). The significant main effect of PFOA 

was the consequence of the Antwerp population (Table 11A) and primarily s~bcohort A 

(table 1 IB) and, to a lesser extent subcohort B (Table 11C), but not subcohort C (Table 

11D). Therefore, the association appeared to be related to the Antwerp workers who 

wet, enrolled in this longitudinal cohort beginning in 1995, but not 1997. There was not 

a significant association between PFOA and triglycerides a~. ong Decatur workers (Table 

11E). Among the Antwerp subcohort A, their mean triglycerid~ levels rose from 85 

m#dL to 115 m~dL to 123 m~ddL at the same time their PFOA levels increased from 

1.32 ppm to 2.3"~ ppm and then declined to 2.06 ppm. Although the main effect for TOF 

was significantly positive, the interaction term with time (years) was not significant 

(Table 12). Again. this association was more consistent for Antwerp employees (Table ’ 

12A) than Decatur employees (Table 12B). 
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‘Among the hepatic clinical chemistry test that were adjusted forthe various

changing demographic factorsandtriglyceride levels, there were no significant
associations between PFOS, PFOA andTOF with changes in alkaline phosphatase
(Tables 13.-15), GGT (Tables 16-18), AST (Tables 19-21), ALT (Tables 22:24), otal

bilirubin (Tables 25 27)o direct bilirubin (Tables 28-30). Observations apparent in

“Tables 2 and3 can aso be seen in these mixed model analyses. Forexample,thetwo
most significant predictorsofalkaline phosphatase were ime (years) and location (as

seen with the lower values among Antwerp employees).ForALT, entry period was also
significanta t reflected the higher reference range values for ALT that were used in
199495 than in subsequent years.

DISCUSSION
( ‘These analyses were the fist longitudinal assessment ofthe flvorochemical

medical surveillance program at 3M's Antwerp andDecatur manufacturing sites.
‘Overall, we observed no associations that were consistent with the toxicological evidence
that PFOS produces a hypolipidemic effect a threshold dosages in ras and primates (3M

Company 2000; Haughom and Spydevold 1992: edact al 1987: Pastoor tal 1987:
‘Seacat etal 20013: 2001: Sohlenius t al 1993).Ourresults di suggest a positive

associaron between temporal changes in cholestrol and riglycerides and PFOA:
However tis is also inonsistent with the toxicological evidence that PFOA may result in

a hypolipidemic effect in ras (Haughom and Spydevold 1992: Pastoor etal 1987) but

produced no effect on blood lipids in primates(Buteahoffetal 2001).
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Among the hepatic clinical chemistry tests that ~vere adjusted for the various 

charting demographic factors and u’igl~,cerid¢ levels, there were no si~ificant 

associations between PFOS, PFOA and TOF with changes in alkaline phosphatase 

(Tables 13 - 15), GGT (Tables 16-18), AST (Tables 19-21), ALT (Tables 22-24), total 

bilirubin (Tables 25 - 27) or direct bilirubin (Tables 28-30). Observations a0parent in 

Tables 2 and 3 can also be seen in these mixed model analyses. For example, the two 

raost significant predictors of alkaline phosphatase were rime (years) and location (as 

seen with the lower values among Antwerp employees). For ALT, entry period was also 

significant as it reflected the higher reference range values for ALT that were used in 

1994/95 than in subsequent years. 

DISCUSSION 

These analyses were the first longitudinal assessment of the fluor0chemical 

medical surveillance program at 3M’s Antwerp and Decatur manufacturing sites. 

Overall. we observed no associations that were consistent with the toxicological evidence 

that PFOS produces a hypolipid~mi¢ effect at threshold dosages in rats and primates (3M 

Company 2000; Haughom and Spydevold 1992: Ikeda et al 1987; Pastoor et al 1987; 

Seacat et al 2001a: 2001b: Sohlenius et al 1993). Our results did suggest a positive 

association between temporal changes in cholesterol and triglycerides and PFOA; 

however this is also inconsistent with the toxicolo~¢al evidence that PFOA may result in 

a hypolipidemJc effect in rats (Haughom and Spydevold 1992; Pastoor et al 1987) but 

produced no effect on blood lipids in primates (Butenhoffet al 2001). 
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( Even though we were sble to perform a longitudinal assessment, thre were

several limitations 0 our analyses. We were limited to 175 employees of whichonly 41

(24 percen) paricipated in all three surveillance years. Although agreater absolute

numberofDecatur employees (butnokpercent.wise) have participated during each year,

for his longitudinal assessmentthereweremore Antwerp (57 percent) thanDecatur (43

percent) employees. Antwerp employees have had lower serum PFOS level by

approximately 0.5 ppm (Olsen etal 1998; Olsen et al 1999; 199%; 20013; 2001;

2001). There were insufficient numbers of female employees for ny meaningful

Tongitudinal analysis. Given the variability inherent in the analytical method (Hansen et

212001) and the different laboratories used, serum PFOS and PFOA levels may have

systematic mor incorporated in each measurement tha we were unable to assess as

blood samples were analyzed only at the ime of the surveillnce program. This

( systematic eror may have masked associations with lipidorhepatic clinical chemistries,

although the rangeofPFOS and PFOA measured was relatively consistent throughout the

study time period. Because 3M has announced aphase-out of the production of

perfluorooctanyl chemistry-elsted materials, we doubt that there will be manymore.

subjects inthefuture thacan be included in this longitudinal assessment. Also, the
findings from this assessment would suggest that serum PEOS levels have either.

remained constantordeclined slightly over time among these 175 employees. On the

otherhand.serum PFOA levels appeared to trend upwards,onaverage, by approximately

0.510 10 ppm for these employees. Another limitasion i the fac ha the serum PFOS

and PFOA levels measured in these employees were lower than those tha cause effets in

laboratory animals.
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Even though we were able to ~rform a lon~tu~n~ ~sessment, ~ere we~ 

seve~l li~tations to our an~yses. We we~ li~ted to 175 em~oyees of which only 41 

(24. ~rcent) p~cipated in all thee su~eillance ye~. Although a veater absolute 

number of Decatur employees (but not ~nt-wis¢) have p~icipat¢d during each ye~, 

for this lon~din~ ~ssment th¢~ we~ more An~e~ (57 ~rcent) ~an Decatur (43 

~ent) employees. Antwe~ employees have had lower se~m PFOS level by 

approximately 0.5 ppm (Olsen ~t ~ 1998; Olsen et ~ 1999a; 1999b; 2~la; 2~ib; 

2~1c). ~e~ we~ insufficient num~ of ferule employees for my mganin~l 

lon~mdinM ~ysis. Given ~e v~ability inhe~nt in ~e ~ic~ me~ ~sen et 

~ 2~1) ~d ~ ~ff¢~nt labo~tofies ~ se~m PFOS ~d PFOA l~vgls may have 

systematic e~or inco~o~ted in each m~u~ment ~at we we~ unable to ~sess ~ 

blo~ s~ples we~ m~yzed only at ~e time of ~e su~eillmce p~. ~is 

sys~mafic e~or may have m~ked ~s~iafions with lipid or hepatic clinical che~s~es, 

akhough ~e range of PFOS ~d PFOA me~md w~ ~lafively consistent ~mu~out ~e 

study time ~dod. B~ause 3M h~ announced a ph~e~ut of the p~duction of 

pe~uo~tanyl ¢h~mis~-related mater,s, we doubt ~at ~e~ will ~ many more 

subj~ in ~e ~m~ ~at cm ~ inclu~d in ~s Ion~m~n~ ~sessment. ~so, ~ 

fin~n~ f~m ~is ~ssmen~ would suggest that ~mm PFOS levels have eider 

~m~ned constmt or ~lined slimily over time ~ong these 175 employees. On ~e 

o~er h~d. ~m PFOA levels appemd to trend upw~, on average, by epp~ximately 

0.5 to 1.0 ppm for ~ese ~mp[oye~s. Ano~er li~tafion is ~e f~t that ~e se~m PFOS 

md PFOA levels me~u~d in these employees we~ lower ~ those that cause effec~ in 

la~to~ ~imals. 
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i Insummary,a longitudinal analysis overasixyear timeperiod of 175 Antwerp
(

and Decatur male employees did not show significant changes, consistent with

toxicological daa, of lipidor epic clinical chemistry values associated with ether

PFOS or PFOA. The PFOS and PFOA serum levels measured in these employees were

Tower than those tha cause effects in laboratory animals.
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In summary, a longitudinal analysis over a six year time period of 175 Antwerp 

and Decatur male employees did not show significant changes, consistent with 

toxicological data, of lipid or hepatic clinical chemistry values associated with either 

