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FEDERAL EXPRESS 

EPA Docket Center, MC 2822T 
U.S. Environmental Protection Agency 
EPA West, Room 3334 
1301 Constitution Avenue, NW 
Washington, D.C. 20004 

Re: Submission to IRIS and AR-226 Database For PFOA/PFOS : EPA-HQ-
ORD-2003-0016 

To IRIS Database for PFOA/PFOS : 

In response to the Notice issued by USEPA on February 23, 2006, regarding 
USEPA's efforts to consider perfluorooctanoic acid ("PFOA") and perfluorooctane 
sulfonate ("PFOS") within the Integrated Risk Information System ("IRIS"), 71 Fed. Reg. 
9333-9336 (Feb. 23, 2006), we are submitting the following additional information to 
USEPA for inclusion in that review, and for inclusion in the AR-226 database: 

1 . Stein, C.R., Savitz, D.A., and Dougan, M., "Serum Levels of 
Perfluorooctanoic Acid and PerFluorooctane Sulfonate and Pregnancy 
Outcome," Am . J . Epidem. (online version) (doi : 10.10931aje/kwp212 
(August 19, 2009) . 
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Original Contribution 

Do]: 10 .109 ;ifaistkwp212 

Serum Levels of Perfluorooctanoic Acid and Perfluorooctane Sulfonate and 
Pregnancy Outcome 

Cheryl R . Stein, David A . Savitz, and Marcelle Dougan 

Initially submitted March 27, 2009; accepted for publication June 19, 2009, 

The authors examined the association of serum perfluorooctanoic acid (PFOA) and petfluorooctane sulfonale 
(PFOS) with self-reported pregnancy outcome in Mid-Ohio Valley residents (2000-2t)a6) highly exposed to PFOA . 
Data on 1,645 pregnancies within the 5 years preceding exposure measurement were analyzed for PFOA, and 
data on 5,262 pregnancies were analyzed for PFOS . Generalized estimating equations were used to calculate 
adjusted odds ratios and 95% confidence intervals . Neither PFOA nor PFOS showed any association with mis-
carriage or preterm birth . Preeclampsia was weakly associated with PFOA (adjusted odds ratio = 1 .3, 95% 
confidence interval : 0.9, 1 .9) and PFOS (adjusted odds ratio = 1 .3, 95% confidence interval: 1 .1, 1 .7) exposures 
above the median. PFOA was not associated with an increase in low birth weight, but PFOS showed an increased 
risk above the median (adjusted odds ratio = 1 .5, 95°k confidence interval: 1 .1,1 .9) and a dose-response gradient . 
Birth defects were weakly associated with PFOA exposures above the 90th percentile (adjusted odds ratio = 1,7, 
95% confidence interval : 0,8, 3 .6) . This study identified modest associations of PFOA with preeclampsia and birth 
defects and of PFOS with preeclampsia and low birth weight, but associations were small, limited in precision, and 
based solely on self-reported health outcomes . 

congenital abnormalities; fluorocarbons ; infant, low birth weight ; pre-eclampsia ; pregnancy; pregnancy outcome ; 
premature birth 

Abbreviations : CI, confidence interval ; OR, odds ratio ; PFC, perftuorinated compound ; PFOA, perftuorooctanoic acid; PFOS, 
perfluorooctane sulfonate . 

Perfluorooctanoic acid (PPOA) is a synthetic chemical 
that has been used in the manufacture of fluoropolymers 
since the 1950s (1) and may also result from the breakdown 
of a related group of chemicals called fluorinated telomets 
(2) . Fluoropolymerti are used in nonstick cookware and 
clothing made from waterproof, breathable fabric (2) . 
PFOA and another perfluorinated compound (PFC) with 

comparable industrial uses-perfluorooctane sulfonate 
(PFOS)-are persistent environmental pollutants that have 
been detected worldwide in both wildlife and humans, with 
higher exposure closer to urbanized and industrialized re-
gions (3) . In the general US population, PFOA and PFOS 
were detected in all serum samples from the 1999-20t)fl 
National Health and Nutrition Examination Survey (4) and 
in 99.7% and 99.9%, respectively, of serum samples from 

the 2003-2004 National Health and Nutrition Examination 
Survey (5) . In the 1999-2000 survey, geometric mean values 
were measured at 5 .2 ng/mL for PFOA and 30.4 ng/mL for 
PFOS (4) . These values dropped to 3.9 ngImL and 20 .7 ng/ 
mL, respectively, in the 2003-2004 survey (5) . PFOA and 
PFOS have been detected in maternal and umbilical cord 
blood (6--8) and breast milk (9-13), The serum elimination 
half-life is approximately 4 years for PFOA and 5 years for 
PFOS (14) . 

Toxicology studies highlight the potential for these PFCs 
to affect fetal growth and development . A series of studies 
suggest that in utero exposure to PFCs is associated with 
a range of nonspecific adverse infant outcomes in mouse, 
rat, and rabbit models (15), including reduced fetal weight 
and increased neonatal mortality . Several epidemiologic 

Correspondence to Dr . Cheryl R . Stein, Department of Community and Preventive Medicine, Mount Sinai School of Medicine, One Gustave L . 
Levy Place, Box 1057, New York, NY 10029-6574 (e-mail : cheryl.stein@mssm.edu) . 



