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ABBREVIATIONS :

j3 Beta coefficient

BMI Body mass index

BMDL5 Lower bound of the benchmark dose associated with a 5% change in

response
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BMDLiQ Lower bound of the benchmark dose associated with a 10% change i n

response

C Celsius

C-section Caesarian section

CDC Centers for Disease Control and Prevention

CI Confidence interval

g/cm3 Grams per centimeter cube d

HPLC High-performance liquid chromatography

GA Gestational age

IQR Interquartile range

JHSPH Johns Hopkins Bloomberg School of Public Health

kg/m2 Kilograms per meter squared

Ln Natural log

LOD Detection limit

MD Maryland

MS/MS Tandem mass spectrometry

ng/mL Nanograms per milliliter

NHANES National Health and Nutrition Examination Survey

PFCs Polyfluoroalkyl compounds

PFOA Perfluorooctanoate ~

PFOS Perfluorooctane sulfonate

QC Quality control

SD Standard deviation
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Abstract

BACKGROUND: Recent studies have reported developmental toxicity among rodents

dosed with perfluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA) .

OBJECTIVES: We examined the relationship between PFOS and PFOA cord serum

concentrations (surrogates for in utero exposures) and gestational age, birth weight, and

birth size in humans .

METHODS: We conducted a hospital-based cross-sectional epidemiologic study of

singleton deliveries in Baltimore, MD . Cord serum samples (n = 293) were analyzed for =

PFOS and PFOA by on-line solid-phase extraction, coupled with reversed phase high-

performance liquid chromatography-isotope dilution tandem mass spectrometry .

Maternal characteristics and anthropometric measures were obtained from medical charts.

RESULTS: After adjusting for potential confounders, both PFOS and PFOA were

negatively associated with birth weight (per In-unit : -69 grams, 95% Cl : -149, 10 for

PFOS; =-104 grams, 95% Cl ; -213, 5 for PFOA), ponderal index (per In-unit : =-

0.074 g/cm3 x 100, 95% Cl : -0.123, -0 .025 for PFOS ; P _-0.070 g/cm3 x 100, 95% Cl : -

0.138, -0.001 for PFOA), and head circumference (per In-unit : =-0.32 cm, 95% Cl : -

0 .56, -0.07 for PFOS ; (3 =-0.41 cm, 95% Cl : -0.76, -0.07 for PFOA). No associations

were observed between either PFOS or PFOA concentrations and newborn length or

gestational age. All associations were independent of cord serum lipid concentrations .

CONCLUSIONS : Despite relatively low cord serum concentrations, we observed small

negative associations between both PFOS and PFOA concentrations and birth weight and

size . Future studies should attempt to replicate these findings in other populations .
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Introduction

Polyfluoroalkyl compounds (PFCs) comp rise a class of man-made, fluorinated organic

compounds that have been used in a varie ty of consumer and industrial applications .

Although produced for many years, only recently have reports surfaced suggesting

widespread exposure in wildlife and humans (Butenhoff et al . 2006; Calafat et al . 2007 ;

Giesy and Kannan 2001 ; Houde et al . 2006 ; Kannan et al . 2004) . Two of the most widely

detected and studied compounds in this class are perfluorooctane sulfonate (PFOS) and

perfluorooctanoate (PFOA). PFOS and related compounds (polyfluorinated

sulfonamides) are surfactants used in applications ranging from oil and water repellents

for fabrics, apparel, carpets, and paper coatings to specialty chemical applications such as

insecticides and fire fighting foams (3M Company 1999) . PFOA and its salts are used as

chemical intermediates and processing aids in the production of fluoropolymers and

fluoroelastomers.

Both PFOS and PFOA have shown the potential for developmental toxici ty in animal

studies. PFOS has been shown, in rats and mice, to induce developmental and

reproductive effects, such as reduced birth weight, decreased gestational length, st ructural

defects, developmental delays, and increased neonatal mortali ty (Fuentes et al . 2006 ;

Grasty et al . 2003 ; Lau et al. 2003 ; Luebker et al. 2005a; 2005b; Thibodeaux et at . 2003) .

Recent studies have also reported developmental toxicity from PFOA in rodents, ~

including pregnancy loss, reduced fetal weight, reduced postnatal su rv ival, and delays in

postnatal growth and development in offsp ring (Butenhoff et al . 2004; Lau et al . 2004 ;

Lau et al . 2006) . However, such studies of PFOS and PFOA have been conducted using
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doses that produce serum concentrations much higher than general population huma n

exposures. There are limited epidemiologic data on the potential impacts of PFC

exposure on fetal growth and development . However, one recent occupational study

found no association between employment in jobs with high exposure to PFOS prior to

the end of pregnancy and maternally-reported birth weight (Grice et al . 2007) .

PFOS and PFOA have also been shown to cause reductions in serum cholesterol and/or

triglycerides in several animal species (Haughom and Spydevold 1992 ; Seacat et al .

2003; Seacat et at . 2002; Thibodeaux et al . 2003). Conversely, a few cross-sectional

occupational studies conducted among fluorochemical production employees hav e

reported positive relationships between PFOS and/or PFOA concentrations and serum {

lipid levels (Gilliland and Mandel 1996 ; Olsen et al . 1999; Olsen et al . 2003). The fetus

is likely to be sensitive to the availability of cholesterol and triglycerides, which suppo rt

cellular growth, differentiation, and adipose accumulation (Woollett 2001) . Disruptions

to normal fetal growth and development have been associated with effects across the

lifespan, including adverse neonatal and childhood outcomes (Hofinan et al . 1997;

Kramer et al . 1990) and metabolic diseases in adulthood (Barker 2006) .

In a previous report, we documented factors associated with cord serum concentrations of

PFOS and PFOA in a population of newborn deliveries known as the Baltimore THREE

study (Apelberg et at . 2007) . In this study, we examined the relationship between these

concentrations and gestational age, birth weight, and measures of birth size, including

head circumference, length, and ponderal index (a measure of body mass at birth).
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Material and Methods

Subjects

We conducted a cross-sectional study (the Baltimore THREE Study) of newborn

deliveries at the Johns Hopkins Hospital in Baltimore, MD. This study received approval

from the Johns Hopkins Medicine Institutional Review Board and received a waiver from

the Health Insurance Portability and Accountability Act . The study required the

collection only of specimens that otherwise would have been discarded and information

from medical records that were available to hospital personnel . There was no

requirement for informed consent due to the anonymization of all samples and data.

Members of a community advisory committee, who were selected for their specific

knowledge, expertise, and focus on important child health concerns in Maryland, had the

opportunity to learn about and comment on this study before it was conducted . Between

November 26, 2004 and March 16, 2005 all singleton, live birth deliveries occurring in

the Labor and Delivery Suite at the hospital were eligible for participation in the study .