PFOS or PFOA. The PFOS and PFOA serum levels measured in these employees were 

lower than those that cause effects in laboratory animals. 
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l ~lllO~ll)lli~ O)ara~terislk-s and (:linical Ol~inislries of Ant~rp ~lld D~calur Male 
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I )en~q~raphic Characlcrislics and Clinical Clmmistries of Three SubgroLil)S of Decatur Male E,nl)h)yees (A, B and 

Who I’articipaled in Two or Mol~ Medical ~urvoillance Examinalions Between 1994 and 

1994 

__ A_ (_N. ~_~(.1) ....... .B_(N = 2111 _ 

Mean SI) Mean SD 

I’F( IS 2.07 I .(,7 3. I 3= 1.76 

PFOA 1.50 {I.~7 2.30= I. 14 

TOF 2.37 1.54 3.64~ !.79 

Age 42 7 44 S 

BMI 28.2 4.0 27.7 ~.3 

I)rinks/day O. I (I.~ 0.4 0.8 

Cigarelle~day 6 13 14 15 

Baseline Years 19.6 K6 21.3 5.2 
Wo~ed 

Cholesterol 235" 34 21H 36 223 3 I 

HDL 47~ 16 39 9 45 I I 

T~glycCride~ 180 8~ 229 145 IB8 115 

AIk Plltls 98 29 1117 24 85 22 

(;GT 41 25 52 22 35 36 

AST 32 15 29 6 25 6 

ALT 52 33 47 11 30 15 

Total Ililirubia 0.6 0.2 0.5 0.2 (I,fi 0.2 

Direct Igillrubin (I.2= (~.115 IL2 0.~ 0. I 0,04 

:, 1997 2(100 

A .(N =.201 _ C (N = 35) A (N = 20) P, (N = 20) 

Mean SD Mean    SD Mean SD Mean SD 

1.93 I.’/6 1.811 1.59 1.78 2.14 1.84 I.O3 

1.41 I. 16 1.41 : 1.20 1.46 1.34 2.60~ 2.112 

2.22 1.78 ~.14 1.78 2.16 2.16 2.9R 1.76 

45 7 42 8 48 7 511 5 

28.3 4. I 29,6 4.5 28.9 4. I 28.7 3.3 

(1.1 ILl ILl 0.2 O.11 ILl 11.2 0.3 

,I 10 5 I I 3 8 I11 15 

19.(; g.6 2(|.2 10.() 19.6 8.6 21.3 5.2 

c (N = 35) 
Mean SD 

1.51 0.98 

1.60 1,14 

2.(1~ 1.32 

45 8 

29.3 4.5 

(I. I 0.2 

211.2 IO.O 

208 37 228 39 199I’ 33 212 4 I 

41 9 47 12 .’:18= 6 45 9 

178 " 112 193 124 187 76 165 128 

87 Ig 711 27 1~2 17 72 211 

31 20 29 16 34 2.t 27 17 

27 8 ~Z6 8 25 4 25 7 

34 - 16 30 18 32 11 33 14 

11,6 0.i 0.8 0.2 0.7 0.2~ 0.8 0.~ 

O. 1 11.05 O. 1 0.08 0. I 0.04 (I. 1 0.06 

3M_M N02482184 

1799.0022 



Pod
Tae 4 in Cen sine,Sd rs5,-Yl sd95%Conre LinsTorTein Pac Dkmp ofCoatCageongEOSmd mrswihmt oom of oto anelkEmp

——— 95%ConfidenceLimits ___

as ee Kocflcien_____ SE peiwe lower Upper

J as om <a wan ss
ros uo os om ams
VonOharviin oi ous “ om aoe
PROS Vemone tos oz n oa oan
re aun os o aon aos
a oa ours o “omes ous
Dray one onz =n “oon ans
Chetty oom oon @ oon aon
Location® 0034 om 36 0.009 0.108

[— ao ous Lm oo an
Bute vers oom aos » oom oon
TU initirierismresesseeserr——————— i—————eeSt—

tg“hrypnEse)

swmczizes

1799.0023

’l’abl~ 4. Mixed M~d¢l Co~fl’icicnl I.’.’Slhnal~s, ~landard Errors {SF.), P-Valu¢~ and 9.5% Confidence Limi|s 
I’rOnl "l’csting Polcntial Determinants of Chol¢.qterol* Change Including PFOS and the [ntcr’-,ction with 

biumher of Years o1" Observation o[ Antwerp and Decatur Male Emp|oyccs 

....................... C__(.~l’ficieilt S!~. 

Inteacep! 4.868 O. 12’7 

PFOS O.(llO 

Years Obwerv:,tion 0.(1009 0.005 
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Age O.(fi7 O.$)3 

BMI 0.(~6 ().(~13 

Dfink~day 0.014 0.012 

Cigaretle~day - 0.~9 0.(~ I 

~ati~m* 0.(134 0.037 

~l~ Peri~)tl** 0.(164 0.028 

Baseline Years - 0.~ 0,003 

*natural log 

*Antw¢~ vs Decatur 
** 1994195 vs 1997 

95% Confidence Limits 
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¯ 18 - 0.005 0.025 

.84 - 0.008 |1.010 
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’rahle 5. Mixed Mt~lel Coefficie,I Eslhnales, Sla. ndard Errors (SE}, P-Values and 95% Confidenc~ Li,nils 
from Testing I)olential D~terminanls of Cholesterol’ Change Including PFOA and the Inlet’action with 

Nnmber of Years of Ohsm’valion of Antwerp and Decatur Male Employees 

95% Confidence Limila 

InlorcepI 
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’r-hie 5A. Mixed Model Coefficient F.stimates, Standard Errors {Sff-), P-Values and 95% Confidence Limits 
I’ronl Testing Polcnlial Determinants of Cholesterol~ Change Including PFOA and the lnteraclion 

with Number of Yca,~ of Observation of Antwerp Male Employees 

93% Confidence Limits 

C,~fl~cicn! SF. p-value Lower Upper 

lnterccpI 4.7 l0 0.149 < ’.~l 4.414 

PFOA 0.029 0,012 .01 0.~ 0.053 

Yearn Ohscrvation O.(g)5 0.(~6 .36 - 0.~ 0.017 

PFOA x Ycm~ Obs - 0.(~13 0.{~)3 .20 - 0.~9 0.~2 

Age 0.~ 0.~3 .~8 0.~3, 0.016 

BM[ 0.~g 0.{~5 .14 - 0.~3 0.019 

D~nk~y 0.022 0.013 .09 - 0.~ 

Ciga~tle~day O.{XX)7 OAX~2 .70 - 0.~3 0.~ 

~lry Peri~al** 0.0~9 0:038 .(H 0.~ 0.1’53 

B~elin¢ Years - 0.(~2 0.~ .67 - 0.Ol0 0.007 

Work~ 

~naluml log 
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lniercepl 

PFOA 

Years Observation 

PFOA x Yenrs Obs 

Age 

Ddnks/,t~,y 

Cigarettes/day 

Baseline Yeat~ 
Worked 

Table 5B. Mixed Model Coefficient Estimates, St=mdard Errors (SE), P-Values and 95% Confidence Limits 
fro,n Testing Polential Determinants of Cholesterol~ Change Including PFOA and the Interaction with 

Nt,mber of Years of Observation o1’ Anlwerp Subgrm,p A ( 1995, 1997 and 2000) Male Employees 

95’$ Confidence Limits 

C~efficient SE p-value Lower Upper 

5.059 0.414 < .0001 4. ! 94 5.925 

0.044 ().t)2t) .03 0.004 0.084 

0.037 0.015 .02 0.007 0.067 

- 0.013 0.005 .02 - 0.023 - 0.002 

- 0.0007 0.012 .95 - 0.025 0.024 

0.~4 0.012 .77 - 0.020 0.028 

- 0.(116 0.019 i .41 - 0.054 0.023 

(1.003 (1.(XI5 .5 i - 0.007 0.0 ! 3 

0.015 0.016 .36 - 0.018 0.047 

~natural log 

j Company 
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Table 5(:. Mixed Mud¢l Cocfl’icicnt I~timales, Slandard EiTors (S]~), P-Values and 95% Confidence Limils 
I’rom Tcsling Polenlial Dclerminanls of Choleslerol~’ Change Including PFOA and the lnleraclion wilh 

Number of Years of Observation of Antwerp Subgroup B (1995 and 2000) Male Employees 