2 Stein et al . 

studies have evaluated the association between PFCs and 
reproductive health in the general population (16-19) . 
These recently reviewed studies (20) suggest small, incon-
sistent decrements in birth weight and other infant anthro-
pometric measures in relation to matemal PFOA and PFOS 
exposure . Two studies examining highly exposed popula-
tions found no association between PFC exposure and birth 
outcome (21, 22) . 
A chemical plant in the Mid-Ohio Valley near Parkersburg, 

West Virginia, has used PFOA in the manufacture of fluoro-
polymers since 1951 . In 2001, a group of residents from the 
West Virginia and Ohio communities surrounding the plant 
filed a class action lawsuit alleging health damage from 
drinking water supplies drawing on PFOA-contaminated 
groundwater (23) . Groundwater contamination from the 
Ohio River and air deposition is believed to be the primary 
exposure route for this population (24) . The settlement of 
the class action lawsuit included a baseline survey, the C8 
Health Project, conducted in 2005-2006 that gathered data 
from more than 69,000 people from 6 contaminated water 
districta surrounding the plant (23). (C8 is another name for 
PFOA, denoting its chain of 8 carbons.) The C8 Health 
Project included demographic and health questionnaires 
and measurement of 10 PFCs in serum. The current study 
used these data to examine the association between serum 
PFOA and PFOS measurements at C8 Health Project enroll-
ment and pregnancy outcomes in the 5 years prior to 
enrollment . 

MATERIALS AND METHODS 

C8 Health Project population 

The C8 Health Project enrolled subjects between August 
2005 and July 2006 . The Project's purpose was to collect 
health data from members of the class action lawsuit 
thruugh written questionnaires and blood tests, including 
measurement of PFCs . This community was highly exposed 
to PFOA, but PFOS exposure reflects background levels. 
Individuals were eligible to participate in the C8 Health 
Project if they could provide documentation such as utility 
bills, property deeds, employment pay stubs, or school rec-
ords proving they had consumed water for at least 1 year 
between 1950 and December 3, 2004, while living, working, 
or attending school in a water district supplied by Little 
Hocking Water Association or Ohio ; City of Belpre, Ohio; 
Tupper Plains-Chester District of Ohio; Village of Pomeroy, 
Ohio ; l .ubeck Public Service District of West Virginia ; 
Mason County Public Service District of West Virginia ; or private water sources within areas of documented PFOA 
contamination . Participants were compensated $400 for 
completing the questionnaire and providing blood . 

The C8 Health Project collected data on 69,030 people . 
The total number of people eligible to join the class action 
lawsuit is unknown. Participation rates based on US Census 
counts of current residents of the eligible water districts arc 
estimated at approximately 80% and, in some ZIP codes 
within eligible water districts, appear to be close to 10096 
(23) . The overall participation rate is likely lower than 8096 
because former residents were also eligible to participate . In 

this population, the strongest predictor of PFOA serum level 
was current residence in a contaminated water district, with 
distance to the plant directly affecting PFOA levels (25) . 
PFOS exposure is not determined by residence in a PFOA-
contaminated water district. 

Study population 

This analysis of serum PFOA and PFOS levels and recent 
pregnancy outcomes was restricted to pregnancies among 
female C8 Health Project participants with serum PFC 
measurements. For the PFOA analyses, we included single-
ton miscarriages, stillbirths, or livebirths in the 5 years prior 
to C8 Health Project enrollment to women who lived in the 
same contaminated water district from the approximate start 
of the pregnancy through the time of enrollment . The 5-year 
time frame and residency restrictions were used to ensure 
that the PFOA level measured at C8 Health Project enroll-
ment would reflect the level at the time of pregnancy. For 
miscarriages, women must have lived in the same water 
district from 90 days before the pregnancy ended through 
enrollment . For stillbirths and livebinths, women must have 
lived in the same water district for 283 days before the 
pregnancy ended through enrollment . Each pregnancy was 
evaluated separately for eligibility. For the PFOS analyses, 
we included all singleton miscarriages, stillbirths, or live-
births in the 5 years prior to C8 Health Project enrollment. 
There was no need to restrict pregnancies to women living in 
the same water district from pregnancy through enrollment 
because PFOS exposure was not specific to the water 
district . 