We excluded women who gave birth to multiple children or women who delivered a

single child but had an initial twin gestation with fetal loss at 20 weeks or later .

Newborns with major congenital anomalies likely to impact fetal growth were excluded

as well .

3

Over the course of the study period, 609 live births occurred at the Johns Hopkin s

Hospital, of which 597 were singleton births. We obtained cord blood specimens from

341 of these, of which 42 had insufficient volume for laboratory analyses and were
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excluded from this study. Additionally, six births were excluded due to known major =

congenital anomalies (n=5) or an initial twin gestation (n=1), leaving a total of 293 stud y

participants . We conducted a brief survey of hospital personnel to understand the major

reasons for missed specimen collection. The most common explanations included:

complications during delivery, premature birth and/or small size of the infant resulting in

small quantity of available cord blood, and logistical factors such as understaffing . The

babies who were not included had somewhat lower gestational ages and birth weights . In =

addition, factors associated with insufficient blood volumes collected were : preterm birth ,

low birth weight, being first born, and younger age of mother .

Detailed methods for the collection and analysis of cord blood samples are described in a

prior publication (Apelberg et al . 2007). Briefly, samples were collected from the

umbilical cord vein by hospital personnel using a sterile technique immediately following

a singleton birth delivery (Witter et al . 2001). Within three hours, refrigerated specimens

were centrifuged and serum was stored at -80 °C in 2 mL polypropylene cryovials,

previously prescreened and shown to be free of PFC contaminants. Specimens were

transferred on dry ice to the Centers for Disease Control and Prevention (CDC) for

laboratory analyses .

Medical Records

We abstracted maternal and infant characteristics from clinical databases maintained by

the hospital . Maternal information was abstracted by two study investigators

concurrently, and a random 10 percent sample was verified by two others . Additional
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information was obtained from forms filled out by the nursing staff at the time of

delivery. Age, race, education, and parity were based on self-report . Body mass index

(BMI) was calculated from reported pre-pregnancy weight and height . Gestational age

was based on the best obstetric estimate . Infant sex was abstracted from the mother's

medical record and confirmed with the infant record . Information on maternal health

conditions were abstracted from the medical record . Maternal smoking status at birth

was defined using a combination of the maternal medical record and cord serum cotinine

concentrations . Cotinine concentrations above 10 ng/mL were categorized as exposure to

maternal active smoking. If the clinical record indicated that the mother reported

smoking at any time during pregnancy, she was considered an active smoker regardless

of the cotinine concentration in cord serum .

Infant anthropometric measures were abstracted from the infant medical record . Birth

weight in grams obtained from the maternal record was confirmed with the infant record .

Head circumference and length in centimeters were abstracted from the infant record .

Ponderal index was calculated as the ratio of birth weight in grams to length in

centimeters cubed, multiplied by 100 (birthweighl/length' x100) . We examined the

relationships between gestational age, birth weight, length, and head circumference to

identify outlying values, which were verified using the infant and maternal record. All

congenital conditions on the birth record were recorded and reviewed by a clinician

blinded to exposure status to determine which subjects had major malformations and

should be excluded from this study . Because only singleton births were eligible for this
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study, we retrospectively excluded one birth, which, unknown to us at the time of sampl e

collection, was from a twin gestation with demise of the other twin at 20 weeks .

Laboratory Analysi s

Polyfluoroalkyl compounds. Cord serum samples were analyzed for PFOS, PFOA, and

nine other PFCs using a modification of the method of Kuklenyik et al . (2005), described

in detail previously (Apelberg et al . 2007; Kuklenyik et al . 2005). This analytical

methodology has been used to measure PFCs in large-scale surveys, including the

National Health and Nutrition Examination Survey (NHANES) (Calafat et al . 2007) .

Briefly, without protein precipitation, the analytes in one aliquot of 100 µL of serum were

preconcentrated using automated solid phase extraction, chromatographically resolved by

reversed-phase high performance liquid chromatography, and detected by negative-ion

TurbolonSpray ionization-isotope dilution-tandem mass spectrometry . For quantification ,

we used "02-PFOS and '802-PFOSA (RTI International, Research Triangle Park, NC), {

and 1 3C2-PFOA provided by Dupont Co. (Wilmington, DE) . The limits of detection

(LOD), calculated as 3Sa, where So is the standard deviation as the concentration

approaches zero (Taylor 1987), were 0 .2 ng/mL (PFOS and PFOA) (Kuklenyik et al .

2005); the limit of quantitation was three times the LOD . In these cord serum samples,

the precursor/product ion m/z transition used for the quantification of PFOS (499/99) had

an interference. Therefore, PFOS concentrations were calculated using another transition
i

(499/130), normally used to confirm the presence of PFOS . The standard accuracies ~
i

(93°/.-118%) were obtained at three spike levels (LOD, 1 .25 ng/mL [6 .6 ng/mL for

PFOS] and 12.5 ng/mL [50 ng/mL for PFOS]) (Kuklenyik et al . 2005). Quality control
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(QC) materials ( low-concentration [-3 ng/mL to -9 ng/mL] and high-concen tration [- 1 0

ng/mL to -30 ng/mL]), prepared from a base calf serum pool, and reagent blank samples

were included in each analytical batch along with the unknown samples and evaluated

according to standard statistical probabili ty rules (Kuklenyik et al . 2005) . Under the

experimental conditions desc ribed above, the coefficients of variation of repeated

measurements of the QC materials, which reflect the inter-batch precision within a pe riod

of 9 months, were 12 .9%-20 .6% (PFOS) and 10.7%-11.6% (PFOA). All laboratory

analyses were conducted by investigators blinded to the characteristics of study subjects .

Cotinine. Concentrations of cotinine in serum were determined using a method described

by Bernert, Jr . et al . (1997). It employs HPLC coupled with atmospheric pressure

chemical ionization MS/MS to measure serum cotinine concentrations with high accuracy

and sensitivi ty (LOD = 0 .015 ng/mL) . This method (Bernert, Jr . et al . 1997) has been

used to assess exposure to environmental tobacco smoke in NHANES and other large-

scale surveys .

Lipids. Serum lipid concentration analyses were conducted using commercially available

test kits from Roche Diagnostics Corp. (Indianapolis, IN) for the quantitative

determination of total triglycerides (Product No. 011002803-0600) and total cholesterol

(Product No. 011573303-0600) . Final determinations were made on a Hitachi 91 2

Chemistry Analyzer (Hitachi, Tokyo, Japan) . ;

Statis tical Analysis

12
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We used descriptive statistics appropriate for right-skewed data to characterize PFOS an d

PFOA concentrations and the Kruskall-Wallis test to compare median concentrations

across demographic characteristics . Spearman rank correlation was used to estimate the

correlation between cord serum concentrations of the two compounds . Because PFOS

and PFOA concentrations were skewed to the right, all statistical tests requiring

assumptions of normality were conducted on natural log-transformed concentrations .