95% Conlidcnc~ Limits 

(2~fl~cienl SI.." p-value Lower Upper 

Interccpl 4.838 0.244 < 0.001 4.34fi 5.330 

PFOA " ’ 0.018 0.017 .30 - O.0 i 6 0.052 

Years Obscrvalion (1.005 0,008 .55 - 0.0 ! 1 0.021 

PFOA x Ye,’~rs Obs - 0.002 0.004 .58 - 0,009 0.005 

Ag© 0.(XH 0.{X)5 .40 - 0.006 0.015 

BM! 0.014 O./X)9 .13 - 0.004 0.03 I 

Drinks/day 0.O I 7 0.022 .45 - 0.028 0.061 

Ciga~elle~dqy 11.002 0.003 .44 - 0.004 0.009 

Ba~eliue Years - 0.11001 0,006 .99 - 0.011 0.01 I 

Worked 

’natural log 
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Table 5D. Mixed Model Coefficieni Hstimates, Standard ~rrors (SE), P-Values and 95% Confidence Limils 
from Tesling Potential Delerminaals .f Cholesterolu Change Including PFOA and Ih¢ Interaction with 

Number of Years of Observali.n of Anlwe~p Subgroup C (1997 and 2000) Male Employees 

C~x.’fficient             SH 

lnlercepl 4.528 0.28 I 

PFOA 0.004 0.062 

Ycam Obscrv-tion - 0.010 0.026 

PPOA x Years Obs O.OI0 0.022 

Ag~ 0.016 0.006 

BMI 0.009 0.012 

Drinks/d-y 0,033 0.032 

Cigareltes/day - 0.0001 0.003 

Baseline Yea~s - 0.005 0.008 

Work 

~natural log 

95% Confidence Limits 

p-wdue Lower Upper 

< .0001 3.955 5.100 

.95 - 0.125 0.132 

.70 - 0.065 0.044 

¯ 65 - 0.035 0.055 

.01 0.004 0.028 

.43 - 0.015 0.033 

¯ 31 -0.033 0.100 

.97 - 0.007 0.006 

.49 - 0.021 0.011 
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1799.0028 
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Table 5E. Mixed Model Coefficienl Estimates, Slandard Errors (SE), P-Values and 95% Confidence Limits 
from Testing Polcnlial Determinants of Cholesterol~ Change Including PFOA and the ]nteraclion wilh 

Number of Years of Observation of Decatur Male Employees 

95% Confidence Limits 

Coefl~cien! S ft, p-value Lower Upper 

Intercqa 5.220 0.206 ,~ .0001 4.810 .5.630 

PFOA 0.016 0.016 .34 - 0.017 0.048 

Years Obscrv,qion - 0.002 (I.(X)8 .77 - 0.017 0.01:3 

PFOA x Y~ms Obe - 0.003 0.003 .22 - 0.009 .0.002 

Age 0.002 0.005 .70 - 0.008 0.012 

BM! 0.003 0.004 .55 - 0.006 0.011 

Drinks/day - 0.088 0.035 .01 - 0.158 - 0.018 

Cigarettes/day - 0.002 (1.001 . [ 5 - 0.004 0.0007 

Entry Period** 0.047 0.040 .24 - 0.032 O. 125 

Baseline Years - 0.002 ().1)04 .62 - 0.010 0.006 

Worked 

~natural log 

*’1994/9.5 vs 1997 
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Inlercepl 

TOF 

Year~ ObservaliOll 

TOF x Years 

Age 

BMI 

Drinks/day 

Cigarettes/day 

Location* 

Enlry Peri(~l** 

Baseline Yeats 

Worked 

anaturul log 

*Antwerp vs Decatur 

*’1994/95 vs 1997 

Table 6. Mixed Model Coefficie,! I~slimales, Standard Errors (SE), P-Values and 95% Confidence Limits 
from T~tiag Potential Detem)inanls of Cholesterol* Change Including TOF and the lnleraction with 

Number of Years of Oh~rvalion or Anlwerp and Decalur Male Employees 

95% Confidence Limits 

Ct~l’ficien! SI~. p-value 

4.828 0.127 < .l~01 

Lower 

4.577 

0.006 

- 0.t~)5 

- 0.005 

0.002 

- 0.0001 

- 0.012 

- 0.003 

- 0.032 

0.010 

- 0.009 

0.02 I 

O.O(H O.IX)5 .37 

- 0,003 0.001 : .07 

0.007 0.003 .0 I 

0.006 0.003 .05 

0.012 0.0 i 2 .32 

- 0.001 O.(,q) I .37 

0.042 0.037 .26 

0.063 0.027 .02 

- 01}04 0.003 .17 

. Company 

P~g¢ 30 of 63 

5.079 

0.035 

0.014 

0.0003 

0.013 

0.013 

0.036 

0.00! 

0.115 

0.|!7 

0.002 

3M_M N02482192 
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Intercept 

TOF 

Years Obscrvalion 

TOF x Years Obs 

BMI 

Drinks/day 

Cigarettes/day 

Entry Period** 

Baseline Years 
Worked 

~naluml log 

**1~4/95 vs 1997 

Table 6A. Mixed Modal Co~flicient I~timates. St, a,ldard Errors (SI~.), P-Values and 95% Confidence Limits 
fi’om Testing Potential Det,~rminants of Cholesterol~ Change Including TOP and the Interaction with 

Number of Years of Observation of Antwerp Male Employees 

95% Confidence Limits 

Coefficienl SI~. p-value Lower Upper 

4.’/21 0.150 < .O001 4.424 .5.018 

0.017 0.011 .12 - 0.004 0.038 

O.t104 O.lXI7 .55 - 0.009 0.017 

- 0.0008 0.002 .70 - 0.005 0.003 

O.(X)9 0.003 .0 i 0.002 0.016 

0.009 0.006 .12 - 0.002 0.020 

0.019 0.013 .14 - 0.006 0.045 

0.0008 0.002 ’. .69 - 0.003 0.005 

0.070 0.038 .07 - 0.006 O. 145 

- O,O(k)g O.{X)4 .85 - 0.009 0.008 

3M_MN02482193 

1799.0031 
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Table 6B. Mixed Model Cocfficien! l~limates, Slandard Errors (SE), P-Values and 95% Confidence Limits 
from ’l~sting Po!ential De.tcrminanls of Cholesterol~ Change Including TOF a~i the Interaction with 

Number of Ye=n~ of Observation of Deca!ur Male Employe~a 

Company 

Page 32 of 63 

....................... _.(.’.~m I’__fi c i__ e_!~! SE p-value 

Intercept 5.214 0.202 < .000 I 

TOP 0.014 0.01 ! .19 

Years Observalion - 0.002 0.008 .’/9 

]’OF x Years Obs - 0.002 0.0(12 .22 

Age 0.002 0.005 .69 

BMI 0.002 0.004 : .55 

Drinks/day - 0.090 0.035 .012 

Cigamues/day - 0.002 0.001 .16 ! 

Bl~eline Yem’s - 0.002 0.004 .60 

Worked 

Jnatural log 

*’!994/95 vs 1997 

95% Confidence Limils 

Lower 

4.gl I 

- 0.007 

-0.018 

°0.006 

- 0.008 

-0.006 

-0.160 

- 0.004 

-0.010 

Upper 

5.616 

0.013 

0.001 

0.012 

0,01 l 

- 0.020 

0.006 

3M_M N02482194 
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Tal)lc 7. Mixed ldodcl Cocl’ficicn117.sli,ilales, Standard Errors (SE), P-Values and 95% Confidence Limits 
from Testing Potential Determinants of HDL# Change Including PFOS and the Interaction with 

Number of Yc;u,’s of Obscrvatitm of Anlwerp and Dccntur Male Employees 

(?oefficienl              SI~ 

lntercepl 4.212 0.144 

PFOS " - 0.010 

Year~ Olisel’Vlil iilli 0.(1()2 

Age II.(~ 

BM! - 0.017 

Ddnk~day 0.~ 0.013 

Cigarelte~day - O.{g~ 0.~ I 

Efllry Perilldi* 0.025 0.032 

Baseline Ycar~ - 0.~7 0.~3 
Wo~ed 

enatuml Io~ 
*Antweq) vs 

** t9~95 vs 1997 

.i CUliilllin y 

Page 33 of 63 

[)-viihie 

< .O001 

.24 

.71 

.22 

< o00OI 

< 

.0005 

.89 

.44 

.O3 

95% Confidence Limits 

3.930 

- 0.026 

o 0.005 

- 0.002. 

- 0.025 

0.037 

- 0.007 

- 0.079 

- 0.038 

- 0.013 

Upper 

4.495 

0.012 

0.00_.2 

0.0! ! 