Measures 

For laboratory analysis of PFCs, automated solid-phase 
extraction combined with reverse-phase high-performance 
liquid chromatography was used (12). Samples below the 
limit of detection (0 .5 nglmL) were assigned a value of 0.25 
nglmL. We examined PFCs as natural log-transformed con-
tinuous variables, and here we present the odds ratios 
reflecting a shift from the 25th to the 75th percentile, which 
corresponds to an increase from 10 .3 nglmL to 49.8 ng/mL 
for PFOA and from 9.0 ng/mL to 17.7 ng/mL for 
PFOS. We also categorized PFCs to enable identification 
of a high-exposure effect : <50th percentile (the referent), 
50th-<75th percentile, 75th-90th percentile, and >90th 
percentile . The cutpoints for the interquartile shift in PFOA 
do not match the cutpoints for the categorical measure ; the 
categorical cutpoints were based on all eligible pregnancies, 
and the interquartile shift reflects the pregnancies included 
in the analysis . 
We examined the relation between PFC level and self-

reported pregnancy outcomes from the C8 Health Project 
questionnaire . Examined pregnancy outcomes included 
miscarriage (pregnancy loss from 6 weeks' to <20 weeks' 
gestation), preterm birth (livebirth at <37 weeks' gestation) . 
and low birth weight (livebirth <5.5 pounds, approximately 
equivalent to 2,500 g) . The number of reported stillbirths 
(fetal death from 20 weeks' to 42 weeks' gestation) was too 
small to analyze separately, but stillbirths were included in 
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the denominator in our analysis of' miscarriages . We also 
evaluated preeclampsia and reported birth defects . 

Because of the cross-sectional nature of the C8 Health 
Pmject, some of the covariates in the questionnaire were not 
specific to the time of pregnancy. Covariates defined explic-
itly for a given pregnancy were maternal age (15-19, 20-34, 
35-55 years) and parity (0, >_ I previous livebirths) . Mater-
nal education (<12, 12, >12 years) and smoking status 
(never, current, former smoker) were defined at the time 
of enrollment. Additionally, we restricted the analysis to 
white women (97.3% of the population) with nonmissing 
cavariate data and no prepregnancy diabetes, although miss-
ing outcome information was permitted because each out-
come was analyzed separately. Institutional review board 
approval was granted from the Mount Sinai Program for 
the Protection of Human Subjects . 

Statistical analysis 

Analysis was performed by using SAS version 9 .1 soft-
ware (SAS Institute, Inc ., Cary, North Carolina) . Covariates 
associated with both outcome and exposure-age, parity, ed-
ucational level at interview, smoking status at interview-
were included in all adjusted models together with either 
PFOS or PFOA . We ran logistic regression models using 
generalized estimating equations and an exchangeable corre-
lation structure to obtain crude and adjusted odds ratios and 
95% confidence intervals accounting for the lack of indepen-
dence across multiple pregnancies to the same woman . 

RESULTS 

Women in the C8 Health Project reported 5,663 singleton 
pregnancies ending in a miscarriage, stillbirth, or livebitth 
during the 5 years prior to enrollment. Of these pregnancies, 
5,624 were to women with PFC measurements and 5,262 
(93 .69'0 of pregnancies with PFC measurements) were to 
white women with complete covariate data and no prepreg-
nancy diabetes, and they were included in the analyses of 
PFOS (Table 1) . Exclusion of pregnancies to women not liv-
ing in the same water district from the approximate start of 
pregnancy through enrollment left 1,972 pregnancies, Much 
of this attrition occurred because we were unable to determine 
water district for at least part of the time from pregnancy 
through enrollment because of extensive missing information 
on self-reported water district . Restriction to pregnancies to 
white women with complete covariate data and no prepreg-
nancy diabetes yielded 1,845 pregnancies (93.5% of those 
otherwise eligible) (Table 1) for the analyses of PFOA . The 
pregnancies excluded for lack of residential stability in a con-
taminated water district (i .e ., pregnancies in the analysis of 
PFOS but not PFOA) were to younger (mean age, 26 .5 years 
vs. 27 .3 years), more nulliparous (48 .3R6 vs. 45.496) women, 
more of whom had fewer than 12 years of education (10 .896 
vs. 8.3%) and were current or former smokers (56 .2'yo vs . 
50.4%). The descriptive statistics presented in the text are 
fur the smaller population relevant to PFOA: Table 1 provides 
descriptive statistics for both populations. 
Mean serum PFOA was 48.8 nglmL (standard deviation, 

77 .8), and the median value was 21 .2 ng/mL (interquartile 

range, 10.3-49.8) (Table 1) . Mean and median serum PFOS 
concentrations were 15 .0 (standard deviation, 8.2) and 13 .6 
ngJmL (interquartile range, 9.4-18.7), respectively, The cor-
relation between PFOA and PFOS concentration was min-
imal (Spearman p = 0.2, P < 0.001), Most women were 
pregnant between ages 20 and 34 years (82.2%) and had 
at least 12 years of education (91 .79'0) . Smoking was rela-
tively common, with 30.8% smoking at enrollment in the C8 
Health Project and 19.6% self-identifying as former smokers. 
Of all pregnancies, 249 (13.596) were reported to have ended 
in miscarriage . Of 6vebirths, 329 (20.996) were reported as 
preterm, 80 (5 .09rc) as low birth weight, and 156 (9 .8'l0) as 
preeclampsia, and 74 women (4.790) noted a birth defect . 