Natural log-transformed concentrations were also used as independent variables in

regression analysis to minimize the potential influence of extreme values on the

regression coefficients. Further, natural log-transformed concentrations provided a bette r

fit than untransformed data in most regression models, based on the Akaike Information =

Criterion and the model RZ . Concentrations below the LOD for PFOS, PFOA, and

cotinine were set to the LOD divided by the square root of two for all analyses (Hornung

and Reed 1990) .

We conducted univariate and multivariate linear regression analyses to examine

associations between PFOS or PFOA and gestational age, birth weight, head

3

circumference, length, and ponderal index. Key determinants of gestational age included

in regression models were : smoking status, age, race, pre-pregnancy BMI, previous

preterm birth, diabetes, and hypertension. Key determinants of birth weight and birth

size included in the primary adjusted models were : smoking status, age, gestational age,

race, pre-pregnancy BMI, net weight gain during pregnancy (weight gain minus birth

weight), height, parity, infant sex, diabetes, and hypertension. Diabetes was defined to

include subjects with pre-existing or gestational diabetes, assuming both conditions

13
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$

would result in increased fetal weight for age. Similarly, hypertension was defined to

include subjects with preeclampsia, pregnancy-induced hypertension, and chronic

hypertension, which were expected to result in decreased weight for age . For

consistency, the same set of covariates was included in the primary regression model for

each endpoint other than gestational age, with the exception of delivery mode (vaginal

versus Caesarian section [C-section]), which was included as a predictor of head

circumference. We also explored the possibility of an interaction between delivery mode

and cord PFOS or PFOA concentrations on head circumference . Based on the empirical

evidence, a quadratic term for matemal age was included in regressions of gestational

age, birth weight, head circumference, and ponderal index, but not for length. A

quadratic term for gestational age was included in regressions of head circumference

only. All other terms were included in the models as linear or categorical (indicator)

variables. We considered maternal education level as a measure of socioeconomic status,

but it was not included in the final models because it did not materially change the

coefficient estimates . We also conducted regressions before and after controlling for

total lipids, total cholesterol, and triglycerides to examine the possible role of serum

lipids as a mediator of any relationships between PFOS or PFOA concentrations and birth

weight and size.

A small number (<4 percent) of participants were missing data on pre-pregnancy weight, ~

height, and/or net weight gain during pregnancy, which are important predictors of birth

weight and size. We imputed the missing data with the median value of height, weight,

and/or weight gain . As a sensitivity analysis, we examined the impact of imputing BMl

14
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or weight gain with extreme values and found no material effect on the regression

coefficients for PFOS or PFOA .

Regression diagnostics were conducted for all models, including examination of fit,

heteroskedasticity, and influence. Statistical analyses were performed using STATA

version 8 .0 (StataCorp, College Station, TX) .

Results
•

PFOA was detected in 100 percent of cord blood serum samples and PFOS was detected

in greater than 99 percent of samples . The median PFOA concentration was 1 .6 ng/mL

(range: 0.3 to 7.1 ng/mL) and the median PFOS concentration was 5 ng/mL (range :

<LOD (0.2) to 34 .8 ng/mL) . Concentrations of PFOS and PFOA in cord serum were

highly correlated (Spearman rank correlation coefficient : 0 .58 ; p<0.01) .

Table I shows the characteristics of the study population stratified by median (an

d interquartile range) cord PFOS and PFOA concentrations. Statistically significant

differences (p<0 .05) in median PFOS concentrations were observed by race, smoking

status, and hypertension and differences in median PFOA concentrations were observed

by BMI category, parity, and infant sex. The distribution of fetal growth indices are

shown in Table 2 .

Table 3 shows univariate and multivariate regression model results of gestational age,

birth weight, length, head circumference, and ponderal index on natural log-transformed

15
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PFOS and PFOA concentrations . The coe fficients from these regression models are

equivalent to a change in the endpoint associated with a 2 .7-fold increase in PFOS or

PFOA. In order to present these findings on the arithmetic scale for PFOS and PFOA, we

also converted the adjusted coefficients into the estimated difference in each endpoint

associated wi th an increase from the 25th to 75~' percentile of concentration (Table 3) .

This corresponds to an increase in concentration from 3 .4 to 7.9 ng/mL for PFOS and

from 1 .2 to 2 .1 ng/mL for PFOA. Multivariate models of birth weight and size are

presented both adjusted for gestational age only and fully adjusted as described above .

A non-statistically significant positive association was obse rved between PFOS and

PFOA and gestational age, which diminished wi th adjustment for key predictors of

gestational age. After adjusting for gestational age, both chemicals were negatively

associated with bi rth weight (p<0.05). Fu rther adjustment for additional covariates

resulted in an attenuation of this association . In the fully adjusted model, a In-unit

increase in cord concentration was associated with a decre ase in mean birth weight of 69

grams (95% Cl -149, 10) for PFOS and 104 grams (95% Cl -213, 5) for PFOA . For head

circumference, a negative association was obse rved wi th PFOS in multivariate analyses .

Under the fully adjusted model, an increase in one In-unit of PFOS was associated with a

decrease in mean head circumference of 0 .32 centimeters (95% Cl : -0.56, -0.07). For

PFOA, a negative association was observed in both univariate and multivariate analyses. '~

In the fully adjusted model, a In-unit increase in PFOA was associated with a decrease in
~

mean head circumference of 0 .41 centimeters (95% CI : -0 .76, -0.07). The association

between PFOA and head circumference was also consistent with a curvilinear

16
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relationship on the lo scale which was con firmed b$ , by inclusion of a quadratic term

(p<0.05) in the model (data not shown). Negative associations were observed for both

PFOS and PFOA with ponderal index in univariate and multivariate models . After full

adjustment, a In-unit increase in PFOS concentration was associated with a decrease in

average ponderal index (g/cm 3 x 100) of 0 .074 (95% Cl: -0.123, -0 .025) . An increase in

PFOA equal to one In-unit was associated with a decrease in mean ponderal index (g/cm3

x 100) of 0 .070 (95% Cl : -0.138, -0.001). In contrast, neither PFOS nor PFOA was

significantly associated wi th newborn length in univariate or multivariate models (Table }

3). The predicted values from selected regression models are plotted ac ross the full range

of ln(PFOS) and ln(PFOA) concentrations in Figure 1 .