0.010 

0.090 

- 0.002 

0.091 

O.Og8 

- 0.0005 
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Table 8, Mixed Model Co¢l’ficient Estimates, Standard Errors (SE), P-Values and 95% Confidence Limits 
from Testing Potential Determina,lts of" HDL’ Change Including PFOA and the Interaction with 

Number of Years of Ohservalilln of Aniwe,’p and Decatur Male Employees 

95% Confidence Limits 

12ocl’ficient__ _.qF. ...... ~p-value Lower Upl~r 

Inlercepl 4.216 (). 1,15 ~,0001 3.929 4,.503 

PITOA " - (1.006 tl.(ll I ..’i6 - 0.027 0.0 

Years Ollsl~rvllliun 11.011.5 I}.lltl$ {35 - 0.005 0.014 

Pl’q~li~. i ~Ciil-,,,l Ohg - 0.002 I1.1102 .40 - 0.006 0.002 

Age 0.004 0.003 .28 - 0.003 0.010 

BM1 - 0.017 0.(104 < .0001 - 0.024 - 0.010 

Drinks/day 0.tgl2 0.013 < .(RIO I 0.036 0.088 

Cigarelies/day . - 0.1}(H 11.1101 ~ .00(14 - 0.007 - 

Localim~* O.i~g 0.043 .g5 - 0.076 0.093 

Enlry Period** 0.02~ 0.032 .53 - 0.042 0.082 

Baseline Years - 0.007 0.003 .04 - 0.013 - 0.0004 
WorEed 

~natural lug 

*Antwerp ~sDe~alur 
*’1994/95 vs 1997 

¯ Company 
Page 34 of 63 
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Table 9. Mixed M~lel Coefficient Esli~nales, Slandard Errors (SE), P-Values and 95% Confidence Limils 
from Tesling Potential Determinants of HDL~ Change Including TOF and the Interaction with 

Number of Years of Ohservation of Anlwerp and Decatur Male Employees 

Coel’licienl __SL; p-value 

Intercept 4.217 0.14.S < .0001 

TOP "- 0.006 0.(xi8 : .44 

Years Ohservalion 0.004 0.(XI5 .47 

TOP x Yem’s Obs - 0.(R)(F) O.(N)I 

Age 0.004 O.(XL3 .2.5 

BMI - 0.O 17 0.0(H < .000 I 

Drinks/day 0.063 0.01 ~ < .0001 

Cigarelles/day - 0.004 0.001 .0005 

Localion* 0.007 0.043 .88 

l~nlry Period** 0.021 0.032 .50 

Baseline Years - 0.(RI7 0.003 
Worked 

~natural log 

*Antwerp vs Dc~:atur !. 
**1994/95 vs 1997 

95% Confidence Limits 

Lower Upper 

3.931 4.502 

- 0.023 0.0 i 0 

- 0.007 0.014 

- 0.004 0.002 

- 0.003 0.010 

- 0.025 - 0.010 

0.037 0.089 

- 0,007 - 0.002 

- 0.078 0.0’92 

- 0.041 0.084 

- 0.013 - 0.0004 
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95% Confidence Limits
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Table I0. Mix~ Model Coefficicn! I~limales, Standard Errors (SI~), P-Values and 95% Confidence ~mils 
fi~m 3~sling Polcnlial Delcrminanls ol"F~glycc~d¢~ ~angc Including PFOS and the Interaction wiLh 

Numl~r of Years of Observation of AnI~=? and ~atur Male Employees 

Cocfficicn! 

lnlerccp! 2.730 0.335 

PFOS O.1|25 0.(|2(! 

Years Obsc~alion - 0.(~ 0.O 13 

PFOS x Years Obs 0.~6 

Age 0.(~3 0.~)8 

BMI 0.(~ 0.~9 

D~nk~day - 0.029 0,033 

Cigar~lle~day 0.011 0.~)3 

~ati=~n* 0.052 0.0~D 

FJ~I~ I~riod~* 0.089 0.073 

Baseline Ymtrs 0.(~15 0.~7 
Worked 

~natural log 
*Antwc~ vs Decatur 
** 1994/95 vs 19~ 

Page 36 of 63 

< .0001 

.73 

.22 

.~7 

< 

.37 

.0002 

.~0 

,50 

95% Confidence Limits 

Lower 

2.068 

-0.015 

- 0.029 

- 0.004 

- 0.011 

0.048 

- 0.094 

0.005 

- 0.143 

- 0.055 

- 0.010 

Upper 

3.392 

0.065 

0.02 I 

0.015 

0.01g 

0.083 

0.035 

0.017 

0.247 

0.234 

0.019 
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’Fahle I I, Mixed Model Coefficiem [Lslimales, Standard Errors (SE), P-Values and 95% Confidence Limits 
fn)m Te.~ling Polential Determinants ofT,’iglyceride~ Change Including PFOA and the Interaction with 

blumbcr 0f Years of Observation of Antwerp and Decatur Male Employees 

95% Confidence Limits 

Coefficient t,;E p-value Lower Upper 

Intercept 2..539 0,332 <!.0001 1.883 3.196 

PFOA ¯ 0.094 ° 0.025 .0002 0.045 0.144 

Years Ob~rvalion O.IX)7 0.012 .57 - 0.017 0.03 I 

PPOA x Years Obs - 0.008 0.005 .12 - 0.018 0.002 

Age 0.006 ,0.007 : .42 - 0.009 0.021 

BMI 0.066 0.009 < .0001 0.049 0.083 

Drinks/day - 0.027 0.032 .40 - 0.090 0.037 

Cigarelles~day 0.011 0.003 " .0002 O.005 0.017 

Location* 0.072 0.0{)6 .46 - 0.118 0.262 

Entry I~i-iod* * 0.1198 . O.070 .17 - 0,041 0,236 

Baseline Years 0,003 0.007 167 - 0.011 0.017 
Worked 

’;4’|tJ94)tJ.s vs I~J’/                                                                      ¯ 

I Lulill)a|iy 

rage 37 of 63 
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’l’ahle 11A. Mixed Model Ceefficien! IL~!imales,!Slandard Errors (SE), P-Value~ and 95% Confidence Limits 
fi-om Testing Potential Determinanls of Triglyceride’ Change Including PFOA and the Interaction with 

Number of Ye.’u~ of Obse,’valion of Antwerp Male Employees 

Coefficient Sl! p-value 

lnlcrcept 3.(167 0.394 <..000 I 

PFOA 0.089 0.030 .005 

Years Olk~rvali,m 0.024 0.Ill 5 .12 

PFOA x Y~ars Obs 

Age {L012 0.1)09 .22 

BMI O.I)39 0.014 .007 

Drinks/day - 0.026 0.033 .44 

Cigarel~es/day 1~.01R O.OOS .0004 

Entry Period * * O.013 0.100 

Baseline Years 0.003 0.011 .76 
Worked 

’natural log 

¯ *1994/95 vs 1997 

95% Confidence Limits 

Lower 

2.286 

0.028 

- 0.006 

- 0.023 

- 0.00"7 

0.011 

- 0.092 

0.008 

- 0.212 

- 0.019 

Upper 

3.g4g 

0.149 

0.053 

0.004 

0.030 

0.068 

0.040 

0.028 

0.186 

0,026 
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Tahlc I Ill. Mixed M(~lel Coefficical l[stimale.s, Standard Fm’or.q (SE), P-Values and 95% Confidence Limits 
from Testing Polenlial Delerminanls of’l’riglyc¢lidej Change Including PFOA and the Int~raclion wilh 
Number of Years of Observalioq of Anlwcrp Subgroup A (I 995, 1997 and 2000) Male Employees 

95% Confidence Limits 

SI~. _p-value Lower Upper 

Intercq)l 3.104 I .{X)3 .009 0.880 5.328 

PFOA O. 182 0.051 ~001 0.079 0.286 

Years Observulion 0.167 0.037 < .0001 0.091 0.241 

PFOA x Yca,’s Obs - 0.061 0.011 < .0001 - 0.084 - 0.039 

Age - 0.007 0.031 .83 - 0.069 0.056 

BMI 0.039 0.030 .20 - 0.O21 O. 100 

Ddnkdday - 0.082 0.051 .12 - 0.186 0.023 

Cigareltes/day 0.008 0.012 .52 - 0.017 0.O33 

Baseline Years 0.036 O.PAI .40 - 0.049 0.120 

Worked 

¢nalmal log 
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"l’ablc I I C. Mixed Madel Cocl’ficicnt I’.’stimaLes, Standard F.rro,~ (SE), P-Values and 95% Confidence Limits 
I’rom Tcsling Potential D~terminanls of Tdglyeeride" Change Including PFOA and the Interaction with 

Nomher o[ Years of Observ:dion of Antwerp Subgroup B 11995 and 2000) Male Employees 