Neither PFOA nor PFOS was related to miscarriage 
(Table 2) . Preeclampsia was weakly associated with PFOA 
(Table 3) (adjusted odds ratio (OR) = 1 .3, 95% confidence 
interval (CI) : 0.9, 1 .9) and PFOS (adjusted OR = 1 .3, 95% 
CI : 1 .1, 1 .7) for exposures above the median, but without 
a dose-response gradient . The adjusted odds ratio for pre-
eclampsia for PFOS exposure above the 90th percentile 
(adjusted OR = 1 .6, 95% CI : 1,2, 2.3) was elevated . Pre-
term birth (Table 4) was unrelated to PFOA, The only sug-
gested association between PFOS and pretertn birth was for 
exposures above the 90th percentile (adjusted OR = 1,4, 
9596 CI : 1 .1, 1.7) . 
Low birth weight followed no discetnable pattern in re-

lation to PFOA (Table 5), with some tendency for risk to 
decrease as exposure increased, but was compatible with no 
effect in the analysis of a continuous measure of PFOA . 
When the categorical exposure measure was used, women 
in the 75th to 90th percentile of exposure were markedly 
less likely to deliver a low birth weight baby (adjusted OR --
0 .3, 9596 CI : 0,1, 0 .9) compared with women below the 
50th percentile of PFOA exposure, but no dose-response 
gradient was found. PFOS showed evidence of a positive 
association with all 3 exposure metrics . The adjusted odds 
ratio for exposure above the median was 1 .5 (9596 CI : 1 .1, 
1 .9) . There was also a dose-response gradient when the 
categorical measure was used, with adjusted odds ratios 
ranging from 1 .3 (95% CI : 0 .9, 1 .8) for the 50th to 75th 
percentile of exposure to 1 .8 (95% CI: 1 .2, 2 .8) for expo-
sures above the 90th percentile, compared with exposures 
below the 50th percentile . 

Birth defects (Table 6) were weakly associated with 
PFOA, but not PFOS . For PFOA, the elevation in risk was 
found only above the 90th percentile (adjusted OR = 1.7, 
953°o CI : 0 .8, 3 .6) . This estimate was based on 12 cases in 
the uppermost exposure category. In the PFOS analysis, the 
association with birth defects remained imprecise and was 
weaker than for PFOA (adjusted OR = 1 .3, 9596 CI : 0.8, 2.1) . 

Overall, results were similar, but less precise when PFOS 
was analyzed by using the population restricted to women 
living in a single contaminated water district from the 
time of pregnancy through enrollment (data not shown) . 
The primary differences were for low birth weight, with 
an increased risk above the median but no dose-response 
gradient, and for birth defects, with the association with 
PFOS exposure stronger in the smaller population . 
We then restricted our analyses to the 1,197 pregnancies 

within the 3 years prior to measurement, presumably 
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Tebte 2. Crude and Adjusteda Associations Between Serum Perfluorinated Compounds and Singleton 
Miscarriage" Within 5 Years of C8 Health Project Enrollment, Mid-Ohio Valley, 2000-2006 

PFOA Exposure (n = 1A16) PFOS Expown (n = 5,282) 
Serum PFC No, a Crude Adjusted No, of Crude AcQusW 

cam OR on 95% Cl Come OR OR 03% Cl 
Per increase from the 249 0.9 0.9 0.7 .1 .2 657 1 .1 1.0 0.9, 1 .1 

251h to the 75th percentlle° 
<50th percentile 122 1 .0 1.0 470 1 .0 1,0 
?50th percentile 127 1 .0 1.0 0.7, 1 .4 187 1 .2 1.0 0.9 .1 .3 
<50th percentile 122 1 .0 1.0 295 1 .0 1.0 
5oth-<75th percentile 74 1 .3 1.2 0.8, 1 .7 175 1 .1 1,1 0.9, 1 .3 
75th-90th percentile 35 0.8 0.8 0.5, 1 .3 114 1 .2 1 .1 0.8, 1 .4 
>90th percentile 18 0.7 0.9 0.5 .1 .6 73 1 .2 0.9 0.7, 1 .3 

Abbreviations : CI, confidence Interval; OR, odds ratio; PFC, perHuorinated compound; PFOA, per8uoroocianoic 
acid; PFOS, perfluorooctane sultonate . 

' Adjusted for maternal age, parity, educational level at Interview, smoking status at Interview, and PFOS in the 
analysis of PFOA and PFOA in the analysis of PFOS. 

b Modeled by using generalized estimating equations with an exchangeable correlation structure to account for 
multiple pregnancies per woman. 