We examined the relationships between PFOS and PFOA concentrations wi th serum total

cholesterol, triglycerides, and total lipids and found no evidence of an association

between chemical exposure and any of these biomarkers . Consequently, adjusting for

these measures had no impact on the associations observed between PFOS or PFOA and

the endpoints under study (see Supplemental Material) .

As expected, delivery mode was associated with head circumference, wi th babies born by

C-section having larger head circumferences, on average, compared with vagina l

deliveries, after adjusting for potential confounders . Because of the potential for ~

increased measu rement error due to head molding in vaginal deliveries, we included a n

interaction term between PFOS and PFOA with delive ry mode, which was statistically

significant (p<0.05) . Surprisingly, the negative association was restricted to vaginal

17
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births. Among vaginal bi rths, bo th PFOS and PFOA were negatively associated wit h

head circumference (-4.46 cm per In-unit PFOS [95% Cl -0.73, -0 .19] ; -0.62 cm per In-

unit PFOA [95% CI - 1 .0, -0.23]) . Among C-sections, there was a non-significant

positive association between both PFOS and PFOA and head circumference. To further

explore this issue, we evaluated whether this statistical interaction was also present for

birth weight and ponderal index (data not shown) . For birth weight, some evidence of an

interaction in the same direction was obse rved wi th PFOA (p<0.05) and PFOS (p-0.08) .

No evidence of an interaction was obse rved for ponderal index .

Discussion

In a previous study, we documented the magnitude and determinants of fetal cord serum

concentrations of PFOS and PFOA among deliveries occurring at a hospital in Baltimore,

Ma ry land (Apelberg et al . 2007). In this study, we examined the relationship between

these concentrations and gestational age, bi rth weight, and bi rth size . Our results showed

negative associations between both PFOS and PFOA concentrations and birth weight and

ponderal index, a fter adjusting for potential confounders . We also observed a negative

association between both PFOS and PFOA concentrations and head circumference . For

reasons unknown, the reductions in birth weight and head circumference were only

observed among vaginal delive ries. However, these comprised the majori ty of our

population (77.8%). This finding could be due to chance or could be associated with

underlying complications that led to a delive ry by C-section in our population . By

contrast, no significant associations were obse rved between either PFOS or PFOA

concentrations and newborn length or gestational age . Adjusting for gestational age had

18
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the greatest impact on the association between PFOS and PFOA concentrations and birth
►

weight and size, which tended to strengthen the associations observed .

Head circumference has been used as a measure of brain growth and development

(Lindley et at . 1999) . Future studies will be needed to evaluate whether this finding can

be confirmed and, if so, whether there are associated alterations in neurodevelopment .

Ponderal index has been used by clinicians and epidemiologists as a measure of thinness

at birth and an indicator of disproportionate or asymmetric growth restriction. Fetal

weight and soft tissue mass increase dramatically in the third trimester and the body

becomes more proportional . It has been hypothesized that early insults during gestation

result in symmetric growth restriction and later insults result in asymmetric growth

restriction, but some empirical evidence conflicts with this notion about the timing of

fetal growth disruption (Cunningham et al . 2001 . ; Vik et at . 1997) . Kramer et at . (1989)

showed that disproportionality increased with increasing severity of growth restriction,

suggesting the presence of a continuum of fetal growth restriction, rather than two

-distinct patterns (Kramer et at . 1989). Regardless, several studies have shown

associations between low ponderal index and risk of adverse perinatat outcomes (Cheung

et at . 2002 ; Fay et at . 1991 ; Nieto et at . 1998 ; Villar et at . 1990).

The toxicology literature provides evidence of developmental effects among animals j

dosed with PFOS and PFOA, albeit at substantially higher levels than observed here 3

(Butenhoff et at . 2004 ; Fuentes et al. 2006 ; Grasty et at . 2003 ; Lau et at . 2003 ; Lau et al.

2004 ; Lau et al . 2006; Luebker et al . 2005a; 2005b; Thibodeaux et at . 2003). For

19
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example, Luebker et al . (2005b) estimated a BMDLS (lower bound of the benchmark

dose associated with a 5% change in response) for PFOS and birth weight in rats of 0 .39

mg/kg/day, equivalent to a rat fetal serum concentration of about 34,000 ng/mL .

Butenhoff et al . (2004) reported BMDLias for several postnatal developmental endpoints

for PFOA in rats, ranging from 22 to 44 mg/kg/day, equivalent to rat fetal serum

concentrations from 29,000 to 59,000 ng/mL . Thus, the serum concentrations of these

compounds associated with developmental effects in rats are several orders of magnitude

higher than the concentrations observed here .

Only limited epidemiologic data on PFCs and developmental outcomes exist . In one

recent occupational epidemiologic study of perfluorooctanesulfonyl fluoride

manufacturing workers, investigators examined the relationship between occupational

PFOS exposure and self-reported medical conditions . Among female respondents, a

pregnancy history was ascertained, including the number of previous pregnancies and the

weight (by recall) of all live births. The investigators found no association between

cumulative PFOS exposure, based on a simple job exposure matrix, and maternally-

reported birth weight. However, several key determinants of birth weight were not

adjusted for, most notably, the length of gestation, and the extent of follow-up of workers

who left the company is unclear (Grice et al . 2007) .

Hypolipidemic effects have been among the sensitive changes observed in animals in

response to PFOS and PFOA exposure (Haughom and Spydevold 1992 ; Seacat et al.

2003 ; Seacat et al . 2002; Thibodeaux et al. 2003). In occupational studies, associations

20
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between exposure and cholesterol and triglyceride levels have been observed as well ,

although in the opposite direction (Gilliland and Mandel 1996 ; Olsen et al . 1999; Olsen et

al . 2003) . It is plausible that if PFOS and PFOA were modifying lipid metabolism during

pregnancy, this could be related to our observations of reduced weight for length .

However, the observed associations between PFOS or PFOA and ponderal index were

independent of cord serum lipid levels at birth. Future studies should examine the

possible role of maternal or fetal lipid concentrations earlier in gestation on the

associations observed here . Alternatively, alteration of fatty acid metabolism could hav e

secondary nutritional impacts, such as on absorption of fat soluble vitamins . Further =

studies could determine whether levels of fat soluble vitamins mediate or modify th e

associations between PFOS and PFOA concentrations and weight .

There are some potential limitations to this cross-sectional study, described below, which

should lead to cautious interpretation of the results . We used a precise analytical method

for the detection of sub-parts per billion PFC concentrations in human serum (Kuklenyik

et al . 2005). In this study, however, measurement error for PFOS may be greater than

expected based on the method performance, because a different ion transition had to be

used for quantification . In addition, anthropometric measurements such as head

circumference and length are likely to have a larger degree of measurement error tha n

birth weight, due both to head molding and the potential for measurement subjectivity. '

However, measurement error of either the exposure or endpoint would be expected t o

bias bivariate associations to the null if the error is completely random (Brenner and

Loomis 1994). Further, there is a range of normal variation for these endpoints in a

21
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population and small changes in weight and size at birth would not necessarily have

clinical significance.