95% Confidence Limils 

fficion! S E lEy_alue L~wer Upper 

Intercepl 2.77.5 0.523             ,~ .(KX) I 

PFOA 0,097 I).038 .02 
,, 

Year~ Observation 0.005 I).01 ~ .~11 

PFOA x Yeln’s Obs 0,0008 0.009 .93 

Age 0.019 0.01 I . I 0 

BM ! 0.~2 0.019 

DHnk~y 0.038 0.050 .45 

Cigm~ttc~d~y 0.022 0.1X)7 

Ba~li~ Years - 0.~2 0.012 

Worked 

#natural log 

1.720 

0.019 

- 0.033 

- 0.017 

- 0.004 

0.003 

- 0.062 

O.00g 

- 0.026 

3.830 

O. 17/4 

0.042 

0.018 

0.04 I 

0.08 I 

0.138 

0.036 

0.021 

3M_MN02482202 

1799.0040 
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Table 1D. MixedMee Colic Eines, Standard aor (SE), P-Valus nd 95% Confidence Liitsfiom Tein Penal Determinansof Tiler Change oclug PFOA and the Inaction vith
Nurier of YearsofObservation of Atwerp Subgroup C (1997and 2000) MaleEmployees

95% Confidence Limits
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1799.0041

Table I I D. Mixed Model CoefficicJll ILstimates, Standard Enors (SE), P-Values and 95% Confidence Limits 
fi’om Tesling Polential Detem~inants of Triglyceride~ Change Including PFOA and the Interaction wilh 

Number of Years of Observalinn of Anlwerp Subgroup C (1997 and 2000) Male Employees 

Coefficient 

Intercepl 3.285 0.744 

PFOA 0.032 O. 149 

Years Observation - 0.072 0.063 

PFOA x Yea~s Obs 0.020 0.05 

Age. - o.tX~5 o.OI 6 

BMI 0.057 0.030 

Drinks/day - 0.025 0.08 I 

Cigarelles/day 0.019 0.t)08 

Baseline Years 0.010 0.02 I 

Worked 

~natufal log 

95% Confidence Limits 

p-value Lower Upper 

.0001 1.769 4.80 I 

¯ 83 - 0,280 0,344 

¯ 26 - 0.203 0.0.58 

.70 - 0.087 0.128 

¯ 77 - 0.038 0,028 

.08 - 0.006 O. 120 

¯ 76 O. 195 0.145 

.032 0.002 0.036 

¯ 65 - 0.034 0.053 

M Compaay 
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Inlercepl 

PFOA 

Years Ohservation 

PFOA x Years Obs 

BMI 

Drinks/day 

Cigarettes/day 

Entry Pe,iod** 

Baseline Years 
Worked 

#natural log 
*’!994/95 vs 1997 

Table I IlL Mixed M=glel Coefficieqt F.sfimales, Standard Errors (SE), P-Values and 95% Confidence Limits 
front ’l’esling Potential Determinanls of "l’riglycerid¢~ Change Including PI~)A and the Intcraclion with 

Number of Years of Ohservation of Decatur Male Employees 

{?uefficimfl __ Si~, p-value 

2.581 0..%7 < .000 I 

0.054 0.1~6 24 

- 0.028 0.022 .20 

0.~2 0.1~8 .85 

- 0.~8 O.O 13 .95 

0.073 0.o!2 ~ < .~1 

- 0.038 0.0~) .70 
-~. 

0.~5 0.~ .I 6 

0.274 O. 109 .01 

0.~9 0.011 .44 

M Company 
Page 42 of 63 

95% Confidence Limits 

L~)wcr 

1.450 

- 0.037 

- 0.071 

- 0.014 

- 0.028 

0.050 

- 0.235 

- 0.002 

0.058 

-0,013 

Upper 

3.712 

02145 

0.015 

0.017 

0.026 

0.096 

0.1.58 

0.012 

0.491 

0.030 

3M_MN02482204 
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“Tule 12. Mined Mode Coffins EatsStandardEros (SE). P-Valuesand 95% Confidence Lis
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NumberofYears ofObucvaionof Antwerp andDecatur Male Employes
95% Confidence Limits
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1799.0043

Intercept 

TOP 

Yeur~ Obscrvalion 

TOF x Years Obs 

Drinks/day 

Cigarelles/day 

~tion* 

EnlW I~riod 

B~line Yea~ 
Worked 

enalural log 
*Antwerp vs ~catur 

**1994195 vs 

l’ahle 12. Mixed Model Coefficienl F.stimates, Standard ExTors (SE), P-Values and 9:5% Confidence Limits 
from Testing Polenlial Determinants of Tdglyceride~ Change Including TOP and the Interaction with 

Numl~r of Years of Ohscrvalion of Antwerp and Decatur Male Employees 

95% Confidence Limits 

Cucflicicnl SV ~ p-value Lower Upper 

2.612 0.334 < .0001 1.953 3.272 

0.053 0.020 AX)8 0.014 0,093 

- 0.0005 0.013 .97 - 0,027 0.026 

- 0.0005 0.004 .91 - 0,008 0,007 

0.(~H 0,007 .57 - 0.010 0.019 

0.066 0.009 < .0001 0.049 0.084 

- 0.03 i 0.032 .34 - 0.095 0.033 

O.011 0.003 .0002 0.005 0.017 

0.074 0.098 .45 - 0A 19 0.266 

0.085 0.(171 .23 - 0.055 0.226 

0.004 0,007 .58 - 0.010 0.018 

Page 43 of 63 
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"rahlc 12A. Mixed M(~I Coefficimll Estimates, Standard Brrom (SE), P-Values and 95% Confidence Limils 
fi’om ’l’csling Polcqdnl Determinants af Triglycerid¢~ Change Including TOP and the Interaction with 

Number of Yeqrs of Observation fiw Antwerp Male Employ~s 

95% Confidence Limils 

Coefficient ~;1~. pvalu¢ Lower Upper 

Intercept 3.078 0.395 < .00O I 2.294 3,862 

TOF " 0.053 0.028 .0~ - 0.002 0.107 

Years Observation 0.016 0.017 .35 - 0.018 0.049 

TOF x Years Obs - 0.0007 0.0[~6 .90 - 0.012 0.010 

Age 0.009 0.009 .32 - 0.009 0.028 

BMI 0.042 O.014 0.004 0.014 0.071 

Drinks/day - 0.032 0.034 .34 - 0.099 0.~35 

Cigareltes/tlay 0.018 0.{X)5 .0005 0.008 0.029 

Entry Period** - 0.045 0.101 .66 - 0.245 0.155 

Baseline Years 0.007 0.011 .56 - 0.016 0.029 

WoAed : 

#nat m’al log 

**1994P-~5 vs 1997 
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°l’abl¢ 12B. Mixed Model Coefficicnl Estimates, Standard Errors (SE), P-Values and 95% Confidence Limits 
from Testing Potential Determinants of Triglyceridee Change Including TOP and the Interaction with 

Number of Years, of Ohservation fi~r Decalur Male Employees 

95% Confidence Limits 

Coefficient SE p-value Lower Up.per 

Inlercepl 2.644 0.563 < .0001 1.521 3.766 

TOF 0.031 0.030 .29 - 0.028 0.090 

Years Observation - 0.035 (I.022 . ! 2~ - 0.079 0.009 

TOF x Years Obs 0.004 0.005 .45 - 0.007 0.015 

: 

Age - 0.002 0.014 .90 - 0.029 0.025 

BM! 0.073 0.012 < .0001 0.050 0.010 

Drinks~day - 0.030 0.099 .76 - 0.227 0. ! 66 

Cigar©Item/day 0.005 0.004 .20 - 0.003 0.019_ 

Entry Period** 0.275 O. I 11 .01 0.055 0.494 

Ba~:liae Ycah~. (I.O~F~) 0.01 I .44 - 0.013 0.030 

Worked 

enatural log 

**1994195 vs 1997 
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95%Confidence Limits
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Table 13. Mixed Model Cocfficien! Estimales, Standard Errors (SE], P-Values and 95% Confidence Limits 
from Testing Polential Determinants of Alkaline Phosphatase~ Change Including PFOS and the Interaction with 

Numl~r of Years of Observation of Antwerp and Decatur Male Employees 

95% Confidence Limits 

Coefficient SE p-value Lower Upper 

]nlerccpl 3.789 0.176 < .0001 3.442 4.137 

PFOS 0.002 O.(R~) .87 - 0.017 0.020 

Years Observation - 11.051 O.(RJ6 < .O00l - 0.062 - 0.(140 

PFOS x Years Obs 0.002 0.002 .47 - 0.003 0.006 

Ag© 0.005 0.004 .20 - 0.003 0.012 

BMI - 0.0007 0.004 .88 - 0.009 O.OOg 

Drinks/day - 0.001 0.014 .94 - 0.030 0.02g 

Cigarelles/day 0.003 0.O01 .03 0.0004 0:006 

Location* - 0.242 0,049 < .0001 - 0.338 - O. 145 

Entry Period** 0.098 0.037 .008 0.025 0.171 

Baseline Ycnrs - 0,006 0.004 . I0 - 0.013 0.001 

Worked 

Triglyeerides~ 0.113 0.024 : , < .0001 0.067 0.160 

�1 Company 
¯ ~ge 46 of 63 
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“Tale 14. Mixed ModelCoeficen Btises,Standsrd ros(SE), P-Valuesand95%ConfidenceLis
from Testing PontaDeterminesof AlkalinePhosphatase’Change ncding PROAandthe Intraction with“NumberofYeasofOsrvation ofAwe ndDecatur Mal Employees.