` Change from the 25th to the 75th percentile corresponds to a shift from 10.3 ng/mL to 49 .8 ng/mL for PFOA and 
from 9.0 ng/mL to 17 .7 ng/mL for PFOS. 

value . but with imprecise confidence intervals . Nonetheless, 
these authors found that prenatal PFOA levels were inversely 
associated with mean adjusted birth weight (--10 .6 g, 9590 
Cl : -20 .8, -0.5) per ng/mL increase (17) . A smaller effect 
was observed for PFOS . 
Two highly exposed populations have been studied to 

date (21, 22). An occupational cohort from a facility 
manufacturing PFOS-based chemicals and specialty films 
included 421 livebirths (21). No association was found be-
tween maternal PFOS exposure, as determined by geometric 

mean exposure for various job categories, and self-reported 
birth weight . The second study, in the same geographic area 
as the present study, used ZIP code-based ecologic mea-
sures of PFOA exposure, US Census-derived indicators of 
socioeconomic status, and gestational age and birth weight 
data from vital records for 1,555 singleton births (22). 
Among women in PFOA-exposed ZIP code areas, mean 
adjusted birth weight was reduced by 8.8 g (9596 CI: 
-86.1, 68.5), while the adjusted odds ratio for birth weight 
of less than 2,500 g was 0.43 (95% CI : 0.17, 1.12), which 

Table 8. Crude and Adjusted` Associattons Between Serum Perfluorinated Compounds and Preedampsta° Within 5 Years of C8 Health Project Enrollment, Mid-Ohio Valley, 2000-2006 

Serum PFC 

PFOA Exposure (n - 1,569) 

No . of Crude 
Cases OR 

Per increase from the 156 1.2 
25th to the 75th percentile` 

<501h percentile 64 1.0 
>SOth percentile 92 1.5 
<50th percentile 64 1.0 
50th-<75th percentile 52 1.8 
75ih-901h percentile 27 1.3 
>98th percentile 13 0.9 

Adjusted 

OR 85% CI 

1 .1 

1 .0 
1,3 

1 .0 

1 .5 

1 .2 
0.9 

PFOS Exposure (n t 4,566) 

No. of Crude 
Cases OR 

Adlusted 

OR 85% CI 
0,9, 1.4 407 1 .2 1.1 0.9, 1.3 

280 1 .0 1.0 
0.9, 1,9 127 1 .5 1.3 1 .1 .1 .7 

163 1 .0 1.0 
1 .0 .2 .3 117 1 .4 1.3 1 .0, 1 .7 
0.7, 2.1 65 1 .3 1.1 0.8.1 .6 
0.5 .1 .8 62 2.0 1.6 112,23 

Abbreviations : CI, confidence interval; OR, odds ratio; PFC, perfluotlnated compound ; PFOA, periluor0octanoic acid ; PFOS, perfluorooctane SuHonate . 
'' Adjusted for maternal age, parity, educational level at interview, smoking status at interview, and PFOS in the analysis of PFOA and PFOA in the analysis of PFOS. 
° Modeled by using generalized estimating equations with an exchangeable correlation structure to account for multiple pregnancies per woman. 
° Change from the 25th to the 751h percentile corresponds to a shift from 10.3 ngImL to 49 .8 ng/mL for PFOA and from 9 .0 ng/mL to 17 .7 ng/mL for PFOS . 
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Table 4. Crude and Adjusted' Associations Between Serum Perfluorinated Compounds and Singleton Birth at 
Less Than 37 Weeks' Completed Gestatian° Within 5 Years of C8 Health Project Enrollment, Mid-Ohio Vafley, 
2000-2006 

Serum PFC 

Per increase from the 
251h to the 751h percentile` 

<501h percentile 

>5oth percentile 
<501h percentile 

SOttr<75th percentile 
75th-90th percentile 
>90th percentile 

PFOA Exposure (n . 1,571) PFOS Exposure (n = 4,512) 

No, of 
Cases 

Crude 
OR 

Adjusted 

OR 95% CI 
No. of Crude Adjusted 
Cases OR OR 9676 cl 

329 0 .9 0 .8 0.8, 1 .1 1,015 1 .1 1 .1 1 .0, 1 .3 

166 1 .0 1 .0 745 1 .0 1,0 
163 0.9 1 .0 0.7 .1 .3 270 1 .1 1 .1 1 .0, 1 .3 
166 1.0 1 .0 481 1,0 1 .0 
89 1.1 1 .1 0.8, 1 .5 264 1 .1 1,1 0.9, 1 .3 
42 0,7 0.7 0.5 .1 .1 153 1 .0 1 .1 0.9, 1 .3 
32 0.9 0.9 0.6 .1 .5 117 1.3 1 .4 1 .1 .1 .7 

Abbreviations: CI, confidence interval ; OR, odds ratio ; PFC, perfluorinated compound ; PFOA, perfluorooctanoic 
acid ; PFOS, perfluorooctane sulfonate. 

° Adjusted for maternal age, parity, educational level at interview, smoking status at interview, and PFOS in the 
analysis of PFOA and PFOA in the analysis of PFOS . 

° Modeled by using generalized estimating equations with an exchangeable correlation structure to account for 
multiple pregnancies per woman. 

` Change from the 25th to the 75th percentile corresponds to a shift from 10.3 nglmL to 49.8 ncymL for PFOA and 
from 9.0 ng/mL to 17 .7 ng/mL for PFOS . 

conversely suggests a lower risk in the exposed community . 
Cumulatively, these studies provide little basis for suggest-
ing a positive relation between PFOA and PFOS exposure 
and low birth weight . 