Given the relatively low serum concentrations, future studies should examine possible }

non-causal mechanisms which may be responsible for the associations repo rted here.

PFOS and PFOA have an affinity for protein-binding and have been shown to accumulate

in protein-rich compartments in biological systems (Jones et al . 2003; Luebker et al .

2002; Vanden Heuvel et al . 1992). Since serum protein levels may be related to

nutritional status, further studies should examine the potential role protein concentrations

may play in the associations observed between fetal exposure to these chemicals and fetal

growth . Additionally, poor maternal plasma volume expansion has been associated with

smaller size at birth (Salas et al . 2006; Salas et al . 1993). If, hypothetically, reduced

maternal plasma volume expansion led to higher cord blood concentrations of PFOS or

PFOA, this could account for the associations observed here . However, preeclampsia

and pregnancy-induced hypertension are both associated with poor mate rnal plasma

volume expansion (Salas et al . 2006), yet cord serum PFOS and PFOA concentrations

were not elevated among women wi th these conditions (Table 1) . Placental weight is

also related to mate rnal plasma volume (Salas et al . 1993). When preeclampsia and

hypertension, as well as placental weight (data not shown), were added to the regression

models the associations between PFOS and PFOA and growth outcomes did not change. '
~

While we did not find support for th is alte rnative explanation, future studies coul d

examine whether plasma volume changes during pregnancy may be responsible for the

observed associations.
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{

{

13

The use of medical records as the principal source for data on potential confounders is

likely to result in some degree of misclassification . However, we observed the expected

relationships between key predictors and birth outcomes (see Supplemental Material),

suggesting that the degree of residual confounding is likely to be small . Although we

adjusted for the major known determinants of birth size and weight, it remains possible

that other unmeasured factors, such as diet, may be confounding the relationships

observed in this study . The mate rnal diet would be expected to be related to weight and 31-

size of the fetus and it remains possible that the consumption of contaminated food or

water, including the use of fast-food containers, is a pathway of exposure to PFOS and/or

PFOA. In order to confound the relationships observed, undemutrition would have to be

associated with greater PFOS or PFOA exposure. In th is and a previous publication, we

reported slightly higher concentrations of both chemicals in underweight and obese

mo thers compared with normal weight mothers, although not all differences were

statistically significant (Apelberg et al. 2007) .

Finally, our study population represented a group of individuals with more risk factors for

adverse birth outcomes th an the United States as a whole . Compared to national

estimates, the subjects in our population were more likely to be Black, teenagers,
}

unmarried, and cigarette smokers (Hoye rt et al . 2006). This is perhaps not surprising

given the location of the hospital in an urban and economically disadvantaged ~

community . Although not quantified, these subjects may also have higher rates of other

risk factors for poor outcomes, such as substance abuse and infections . It is not clear
}
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what, if any, impact the presence of concomitant risk factors would have on the result s

reported here, but future studies should be conducted in other se tt ings to confirm these

findings .

In summary, we observed a small negative association between PFOS and PFOA

concentrations in cord blood and birth weight, ponderal index, and head circumference .

Al though lipid metabolism alterations have been among the more sensitive effects

observed in animal and human data, the associations observed here were independent of

cord serum lipid levels . We suggest cautious interpretation of this study until the
~; .

findings can be replicated in other populations .

Disclaimer

The findings and conclusions in th is repo rt are those of the authors and do not necessarily

represent the views of the CDC .

r-

~~
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Table 1 . Distribution of study population characteristics by PFOS and PFOA
concentrations .

Median (IQR)
Characteristic N (%) PFOS (ng/mL) PFOA (ng/mL)
Maternal age
<18 24(8.2) 5.0 (33-7.5) 1.4 (1 .1-2 .3)
18-35 246 (84.0) 5.0 (3 .5-7.9) 1 .6 (1 .2-2 .1)
>35 23 (7.9) 4.1 (3 .3-8.7) 1 .6 (0 .9-2.0)

Race*
White 60 (20.5) 4.5 (3.1-7.1) 1 .5 (1 .0-2 .2)
Asian 25 (8.5) 6.5 (3.4-12.3) 1.5 (1 .1-2 .6)
Black 208 (71.0) 5.2 (3 .6-7.8) 1.7 (1 .3-2 .1)

Education
<High school diploma 86 (29.8) 4.6 (3 .3-7.1) 1.5 (1 .2-1 .9)
High school diploma 96 (33.2) 4.9 (3 .7-7.9) 1 .7 (1 .3-2 .2)
1-4 years college 65 (22.5) 5.7 (3 .5-8.6) 1 .6 (1 .1-2 .2)
5+ years college 42 (14.5) 5.0 (3 .4-9.1) 1 .6 (1 .2-2 .4)

Body mass index" (kg/mZ)
Underweight (< 18. 5) 16 (5.7) 6.0 (3 .6-12.0) 1 .8 (1 .2-2 .4)
Normal (18 .5-24.9) 132 (46.6) 4.9 (3.4-7.4) 1 .5 (1 .1-1 .9)
Overweight (25-29.9) 64 (22.6) 5.0 (3 .2-8.1) 1.7 (1 .2-2 .3)
Obese (30+) 71 (25.1) 5.0 (3 .8-8.2) 1 .8 (1 .3-2 .2)

Net weight gain (lbs )
< 21.8 142 (49.8) 4.9 (3 .4-6.8) 1 .6 (1 .2-2.1)
? 21.8 143 (50.2) 5.4 (3 .5-8.9) 1 .7 (1 .2-2.2)

Matemal height (inches )
<64 111(38.4) 5.0 (3 .5-8.2) 1 .7 (1 .2-2 .2)
> 64 178 (61.6) 4.9 (3 .4-7.6) 1 .6 (1 .2-2 .1)

Primiparous '
Yes 122 (41.6) 5.4 (3 .4-8.3) 1 .7 (1 .3-2 .4)
No 171 (58.4) 4.6 (3 .4-7.4) 1 .5 (1 .1-2 .0)

Smoking status*
Active 55 (18.8) 4.1 (3 .3-6.2) 1 .4 (1 .3-1 .9)
Non/Passive smoker 238 (8i .2) 5.2 (3 .5-8.2) 1 .6 (1 .2-2.2)

Infant sex'
Male 162 (55.3) 4.6 (3 .2-7.7) 1.5 (1 .1-1 .9)
Female 131 (44.7) 5.5 (3 .8-8 .0) 1 .8 (1 .4-2 .3)