95%ConfidenceLimits
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Table 14. Mixed M(Klel Co¢l’ficient I~slimates, Standard ,Errors (SI~.), P-Valtms and 95% Confidence Limits 
f,’om Testing Potential Determinants of Alkaline Phosphatase~ Change Including PFOA and the Interaction with 

Number of Years of Ohservalion of Antwerp and Decatur Male Bmployees 

,    mpnny 
P,,gu ~,7 of 63 

Intercept 3.785 O. 176 < .0001 

PFOA 0.005 (I,(} 12 .69 

Yea,~ Obserwlion - 0.(H7 0.006 < .0001 

PFOA x Years Obs - 0.001 0.002 .62 

Age 0.005 0.0114 .19 

BMI - 0.0009 0.004 .85 

Drinks/day - 0.002 0,015 .89 

(2igarelles/day 0.003 0.001 .03 

Location* - 0.243 0.049 : < .0001 

Entry Period ** 0. 100 0.036 .007 

Baseline Years - 0.006 0.004 .09 

Worked 

Triglyce,’ides# 0. I ! 4 0.024 < .0001 

95% Confidence Limits 

Lower 

3.437 

- 0.019 

- 0.058 

- 0.005 

- 0.002 

- 0.010 

- 0.031 

0.0004 

- 0.340 

0.028 

- 0.014 

0.066 

Upper 

4.133 

0.028 

- 0.036 

0.003 

0.013 

0.008 

0.027 

0.006 

- 0.147 

0.172 

0.001 

0.161 

~natural log 

*Antwerp vs Decatur 
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Tahlc 15. Mixed Mod~l Coeffi,’icnl I.~:~lil)lalcs, Sl~,ndard Errors (SE), P-Vp, tues and 95% Confidence IJmits 
from "l’~sling Potential Determinants of Alkaline Phosphutas~I Ch:mge Including TOV and the Inler~tion with 

Number 0f Years nr Oh.~rvalion of Antwerp and Decatur Male }]mpIo~ees 

]nlcrccpl 3.78’) O. 177 < .0001 

TOF - t).(~ O.(~F) .~) 

Years Observation - 0.~9 O.(~ < .~ I 

TOF x Yca~ Obs - 0.~6 0.~ 17 .97 

Age 0.~5 0.(~ .19 

D~nkdday - 0.~2 0.015 .9 i 

Cigare~ledday 0.(~3 0.(~ I .03 

~try Period** ().1~ 0.036 .~7 

WoAcd 

T~glycerides= 0.1 ! 5 0.024 < .~ I 

Snalural log 
*Antwerp vs Decatur 
**10°A/95 vs 1997 

95% (2onfidenc~ Limits 

Lower 

3.441 

- 0.019 

- 0.0~0 

- 0.003 

- 0.003 

- 0.0lO 

- 0.031 

0.0004 

- 0.342 

0.028 

- 0.013 

0.068 

Upl~.r 

4.138 

0.018 

- 0.037 

0.003 

0.012 

0°008 

0.028 

0.00~ 

- 0.148 

0.172 

0o00! 

0.1152 
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"l’ahle 16. Mixed Model Coel’ficie.~t I~tim,’,es, Standard Errors (SE), P-Values and 95% Confidence Limits 
from Testing Potential Determinunts ofGGT~ Change Including PFO$ and the Interaction with 

Number of Years of Observation of Antwerp and Decatur Male Employees 

C~mfficienl SE 

Inlcrcept 1.883 0.3"/3 

PFOS - (}.004 0.020 

Years Observation - 0.075 0.012 

PFOS x Yea~ Obs 0.~ 0,~ 

Agc - 0.~13 0.(~)8 

BMI 0.~5 O.(~J 

DHnkgday 0.~2 0.03 I 

Ciga~lle~day - 0.~9 0,~3 

~alion* - 0.096 0~1 04 

~nlry Period** 0.358 (},078 

Ba~linc Y~m~ 0.~8 0.~7 
Work~ 

T6glyce6des~ 0.251 0.050 

95% Confidence Limits 

p-value Lower Uplx~r 

< .0001 1.146 2.620 

,84 - 0.043 0,035 

< .0001 - 0.098 - 0.05 i 

.42 - 0.005 0.012 

¯ 74 - 0.019 0.013 

.59 - 0.013 0.024 

.18 - 0.020 0.104 

.77 - 0.007 

.36 - 0.030 O. I I0 

< .000 ! 0.204 0.5 ! 2 

.30 - 0.007 0.024 

< .0001 0.152 0.350 

’natu,~l log 
*Antwerp vs Decatur 
**1r~4195 vs 199"/ 
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l’ahle 17. Mixed Mt~l¢l Coefficient I:.stimales, Sland-rd Errors (SE), [’-Values and 95% Confidence Limits 
from Testing Potential Determinants of GGT~ Change Including PFOA and the Interaction with 

Number of Years of Ohscrvalion of Anlwcrp and Dccatur Male Employees 

95% Confid,~nce Limits 

............ Coefficient SI~. p-value Lower Upper 

¯ 
Intercept                I .a76              0.374              < .(K)O 1              I. 138               2.613 

PFOA - 0.0(F,t 0.025 .72 - 0.058 0.040 

Years Observalion - 0.077 0.1112 < .0001 - 0.100 - 0.054 

PFOA x Years Ohs 0.005 0.005 .29 - 0.004 0.014 

Age - 0.002 0,008 .76 - 0.018 0.013 

BMI 0.fl04 0.009 .64 - 0.014 0.023 

Etrink~Jday 0.043 0.031 .17 - 0.019 0.105 

Cigarctte,~day - 0.0007 0.003 .82 - 0.007 0.005 

Location* - 0.097 0.104 .35 - 0.301 0.108 

Entry [’eri~l** 0.355 0.077 < .0001 0.203 0.507 

Baseline Yeut~ 0.008 (}.008 .30 - 0.007 0.024 
Worked 

Triglycerides~ 0.256 0.05 ! < .0O01 0.156 0.356 

Page 50 of 63 

#natural log 
*Antwerp vs D~catur 
**1994P)5 vs 1997 
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’l’ahle Ig. Mixed Model Coefficient I,’-stimatcs, Standard Errors (SI~.), P-Values and 95% Confidence Limits 
fi’am Testing Potential Determinanls of GGT~ Change Including TOF and the Interaction with 

Number of Years of Ob.~ervalian of Anlwerp and Decatur Male Employees 

95% Confidence Limits 

Coefficient SE p-value Lower Upper 

lnlercep! 1.870 0.374 < .0O01 I. 132 2.608 

TOF 0.002 0.020 .93 - 0.037 0.04 ! 