To our knowledge, no associations have been observed 
between gestational age examined either continuously (16, 
22) or dichotomized as birth at less than 37 completed weeks' 
gestation (17, 22) . Studies of other indications of fetal growth, 
such as head and abdominal circumference, birth length, and 

ponderal index, have yielded equivocal results (16, 18, 19) 
that are not directly comparable to the measures used in the 
present study. Ours is the first known epidemiolOgic study to 
assess the association between PFC exposure and miscar-
riage, preeclampsia, and birth defects, with no opportunity 
to compare findings with those of previous studies . 
A central concern regarding interpretation of our results is 

the quality of the information on self-reported pregnancy 
outcome. Numerous studies show high concordance 

Table 5. Crude and Adjusted' Associations Between Serum Perfluorinated Compounds and Singleton Birth 
Weight of Less Than 5.5 Pounds°~` Within 5 Years of C8 Health Project Enrollment. Mid-Ohio Valley, 2000-2006 

Serum PFC 

Per increase from the 
251h to the 751h percentile° 

<SOth percentile 
>50th percentile 

<50th percentile 
50th-<75th percentile 

75th-90th percentile 
>90th percentile 

PFOA Exposure (n = 1,51119) 

Na of Crude 
Cases OR 

60 0.7 

47 1 .0 
33 0.7 
47 1 .0 
21 0.9 
5 0.3 

7 0.7 

Adjusted 
OR tis% cl 

0.7 

1,0 
0.7 
1 .0 
1 .0 

0.3 
0.8 

PFOS Exposure (n = 4,561) 

No . of Crude 
cases OR 

Adjusted 
OR 9596 C! 

0.5 .1 .0 243 1 .2 1 .3 1 .1, 1 .6 

168 1 .0 1 .0 
0.5, 12 75 1 .4 1,5 1 .1, 1 .9 

102 1 .0 1 .0 
0.6, 1 .7 66 1 2 1 .3 0.9, 1,8 
0.1,0 .9 43 1 .4 1 .6 1 .1,2.3 
0.3, 1 .9 32 1 .6 1 .8 1.2, 2.8 

Abbreviations : CI, confidence interval ; OR, odds ratio : PFC, perftuorinated compound ; PFOA, perfluorooctanoic 
acid ; PFOS . perfluorooctane sutfonate . 

' Adjusted for maternal age, parity, educational level at interview, smoking status at interview, and PFOS in the 
analysis of PFOA and PFOA in the analysis of PFOS . 

° Modeled by using generalized estimating equations with an exchangeable correlation structure to account for 
multiple pregnancies per woman. 

` One pound = 0.454 kg . 
° Change from the 25th to the 75th percentile corresponds to a shift from 10.3 ng/mL to 49.8 nglmL for PFOA and 

from 9.0 ng/mL to 17 .7 ng/mL for PFOS . 
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Table 1. Univariate Characteristics of Singleton Pregnancles Within 5 Years of C8 Health Project Enrollment, 
Mid-Ohio Valley, 2000-2006 

PFOA Populption 111108 Population 
(n = 1,806) (n - 5,262) 

Unique women 

Pregnancies per woman 
1 

2 

3 
4 
5 

Pregnancy outcome 
Miscarriage 
Stillbirth 
Livebirth 

Serum PFOA (nplmL) at interview 
Mean (SD) 
Median (IQR) 

Serum PFOA (ng/mL) at interview 
025-<21 .3 ng/mL (<50th percentile) 
21 .3-<50 .0 nglmL (50th-<75th percentile) 
50.0-< 120.6 ng/mL (75th-9pth percentile) 
120.6-894 .4 ng/mL (>90th percentile) 

Serum PFOS (rlgrmL) at interview 
Mean (SO) 
Median (IOR) 

Serum PFOS (ng/mL) at interview 
0.25-<72.7 ng/mL (<5oth percentile) 
12.7-<17 .7 ng/mL (50th-<751h percentile) 
17.7-<23 .2 ng/mL (75th--90th percentile) 
23.2,83.4 nglmL (>90th percentile) 

Water district 

Betpre, Ohio 
Little Hocking, Ohio 
Pomeroy, Ohio 

Tupper Plains-Chester, Ohio 
Lubeck, West Virginia 
Mason County, West Virginia 

No, x No. x 
Al! pregnancies 

1,505 3,998 

1,215 80 .7 2,942 73.6 
247 16 .4 870 21 .8 
38 2.5 159 4.0 
3 0.2 22 0.5 
2 0.1 3 0.1 

249 13 .5 857 12.5 
6 0.3 36 0.7 

1,590 86 .2 4,569 86 .8 

48 .8 (77.8) 32.1 (59 .7) 
21 .2 (10.3-49 .8) 13.6 (7 .4-292) 

925 50 .1 Na 
460 24 .9 Na 
281 15 .2 n/a 
179 9.7 nla 

15.0 (82) 14 .1 (7 .7) 
13.6 (9.4-18.7) 12.8 (9 .0-17.7) 

nla 2,582 49.1 
Na 1,345 25.6 
Na 802 15.2 
We 533 10.1 

163 8.8 nla 
350 19 .0 n/a 
73 4.0 n/a 

471 25,5 n/a 
301 16 .3 Na 
487 26.4 n/a 

Table condnues 

generating values with more concordance between the mea-
surement and the exposure at Lhe time of' the pregnancy. 
Results for PFOA and PFOS were similar, but less precise 
(data not shown) . 