Type of delivery
Vaginal 228 (77.8) 5.0 (3 .4-7.8) 1.6 (1 .2-2 .1

) C-section 65 (22.2) 5.0 (3 .4-8.4) 1 .7 (1 .2-2 .5)
Hypertension* (preeclampsia, pregnancy-induced, and pre-existing )
Yes 33 (11.3) 4.0 (2.7-7.4) 1 .3 (0 .9-2 .3 )
No 260 (88.7) 5.2 (3 .6-7.9) 1 .6 (1 .2-2.1) ~

Diabetes (gestational and pre-existing )
Yes 20 (6.8) 3.7 (2 .4-8.2) 1 .5 (0.7-2 .2)
No 273 (93.2) 5.0 (3 .5-7.9) 1 .6 (1 .2-2.1)

Gestational age
Preterm 38 (13.0) 4.3 (3.1-8.0) 1 .4 (1 .1-1 .8)
Full-term 255 (87.0) 5.0 (3 .5-7.9) 1 .6 (1 .2-2 .2)

PFOS = per fluoroactane sulfonate. PFOA - pertluomoctanoate, IQR - interqoattile range. kg = kilograms m= meter, lbs = pounds.
Missing data excluded from the calculation of percentages and medfans . The following data were missing: 4 observations for
education, 10 for BMI, 8 for net weight gain, and 4 for maternal height Statistically significant differences (p<0.05) using the
Kruskall-Wallis test denoted by ~ for PFOS and I for PFOA.
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Table 2 . Distribution of study endpoints .

Percentile
Endpoint Mean 10'" 25 " 50t° 75 'k 901h

Gestational age (days) 272 254 266 275 282 287

Bi rth weight (grams) 3,200 2,488 2,777 3,209 3,562 3,909

Head circumference (cm) 33 .5 31.0 32.5 33.5 34.5 35.5

Length (cm) 50.0 47.0 48.5 50.0 52.0 53.5

Ponderal index (g/em' x 100) 2.54 2.15 2.37 2.55 2.72 2.89

cm = centimeters, g = grams.

32



p. 34

[

o

• p O
u ^ ^ ° u.

0 o R O~ 5~ +~ ~-Fov ~^^ o0 0
C►. o c oO ~'o N

+t
o0 N N M 000 COO

o r~ ~ f V -v ~~.,, .
-

O~ 00 O N O~ ~O ~O l- 00 (- v+
~ ap vl ~ n M N .-- ~i 'n m ~ c'1 O O O 7. p.

000
~ ivo <D C) .'.:. .~'. q99 9

V, N 00 (7,
o~

.5 u in st O 00 N ri (R O
O O o •}~ O ~ #~ N h

T
N OQO 00 0

b1) O a0
(~ ~ ~ ~ tr ~ F

T~- N
.Q

~ r O~ Ĉ S
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}

Figure 1 . Birthweight, head circumference, and ponderal index versus In(PFOS) and y

ln(PFOA) concentrations, before and after adjustment for potential confounders . The

dotted line denotes the predicted fit from a simple linear regression model . The solid line {

denotes the predicted fit from the fully adjusted multivariate regression model .

Corresponding regression coefficients are presented in Table 3 . ;

1l
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Supplemental Mate rial : "Cord Serum Concentrations of Perfluorooctane Sulfonat e
(PFOS) and Perfluorooctanoate (PFOA) in Relation to Weight and Size at Birth ."
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Figure 1 . Natural log-transformed PFOA or PFOS concentrations versus natural
log-transformed lipid concentrations in cord serum. j
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Table 1. Multivariate regression coefficients (and 95% CI) for birth weight, hea d
circumference, and ponderal index on ln(PFOS) or ln(PFOA), before and after
adjusting for serum lipid concentrations .

Model Beta Coefficient (95% CI)
PFOS PFOA

Birth weight (grams)
Multivariatea -69 (-149, 10) -104 (-213, 5)
+ Adj for total lipids -70 (-150, 10) -102 (-213, 9)
+ Ad J for total cholesterol -69 (-149, 11) -104 (-215, 7)
+Adj for triglycerides -73 (-153, 7) -107 (-217,3 )

Head circumference (cm )
Multivariate° -0 .32 (-0 .56, -0.07) -0.41 (-0 .76, -0.07) °
+ Adj for total lipids -0.31 (-0 .56, -0.06) -0.44 (-0 .79, -0 .09)
+ Adj for total cholesterol -0 .32 (-0.56, -0.07) -0.45 (-0 .8, -0 .1 )
+ Adj for triglycerides -0 .32 (-0 .57, -0.07) -0.44 (-0.79, -0.09)

Ponderal index (g/cm3 x 100)
Multivariate° -0.074 (-0 .123, -0 .025) -0.070 (-0.138, -0 .001)
+ Adj for total lipids -0.074 (-0 .123, -0 .026) -0.068 (-0.136, -0 .001)
+Adj for total cholesterol -0 .074 (-0 .123, -0 .026) -0.072 (-0 .139, -0 .004)
+ Adj for triglycerides -0 .077 (-0 .125, -0 .029) -0.071 (-0 .138, -0 .004)

a . Multivariate models adjusted for gestation al age, maternal age, body mass index, race, pari ty, smoking,
baby sex, height, net weight gain, diabetes, and hypertension . For head circumference, adjusted model also
includes delivery mode (C-sectionNaginal) .
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Table 2. Coefficients from multivariate regression of gestational age on tn(PFOS) .

Independent variable Coef. Std Err. P>t 95% CI
Ln(PFOS) 1.09 1.19 0.358 -1 .25 3.44
Maternal age (years) 0.76 0.94 0.416 -1.08 2.61
Maternal age squared -0.02 0.02 0.299 -0.05 0.02
Smoker (Yes/No) -6.73 2.04 0.001 -10.74 -2.71
Asian (vs White) 7.06 3.24 0.030 0.68 13.44
African-American (vs White) 1.55 2.18 0.478 -2.74 5.84
Previous preterm birth (Yes/No) -4.06 2.42 0.095 -8.83 0.71
Underweight (vs Normal) -7.69 3.50 0.029 -14.58 -0.81
Overweight (vs Normal) 2.75 2.01 0.171 -1.19 6.70
Obese (vs Normaq 1.14 2.04 0.575 -2.87 5.1 5
Hypertension (Yes/No) -5.75 2.54 0.024 -10.76 -0.75 }
Diabetes (Yes/No) -2.33 3.16 0.462 -8.54 3.89
corls 263.57 12.63 0 238.71 288.43
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Table 3 . Coefficients from multivariate regression of gestational age on In(PFOA).