Years Observation - (i.079 0.013 < .0001 - 0.104 - 0.054 

TOF x Years O|xs 0.004 0.003 .25 - 0.003 0.011 

Age - 0.003 1).008 .75 - 0.018 0.013 

BMI 0.005 0.009 .57 - 0.013 0.024 

Drinks/day 0.043 0.031 .17 - 0.019 0.104 

Cigarette,/day - 0.0009 0.003 .77 - 0.007 0.005 

Location* - 0.088 0.104 .40 - 0.294 0.117 

Enh’y Period** 0.352 t}.078 < .0001 0.200 0.505 

Baseline Years 0.008 0.008 .31 - 0.007 0.024 

Worked 

Tdglyccrid~s~ 0.249 0.050 < .0001 0.149 0:348 

~natural lag 
*Antwerp vs Decatur 
**1994/95 vs 1997 

M C’amp~ny 
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Table 19. Mixed M~el Coefficicn! Eslimates, ~t.’,ndard Errors (SE), P-Values and 95% Confidence Limits 
from Tesling Potential Delerminanls of AS’I~ Change Including PFOS and the Interaction with 

Number of Years of Ohservalion of Antwerp and Decatur Male Employees 

95% Confidence Limits 

................... t_:_oel’ficienl S E p-value Lower Upper 

lntercepl 3.080 O, 198 <~ .0001 2.689 3.47 I 

PFOS 0.010 O.t) l I ,39 - 0.013 0.032 

Years Observation - 0.009 0.007 .19 - 0.024 0.005 

PFOS x Years Ohs 0.(~07 0.003 .79 - 0.005 0.006 

Age - 0,008 0.004 .05 - 0.016 - 0.00005 

BMI 0.004 0.005 .47 - 0.007 0.014 

Drinks/day 0.030 0.018 . I I - 0.007 0.066 

Cigarcllcdd~y - 0.003 0.0{)2 .07 - 0.006 0.0002 

Lncat imt * O. 102 0,053 .06 - 0.206 0.003 

Entry Period** 0.039 0.039 .32 - 0.038 0.116 

Baseline Years 0,005 0,004 .22 - 0.003 0.012 
Worked 

Triglycerides~ 0.063 0.029 .03 0.005 O. 121 

Inalural log 

~’Antwerp vs Decatur 

**19~4/95 vs 1997 
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Table 20. Mixed Model CDcfticient [":stim~,lcs, $1andard Errors (SE), P-Values and 95% Confidence Limits 
from Testing Poteatial Detemfina.t~ ofA~ Chm~� h)cluding P~O~ ~nd th~ lntcJ’~ction wilh 

Numl~r of Y~a~ of Ob~crvalion of Anlw¢~ and D~a~ur Male ~ploye~s 

( ],~i’ficicnl S I ’.’ p-value 

Intercept 3.053 (I. 109 < .O(R) I 

PFOA 0,027 0.015 .06 

Yea~;~ Obscrvalio. - O.(g)8 0.1~7 .28 

P~A x Yeat~ Obs - 0.~2 0.[~3 .41 

Age - ().~)7 0.(~ .08 

BMI 0.(~ 0.~5 .39 

Dfink~day 0.030 0.018 .10 

Ciga,~tlcgday - 0.~3 0.1~}2 .07 

~alion* - 0.097 0.053 .07 

Enl,T Pcrital** 0.04,1 0.039 .26 

Ba~line Years 0.~ 0.~ .27 
Work~ 

Tfiglyceridcs’ 0.054 0.030 .07 

95% Confidence Limits 

Lower 

2.661 

- 0.002 

- O.O22 

- 0.008 

- 0.015 

- 0.006 

- 0.006 

- 0.006 

- 0.201 

- 0.032 

o 0.003 

- 0.004 

Upl~r 

3.445 

0.056 

0.006 

0.003 

0.0008 

0.015 

0.066 

0.0002 

0.008 

0.120 

0.012 

0.113 

~nalural log 
*Antwerp vs I)¢calur 
**199419.5 vs 1997 
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Intercept 

TOF 

Years Observalion 

TOF x Y~,~ Obs 

Age 

BMI 

Drinks/day 

Cigarette ’dday 

Location* 

Entry Period** 

Baseline Yeats 

Worked 

Triglyccridest 

Table 21. Mixed Model Coefficient I:.stimates, Standard Errors (SE), P-Values and 95% Confidence Limits 
from Testing Potential Determimmts of AS’I~ Change Including TOF and the Interaction with 

Numlmr of Years of Ohservatinn of Antwerp and Decatur Mal9 Employees 

95% Confidence Limits 

Coefficient ,’,;E p-value 

3.058 O. 198 : < .l~O I 

- 0.0(19 0.1108 .24 

- 0.006 0.002 .79 

- 0.008 0.004 .06 

0.004 0.005 .40 

0.029 0.018 ¯ 12 

- 0.003 0.002 .07 

- 0.095 0.053 .08 

0.039" 0.039 .31 

0.005 0.004 .24 

0.058 ¯ 0.029 .05 

Lower 

2.666 

- 0.005 

- 0.024 

- 0.005 

- 0.016 

- 0.006 

- 0.007 

- 0.006 

- 0.199 

- 0.037 

- 0.003 

Upper 

3.449 

0.04 

0.006 

0.004 

0.0002 

0.015 

0.065 

0.0002 

0.010 

0.115 

0.012 

0.00003 0.116 

tnatural log 
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"l’ablc 22. Mixed M(u.lel Coefficien! Eslhnates, Standard ErroJ.’s (SE), P-Values.and 95% Confidence Limils 
from Testing Potenlial Delerminanls of AL’I’~ Change Including PffO$ and the lnlcraction with 

Nmnber of Yea~s of Observation of Antwerp and Decatur Male ~nployees 

......................... !~ ~.~ !’fi__c_J~LLl ............ .’51.~ ........ .~ p-w,luc 

Intercept 2.501 0.273 .~ .0001 

PFOS ¯ " 0.010 O.O 16 .54 

Yems Observalion - t}.t}95 0.010 < .000 I 

PFOS x Years Ohs - 0.00003 11.004 .99 

Age 0.0009 11.006 

BMI 0.010 0.007 .17 

Drinks/day - 0.012 0.025 .63 

Cigarelleshlay - 0.008 0.002 .130 I 

L~alioll* - 0.088 0.073 .23 

Entry Pcniod** 0.329 0.054 < .000I 

Baseline Years O.001 (I.005 .84 

Worked 

Triglycerid~s~ 0.159 0.1140 .0001 

95% Confidence Limits 

Lower 

1.961 

- 0.021 

- 0.008 

- 0.012 

- 0.004 

- 0.062 

-0.012 

- 0.233 

0.222 

- 0.010 

0.079 

Upper 

3.041 

0.041 

- 0.075 

0.010 

0.024 

0.038 

- 0.003 

0.056 

0.436 

0.012 

0.238 

#natural log 
*Antwerp vs Decatur 
** 1994195 vs 1997 
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23. Mixed M,~lcl Cocfficicn! ~slil~l:|lcs, Standard Erro~ (SE), P-Values and 95% Confidence Limi[s 
fron~ °l’cslinB Polcnliul Dclcrminanls of AL.T= ChunBc lncludinB P~’OA and the lnterac|ion wi~h 

Number of Years of Ob~crv.’=tion of ^mweq~ and Decatur Male Employees 

................ ( h~cl’ficicm __ SI~. p-value 

[ntercepl 2.4?9 0.272 < .0001 

PFOA 0.015 O.020 .46 

Years Observation - 0.107 0.(110 < .~1 

P~A x Yea~ Obs (1.~15 0.(~ .19 

Age - (l.l~l 

D~nk~duy - 0.(~) 0.025 .72 

Cigarellegday - 0.(~7 0.(~)2 .~ I 

~ation* - 0.079 0.072 .28 

~nt=y Pcri=al** 0.330 0.053 . < .~I 

B~eline Years 0.~ 0.~5 .89 

Worked 

Tdglycerides~ 0.151 0.~ I .~3 

95% Confidence Limits 

~wcr 

1.942 

- 0.025 

- 0.126 

- 0.003 

-0.01 l 

- 0.003 

- 0.058 

- 0.012 

- 0.222 

0.225 

- 0.010 

0.071 

Upper 

3.016 

- 0.087 

0.013 

0.011 

0.025 

0.040 

- 0.003 

O.Od4 

0.434 

0.0| I 

0.231 

#nalural log 

*Antwerp vs l)¢catur ¯ 

** 1994/95 vs 1997 
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lnlercepl 

TOF 

Years Olmervalion 

TOF x Years Ohs 

Age 

BMI 

Drinks/day 

Cigarettes/day 

Location* 

Entry Period** 

Baseline Years 
Worked 

Triglycerides~ 

Table 24. Mixed Model Coefficient F.stimates, Standard En’ors (SE), P-Values and 95% Confidence Limils 
from Testing Potential Delerminants of ALT~ Change Including TOF and the lnleraction with 

Number of Years of Ohservati(m of Antwerp and D~atur Male Employees 

95% Confidence Limits 

Ctx:fficie.I SI’.’ : p-value 

2.476 0.273 < .(~JOl 

0.020 0.016 : .2 I 

- 0.102 0.01 I < .0OOl 

0.002 0.003 .50 

- 0.(1005 O.(X~6 .03 

O.O 11 0.007 ¯ 1 I 

- 0.013 0.025 .62 

- 0.008 0.0O2 .oo I 

- 0.073 0.073 .32 

0.325 {}.0.53 < .0001 

0.0008 0.005 .88 

O. 148 0.040 .0003 

1,936 

-0.011 

-0.123 

-0.004 

-0.01 i 

- 0.003 

- 0.062 

- 0.012 

- 0.217 

0.220 

- 0.010 

0.069 

~natu~al log 

*Antwerp vs Decatur 
*’!994/95 vs 1997 

Upl~r . 
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0.072 
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lkble 25. Mixed Model Coefficicnl I?.slimates, Slandard Erro,’~ (SP.), P-Values and 95% Confidence Limits 
from Testing Polentia112~terminams of Total Bilirubin~ Change Including PriOR and the Interaction with 

Number of Years of Observation of Anlwerp and Decatur Male Bmployees 

95% Confidence Limits 

Coefficient SE p-value 

¯ 
- 0.018 0.014 .22 

0.033 0.(~119 

- 0.002 0.004 .94 

0.011 0.(~5 .02 

- 0.003 0.007 .67 

0.016 0.024 . .50 

- 0.008 0.002 < .0001 

0.315 I).064 < .0001 

- (1.002 0.005 : .(~4 

- 0.088 0.037 .02 

Lower 

-0.811 

- 0.046 

0.0148 

- 0.007 

0.001 

- 0.016 

- 0.030 

- 0.012 

0.189 

-0.01! 