DISCUSSION 

We found little or no support for a possible association 
between PFOA or PFOS exposure and miscarriage or pre-
term birth, nor between PFOA and low birth weight . Both 

PFOA and PFOS were weakly related to pteeclampsia and 
PFOA was weakly associated with birth defects, but without 
dose-response gradients . The association between PFOS 
and low birth weight was stronger and indicated increasing 
risk with increasing exposure, warranting examination in 
other suitable populations . 
The limited reproductive and developmental toxicology 

literature suggests possible adverse effects of PFOA and 
PFOS on fetal growth and viability and on postnatal growth 
(26, 27). The evidence regarding teratogenicity is unclear, 
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Table 1 . Continued 

Age at pregnancy, years 

15-19 

20-34 
35-55 

Parity 

0 previous livebirths 

. 1 previous livebirths 

Education at interview 

<12 years 
12 years 

> > 2 years 
Smoking status at interview 
Never 
Former 
Current 

Unique women 

Births per woman 

1 

2 

3 
4 

Preaclampsia 

Yes 
No 

Preterm birth 

Preterm birth <37 weeks 
Term birth 

Low birth weight 
Birth weight <5 .5 pounds° 

Birth weight >5 .5 pounds 
Birth defect 
Yes 
No 

PFOA Populatlon PFOS Populrtlon 
(rr = 1,845) (n a 5,282) 

No. y No. 96 

123 6.7 426 8,1 

1,517 82 .2 4,367 83.0 

205 11 .1 469 8.9 

838 45 .4 2,528 48,0 

1,007 54 .6 2,734 52 .0 

154 8.3 493 9.4 

614 33 .3 1,706 32 .4 
1,077 58 .4 3,063 58 .2 

915 

362 
568 

Pregnancies ending in livebfnhs 
1,395 

49 .6 2,415 45.9 
19 .6 1,136 21 .6 

30.8 1,711 32.5 

3,748 

1 .207 86 .5 2,986 79.7 
181 13 .0 708 18.8 

7 0.5 53 1.4 

0 3 0.1 

156 9.8 407 8.9 

1,433 90 .2 4,159 91 .1 

329 20 .9 1,015 22 .5 

1,242 79 .1 3,497 77 .5 

80 5.0 243 5.3 

1,509 95.0 4,318 94 .7 

74 4.7 188 4.1 
1,516 95.3 4,381 95.9 

Abbreviations : ]OR, interquartile range; nla, not applicable; PFOA, perfluorooctanoic acid: PFOS, perfluorooctane 
sultonate; SD, standard deviation. 

' One pound - 0.454 kg . 

with adverse effects observed for PFOS possibly attributable 
to maternal toxicity at higher doses (27) . 
Few epiderniologic studies have examined the association 

between PFC exposure and birth outcome in humans . Of 
these studies, most have looked at a continuous measure 
of birth weight and found mixed results . In a pregnancy 
cohort in Japan (n - 428), adjusted analyses showed an 
association between higher PFOS in maternal serum and 
reduced infunt birth weight (19) . For each log-10 change 
in PFOS . infants weighed 148 .8 g less (95% Cl : -297 .0, 

-0.5) . PFOA had less of an effect on birth weight (-75 .1 g, 
95% CI: -191 .8, 41 .6) (19). A reduction in mean adjusted 
birth weight (-704 g, 9596 CI : -213, 5) per log-unit increase 
in cord serum PFOA was also noted in a hospital-based 
study (n = 293) in Baltimore, Maryland (16) . In this study, 
PFOS, compared with PFOA, had a smaller effect on birth 
weight (-69 g, 95% Cl : -149, 10), A subset of the Danish 
National Birth Cohort (n = 1,400) examined birth weight 
of less than 2,500 g and reported no association with either 
PFC (17) . The adjusted odds ratios were above the null 
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Table 6. Crude and Adiuated" Associations Between Serum Perfluorinatsd Compounds and Singleton Birth Defects° Within 5 Years of Ce Heafth Project Enrollment, Mid-Ohio Valley, 2000-2008 
PFOA Esposun (n - l,NM PFO$ Expoauro (R a 4,atttl) 

Serum PFC No. of crude - - Adjusted No. of Crude Adjusted 
Casea OR OR 96% Ct Cuss OR OR 95% CI 