Independent variable Coef. Std. Err. P>t 95% Cl
Ln(PFOA) 1.87 1.60 0.246 -1.29 5.02
Maternal age (years) 0.78 0.94 0.407 -1.06 2.62
Maternal age squared -0.02 0.02 0.293 -0.05 0.02
Smoker (Yes/No) -6.88 2.03 0.001 -10.88 -2.88
Asian (vs White) 7.24 3.21 0.025 0.91 13.57
African-American (vs White) 1 .62 2.17 0.455 -2.65 5.89
Previous preterm birth (Yes/No) -4 .04 2.42 0.097 -8.80 0.73

3Underweight (vs Normal) -7.74 3.49 0.028 -14.62 -0.8 6
Overweight (vs Normal) 2.64 2.01 0.189 -1.31 6.59
Obese (vs Normal) 0.92 2.06 0.655 -3.13 4.97
Hypertension (Yes/No) -5.73 2.54 0.025 -10.73 -0.74
Diabetes (Yes/No) -2.21 3.16 0.485 -8.42 4.01 , . .
cons 264.27 12.50 0 239.66 288.88

~
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Table 4. Coefficients from multiva riate regression of bi rth weight on In(PFOS).

Independent variable Coef. Std. Err. P>t 95% Cl
Ln(PFOS) -69.3 40.4 0.088 -148.8 10.3
Gestational age (days) 23.9 2.0 0 20.0 27.9
Smoker(Yes/No) -134.5 70.3 0.057 -272.9 3.8
Maternal age (years) 34.5 32.7 0.292 -29.8 98.7
Maternal age squared -0 .6 0.6 0.287 -1 .8 0. 5
Underweight (vs Normal) -204 .3 118.1 0.085 -436.9 28.3 =
Overweight (vs Normal) 131 .7 68.3 0.055 -2.7 266. 1
Obese (vs Normal) 142.2 71.0 0.046 2.3 282.0
Asian (vs White) -89.9 110.3 0.416 -307.1 127.3
African-American (vs White) -120.0 76.2 0 .116 -270.0 29.9
Parity (1+ vs Zero) 154.6 61.2 0.012 34.0 275.1
Baby sex (Male vs Female) 127.8 52.7 0.016 24.1 231.6
Maternal height (inches) 20.7 10.1 0.042 0.7 40.6
Net weight gain (Ibs) 5.9 1.6 0 2.8 9.0
Diabetes (Yes/No) 220.4 105.8 0.038 12.2 428.6
Hypertension (Yes/No) -134.2 87.2 0.125 -305.8 37.3

cons -5211 .7 888.1 0 -6960.0 -3463 .4
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Table 5. Coefficients from multivariate regression of birth weight on ln(PFOA).

Independent variable Coef. Std. Err. P>t 85% C
l L.n(PFOA) -103.9 55.6 0.063 -213.3 5. 5

Gestational age (days) 24.0 2.0 0 20.1 28.0
Smoker (Yes/No) -123.4 70.1 0.08 -261.4 14.7
Maternal age (years) 35.4 32.6 0.279 -28.8 99.6
Maternal age squared -0.6 0.6 0.276 -1.8 0.5
Underweight (vs Normal) -204.9 118.0 0.084 -437.1 27.3
Overweight (vs Normal) 136.3 68.2 0.047 2.0 270.6
Obese (vs Normal) 151.1 71.6 0.036 10.3 292.0
Asian (vs White) -105.0 109.4 0.338 -320.4 110.4
African-American (vs White) -122 .3 75.8 0.108 -271 .6 26.9
Parity (1+ vs Zero) 144.6 61.8 0.02 23.0 266.2
Baby sex (Mate vs Female) 117.8 53.4 0.028 12.6 222. 9
Maternal height (inches) 20.6 10.1 0.042 0.7 40.5 =
Net weight gain (Ibs) 5.7 1.6 0 2.7 8.8
Diabetes (Yes/No) 216.0 105.8 0.042 7.6 424.3
Hypertension (Yes/No) -134.2 87.0 0.124 -305.4 37.0
cons -5297.7 883.6 0 -7037.1 -3558 .3

.J`
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Table 6. Coefficients from multivariate regression of head circumference o n
In(PFOS).

Independent variable Coef. Std. E rr. P>t 95% Cl
Ln(PFOS) -0.317 0.126 0.012 -0 .565 -0.07 0
Gestational age (days) 0.623 0.139 0 0.349 0.898
Gestational age squared -0.001 0.000 0 -0.002 -0.001
Smoker (Yes/No) -0.486 0.220 0.028 -0.920 -0.052
Maternal age (years) 0.130 0.102 0.204 -0.071 0.332 }
Maternal age squared -0.002 0.002 0.187 -0.006 0.00 1
Underweight (vs Normal) -0.612 0.369 0.099 -1 .340 0.115
Overweight (vs Normal) 0.062 0.216 0.776 -0.364 0.487
Obese (vs Normal) 0.286 0.223 0.201 -0.154 0.725
Asian (vs White) 0.219 0.344 0.525 -0.458 0.897
African-Amedcan (vsWhite) -0.565 0.238 0.019 -1.034 -0.095
Parity (1+ vs Zero) 0.611 0.193 0.002 0.231 0.990
Baby sex (Male vs Female) 0.156 0.164 0.342 -0.167 0.480
Maternal height (inches) 0.100 0.032 0.002 0.036 0.16 4
Net weight gain (Ibs) 0.013 0.005 0.009 0.003 0.022 }
Diabetes (Yes/No) 0.711 0.206 0.001 0.305 1 .11 7
Hypertension (Yes/No) 0.745 0.332 0.026 0.091 1 .399
Delivery type ( C-section vs Vaginal) -0.767 0.272 0.005 - 1 .303 -0.231
cons - 64.149 18.717 0.001 -100.999 -27.29 9

S-7



p.44

Table 7. Coefficients from multivariate regression of head circumference on
ln(PFOA).