-0.161 

Upper 

0.142 

0.011 

0.052 

0.007 

0.020 

0.010 

0.062 

- 0.004 

0.44 l 

- 0.022 

0.007 

- 0.015 
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Company 
Page 59 of 63 

"l’abl¢ 26. Mixed Model Coefficient F~timates, Standard En-ors (SE), P-Values and 95% Confidence Limits 
from ’r¢.~ting Potenlial Determinants of Total Bilirubin# Change including PFOA and Ihc Interaction with 

Number of Years of Observation of Antwerp and Decatur Male PmpIoyecs 

95% Confidence Limits 

Intercept 

PFOA 

............. Coeffici¢lll 

-0.315 

¯ 
- 0.030 

Sit _p-valve 

0.242 .19 

0.019 .16 

Low~l- 

- O.’793 

Upr~r 

o.1d2 

o.0~7 

Years Obscrvalion 0.028 0.009 .003 0.001 0.046 

PFOA x Yem~ Obs 

Age 

BM1 

0.005 0.004 .18 

0.010 0.005 :: .04 

- 0.003 0.007 .61 

- 0,002 

0.0007 

- 0.016 

0.013 

0.020 

0.010 

Drinks/day 

Cigmetl¢ "s/day 

Location* 

0.014 

- 0.008 

0.318 

0.023 

0.002 

0.064 

.55 

.0001 . 

.0001 

- 0.032 

- 0.013 

0.193 

0.060 

- 0.004 

0.444 

Entry Pc,’iod** -0.124 0.(H6 .007 -0.215 - 0.034 

Baseline Years 
Worked 

0.005 .’71 - 0.011 0.007 

Triglycerides~ - 0.082 0.037 .O3 -0.156 

#natural log 
*Anlwerp vs Decatur 
**1994195 vs 1997 
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"i’ahle 2’7. Mixed Model Cocfficicm ILstimat¢,~, Standard Errors (SE), P-Value~ and 95% Confidence Limits 
froan Tesling P(aenlial ]:leterminm}ts uJ" Total Bilirubin~ Change Including TOF and the Interaction wilh 

Number of Yea~ of Oh~rwdion of Antwerp and Decatur Male Employees 

95% Confidence Limits 

................... Coefficient ,~1,~ p-~alue Lower Upper 

Inte~cpl - 0.31 g 0.242 :. 19 - 0.796 0.160 

TOP " ~ 0.02(} 0.014 .16 - 0.~9 

Y~ OI)s~rvalion 0.029 0.010 .(~)5 0.~9 0.~9 

TOF x Years Obs 0.~3 0.~3 .3~ - 0.~3 0.~ 

D~nk~day 0.016 0.023 

~igarcttc~day - 0.(H)8 0.(~2 < .~ I - 0,012 - 0.~ 

~ation~ 0,316 0.(~ < .~ I 0.190 0.442 

B~linc Ycm~ - 0.~2 0.(~5 .68 - 0.011 0.~7 
Worked 

T~glyccridcs~ - 0.085 0.037 ,02 - 0.15g - 0.012 

)natural log 
*Antweq~ vs Decatur 
**1994195 vs 1997 
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lntercepl 

PFO~ 

Years Obscl’Val Jell 

PFOS x Yea~ Obs 

Ddnkgday 

Cigaretlegday 

~ation* 

~try 

Baseline 

Worked 

T~glycerides= 

Table 28. Mixed Model Coefficient Estimates, Standard E=TOrS (SE), P-Values and 95% Confidence Limits 
from Testing Potential Delerminanls of Direct Bilirubine Change Including PFOS and the Interaction with 

Nnmber of Years of Observation of Antwerp and D~catur Male Employees 

Coefficient SE p-value 

- I.’156 0.204 < .0001 

- 0.013 0.013 .29 

- 0.097 0,009 < .0001 

95% Confidence Limits 

Lower Upper 

- 2.160 - 1.355 

- 0.039 0.012 

- O. 116 - 0.079 

- 0.014 0.003 

- 0.00O3 0.015 

- 0.015 0:0O8 

- 0.022 0.058 

- 0.004 0.003 

- 0.028 0. ! 80 

0.277 0.428 

- 0.009 0.006 

-o.oo6 o.,~ .is 

0.007 0.004 .06 

- 0.003 0.006 .58 

O.O l B 0.020 .37 

0.0005 0.002 - : .79 

0.076 0.053 ,15 

0.353 0.038 : . < .0001 

- 0,001 0.004 .74 

- O.09fl 0.033 .006 - O, 155 - 0.026 

¢natursl log 

*Antweq~ vs Decalur 

*’1994/95 vs 1997 
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Table 29. Mixed Modal Co~fficic.t l~timalca, Slandard Errors (SF_,), P-Values and 95% Confidence Limits 
from Tesling Polenlia] Dclerminanls of Direct Bilimbin~ Change Including PFOA and the Interaction with 

Number of Years of Observation of Anlwerp and Decatur Male Employees 

__. - _ Coel’ficien! SE p-value 

Intercep! - 1.753 0.207 < .0eel 

PFOA - 0.0 ! 2 0.017 !.47 

Yeal~ Observalion ’ - 0.095 0.009 < .0001 

PFOA x Yem~ Obs - 0.004 O.(XH .27 

Age 0.006 0.{XH . I I 

BMI - O.OO3 0.006 .66 

Drinks/day 0,014 0.020 .50 

Cigarettes/day - 0.0005 0.002 .80 

Locatioot* 0,083 0,053 .12 

Entry Perind** 0.345 0.038 < .0001 

Baseline Years - 0.0008 0.(304 .83 
Worked 

Triglycerides# - 0.089 0.033 .OO9 

95% Confidence Limits 

Lower 

-2.161 

- 0.045 

-0.113 

-0.012 

- 0.001 

- 0.014 

- 0.026 

- 0.004 

- 0.022 

0.271 

- 0.008 

Upper 

- 1.345 

0.02 I 

- O.O77 

0.014 

0.053 

0.003 

0.188 

0.420 

0.OO7 

-0.155 - 0.023 

|ttntural log 

*Anlwerp va Decatur 

** 1994P)5 vs. 1997 
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1799.0062 
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Table 30. Mixed Model Coefficient Estimates, Standard Errars (SE), P-Values and 95% Confidence Limits 
from T©sting Potential Dr, terminan[s of Direct Bilirobin# Change Including TOff and the Interaction with 

Numb~r of Yeara of Observation of Antwerp and Decatur Male Employ~s 

Coeffici©nt               SE 

Intercept - 1.748 0.205 

TOP " - 0.O13 0.013 

Yearn Observation - 0.093 0.010 

TOF x Years Ohm - 0.(}04 0.003 

Age 0.007 0.004 

BMI - 0.003 0.006 

DdnkrJday 0.017 0.020 

Cigar,~tles/day - 0.0004 1).002 

Localion* 0.074 0.053 

Entry Pedod** 0.349 0.038 

Baseline Years - 0.001 0.004 

Worked 

Triglycerides~ - 0.087 0.033 

95% Confidence Limits 

p-value 

< .000! 

.33 

< .0001 

.08 

.57 

.39 

.84 

< .0001 

.77 

Lower 

- 2.154 

- 0.038 

-0.113 

-0.011 

- 0.0008 

-0.015 

- 0.022 

- 0.004 

- 0.031 

0.274 

- 0.00g 

Upper 

- 1.343 

0.013 

- 0.073 

0.002 

0.014 

0.008 

0.057 

0.003 

0.179 

0.424 

-0.152 - 0.022 

~natural log 
*Antwerp vs Decatur 
**1994D5 vs 1997 
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