Per increase from the 74 1 .2 1 .1 0 .8 .1 .6 188 1 .0 1 .1 0.9, 1 .3 251h to the 75th percentile` 
< 50th percentile 35 1-0 1,0 135 1 .0 1 .0 
>5oth percentile 39 1 .1 1 .0 0.8, t .7 53 1 .0 1 .0 0.8, 1 .4 
<50th percentile 35 1.0 1 .0 92 1 .0 1.0 
50th-<75th percentile 18 1.1 1 .0 0.5, 1 .8 43 0.9 0.9 0.6, 1 .3 
751h-94th percentile 9 0.8 0.7 0.3, 1 .8 29 1 .0 1 .1 0.7 .1 .6 
>90th percentile 12 1 .8 1.7 0.8, 3.B 24 1.3 1 .3 0.8.2 .1 
Abbreviations: CI, confidence interval; OR, odds ratio; PFC, pertluorinated compound; PFOA, perfluorooctanoic acid ; PFOS, perfluorooctane suBonate . 
' Adjusted for maternal age, parity, educational level at Interview, smoking status at Interview, and PFOS In the analysis of PFOA and PFOA in the analysis of PFOS. 
° Modeled by using generalized estimating equations with an exchangeable correlation structure to account for multiple pregnancies per woman. 
` Change from the 25th to the 75th percentile corresponds to a shift from 10.3 nglmL to 49 .8 nglmL for PFOA and from 9.0 nglmL to 17 .7 nglmL for PFOS. 

between maternal report of birth weight and birth weight 
recorded in a medical record (28-31) . Recall of gestational 
age is also fairly accurate (29, 32) . The validity of self-
reported preeclampsia is less clear. Maternal recall of 
preeclampsia had low to moderate sensitivity and high spec-
ificity compared with medical records (33) and a positive 
predictive value of only 59.2% (34) . Whether maternal re-
call would be comparable in our population, with relatively 
low educational attainment but recent births, is unknown . 
A high proportion of births in this population were re-

ported to have ended in miscarriage (13.5%), with frequen-
cies of 10% more common based on self-report . Of 
livebirths, 20.9%. were reported to be preterm, higher than 
would be expected in a white population (8%-1596) . Pre-
eclampsia was likewise reported more commonly (9.896) 
than through medical record review (3%-79b) . Reported 
birth defects in 4.7% of livebirths are near the range of that 
expected (3%) . Given the limited quality of self-reported 
information on such outcomes, it seems likely that these 
high frequencies are an artifact of reporting quality rather 
than a reflection of a high background risk in the study area . 
Even with the frequency of self-reported pregnancy out-
comes qualitatively higher than expected, there was no clear 
indication that these outcomes were associated with PFC 
exposure . 

Despite the limitations of relying on matemal report to evaluate pregnancy complications and birth outcomes, we noted several associations consistent with expectation . Ad-vanced maternal age was clearly associated with an in-creased risk of miscarriage . Smokers had a small increase in preterm births and a larger increase in low birth weight . Risk of preectampsia was reduced for both smokers and paruus women, as expected . Our focus on, at most, 5 years between pregnancy and recall should facilitate better recall, 'Me potential for differential recall in relation to exposure 

status is unlikely, except insofar as residents of the more 
highly exposed water districts were aware of their exposure 
and reported adverse outcomes either more completely or 
excessively . The gencrally null results make differential rc-
call unlikely, although nondifferential misclassification 
could have attenuated our results . Potential bias from non-
participation is also a concern ; however, none of the known 
participation biases (smaller proportion of men, elderly, 
young children, nonlocal residents) would have impacted 
our study findings for PFOA because these potential partic-
ipants would not have been eligible for our study. Although 
residents of more highly exposed areas, or people experi-
encing more health problems, may be more likely to partic-
ipate, it is unlikely that there would have been a joint effect 
of exposure and outcome on participation, as needed to pro-
duce biased measures of association (35). 
The laboratory-determined exposure measurement does not suffer from the same quality issues as self-reported preg-

nancy outcomes . Our restriction to pregnancies occurring in 
the 5 years prior to exposure measurement, and for PFOA 
residential stability within affected water districts, should 
ensure that the measured value reflects the level at the time 
of pregnancy. Maternal serum PFOA and PFOS values ap-
pear to drop during pregnancy, but they remain highly cor-related (5, 17) . To the extent that pregnancy modifies 
exposure levels, the measurements will be inaccurate . How-ever, the relative ranking of women based on the measure-
ments would still have value . 

Although other populations can be studied to corroborate 
or refute our findings, the large study size and high PFOA 
exposure call for more complete evaluation of current and past residents of the Mid-Ohio Valley. We are developing 
exposure reconstruction models that will enable us to in-
clude greater numbers of pregnancies to women enrolled 
in the CS Health Project, enhance precision, and refine 
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exposure estimates even for the recent pregnancies included 
in this paper. We are also planning to link self-reported in-
formation on livebirth outcomes to birth records from Ohio 
and West Virginia, with vital records superior to maternal 
recall fur birth weight and preterm birth . With the link to 
vital records, we will also gain additional relevant informa-
tion on preeclampsia and birth defects, despite the known 
limitations in vital records pertaining to these outcomes (36. 
37) . The ubiquitous exposure, suggestive evidence from 
toxicology, and sporadic indications in epidemiologic stud-
ies of possible adverse reproductive effects warrant contin-
ued and more refined evaluation of the association between 
PFC exposure and pregnancy outcome . 
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