Independent variable Coef. Std. Err. P>t 95% Cl
Ln(PFOA) -0.413 0.175 0.019 -0.757 -0.068
Gestational age (days) 0.592 0.140 0 0.316 0.869
Gestational age squared -0.001 0.000 0 -0.002 0.000
Smoker (Yes/No) -0.435 0.221 0.05 -0 .870 -0.00 1
Maternal age (years) 0.134 0.103 0.192 -0.068 0.336 =
Maternal age squared -0.003 0.002 0.175 -0.006 0.00 1
Underweight (vs Normal) -0.612 0.370 0.099 -1.341 0.116
Overweight (vs Normal) 0.071 0.216 0.741 -0.354 0.497
Obese (vs Normal) 0.310 0.225 0.171 -0.134 0.753
Asian (vs White) 0.147 0.342 0.669 -0.527 0.820
African-American (vs White) -0.583 0.238 0.015 -1 .051 -0.114
Parity (1+ vs Zero) 0.585 0.194 0.003 0.202 0.967
Baby sex (Male vs Female) 0.122 0.167 0.465 -0.207 0.451
Matemal height (inches) 0.100 0.033 0.002 0.036 0.164
Net weight gain {lbs) 0.012 0.005 0.014 0.002 0.022
Diabetes (Yes/No) 0.720 0.207 0.001 0.313 1.127
Hypertension (Yes/No) 0.749 0.333 0.025 0.094 1.404
Delivery type (C-section vs Vaginal) -0.755 0.272 0.006 -1 .291 -0.219
cons -60.477 18.855 0.002 -97.598 -23 .355
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Table S. Coefficients from multiva riate regression of length on ln(PFOS).

Independent va riable Coef. Std. Err. P>t 95% Cl
Ln(PFOS) 0.126 0.198 0.523 -0.263 0.516
Gestational age (days) 0.107 0.010 0 0.088 0.12 7
Smoker (Yes/No) -0.758 0.347 0.03 -1.440 -0.075 '•
Maternal age (years) 0.018 0.025 0.48 -0.031 0.066
Underweight (vsNormal) -0.912 0.576 0.114 -2.046 0.222
Overweight (vs Normal) 0.111 0.335 0.741 -0.548 0.770
Obese (vs Normal) 0.547 0.350 0.119 -0.142 1 .236
Asian (vs White) -0.246 0.534 0.645 -1 .298 0.806
African-American (vs White) -0.377 0.375 0 .316 - 1 .115 0.362
Parity (1+ vs Zero) 0269 0.292 0.356 -0.305 0.843
Baby sex (Male vs Female) 0 .557 0.258 0.032 0.048 1.065
Maternal height (inches) 0.095 0.050 0.06 -0.004 0.194
Net weight gain (Ibs) 0.016 0.008 0.033 0.001 0.031 }
Diabetes (Yes/No) 0.806 0.515 0.119 -0.208 1 .820
Hypertension (Yes/No) -0.228 0.427 0.594 -1 .069 0.613

cons 13.516 4.088 0.001 5.467 21.565
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Table 9. Coefficients from multivariate regression of length on ln(PFOA) .

Independent variable Coef. Std. Err. P>t 95°b C

l Ln(PFOA)-0.100 0.272 0.714 -0.636 0.436

Gestational age (days) 0.108 0.010 0 0.088 0.127

Smoker (Yes/No) -0.761 0.347 0.029 -1 .444 -0.078

Maternal age (years) 0.020 0.025 0.425 -0.029 0.069

Underweight (vs Normal) -0.876 0.576 0.129 -2.010 0.258

Overweight (vs Normal) 0.107 0.335 0.75 -0.553 0.766

Obese (vs Normal) 0.596 0.353 0.093 -0.100 1.291

Asian (vs White) -0.195 0.531 0.714 -1 .240 0.850

A(cican-American (vs White) -0.324 0.374 0.387 -1 .059 0.412

Parity (1+ vs Zero) 0.233 0.295 0.43 -0.347 0.813

Baby sex (Male vs Female) 0.523 0.262 0.047 0.007 1 .038

Maternal height (inches) 0.090 0.050 0.074 -0.009 0.189

Ne(weight gain {Ibs) 0.017 0.008 0.026 0.002 0.032

Diabetes (Yes/No) 0.752 0.516 0.146 -0.264 1 .768

Hypertension (Yes/No) -0.282 0.427 0.509 -1 .122 0.557

cons 13.894 4.069 0.001 5.883 21.905

{
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Table 10. Coefficients from multivariate regression of ponderal index on In(PFOS) .

Independent variable Coef. Std. Err. P>t 95% Cl

Ln(PFOS) -0.074 0.025 0.003 -0.123 -0 .025

Gestational age (days) 0.005 0.001 0 0.003 0.008

Smoker (Yes/No) 0.009 0.044 0.842 -0.078 0.095

Maternal age (years) 0.040 0.020 0.05 0.000 0.080

Maternal age squa red -0.001 0.000 0.03 -0.002 0.000

Underweight (vs Normal) -0.019 0.073 0.793 -0.163 0.124

Overweight (vs Normal) 0.057 0.042 0.182 -0.027 0.140

Obese (vs Normal) 0.001 0.044 0.986 -0.087 0.088

Asian (vs White) -0.040 0.068 0.559 -0.174 0.094

Affrican-American (vs White) -0.039 0.048 0.416 -0.132 0.055

Parity ( 1+ vs zero) 0_086 0.038 0.024 0.012 0.160

Baby sex (Male vs Female) 0.006 0.033 0.855 -0.058 0.070

Maternal height (inches) 0.000 0.006 0.968 -0.012 0.013

Net weight gain (Ibs) 0.002 0.001 0.05 0.000 0.004

Diabetes (Yes/No) 0.064 0.065 0.325 -0.064 0.193

Hypertension (Yes/No) -0.083 0.054 0.128 -0.189 0.02 4

cons 0.729 0.567 0.2 -0.387 1 .844
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Table 11. Coefficients from multivariate regression of ponderal index on In(PFOA).

Independent variable Coef. Std. Err. P>t 95% C I
Ln(PFOA) -0.070 0.035 0.045 -0.138 -0.001

Gestational age (days) 0.005 0.001 0 0.003 0.008

Smoker (Yes/No) 0.018 0.044 0.678 -0.069 0.106

Maternal age (years) 0.041 0.021 0.047 0.000 0.082

Maternal age squared -0.001 0.000 0.027 -0.002 0.000

Underweight (vsNormal) -0.025 0.074 0.737 -0.170 0.120

Overweight (vs Normal) 0.061 0.043 0.155 -0.023 0.145

Obese (vs Normal) 0.001 0.045 0.974 -0.087 0.090

Asian (vs White) -0.059 0.068 0.385 -0.194 0.075

African-American (vs White) -0.048 0.048 0.312 -0.142 0.046
Parity (I + vs Zero) 0.083 0.039 0.032 0.007 0.159

Baby sex (Male vs Female) 0.003 0.033 0.932 -0.063 0.069

Maternal height (inches) 0.001 0.006 0.879 -0.012 0.014

Net weight gain (ibs) 0.002 0.001 0.087 0.000 0.004

Diabetes (YeslNo) 0.068 0.066 0.301 -0.061 0.198

Hypertension (Yes/No) -0.075 0.055 0.17 -0.182 0.03 2

cons 0.596 0.568 0.295 -0.523 1 .715
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