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1. C-8 Science Panel Status Report, "Association of Perfluorooctanic Acid 
(PFOA) and Perfluorooctanesulfonate (PFOS) with Uric Acid Among 
Adults with Elevated Community Exposure to PFOA" (Jan. 23, 2009); 

2. Fei, C., et all "Maternal Levels of Perfluorinated Chemicals and 
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4. West Virginia University, "C-8 Health Project Results: C-8 and Other 
Laboratory Values" (Tabular Format) (Jan. 2009). 
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Status report: Association of perfluorooctanic acid (PFOA) and perfluoroctanesulfonate 

(PFOS) with uric acid among adults with elevated community exposure to PFOA 

The C8 Science Panel (Kyle Steenland, Tony Fletcher, David Savitz) 

January 23,2009 

This report summarizes the findings relating PFOA (C8) and PFOS (C8S) to levels of uric acid 
in the serum of the participants in the C8 Health Project, which was carried out in 2005-2006 in 
the Mid-Ohio Valley. A fil l  report of these findings will be submitted to a peer-reviewed 
scientific journal. 



Background: Perfluorooctanoic acid (PFOA, also known at C8) and perfluoroctanesulfonte 

(PFOS, also known at C8S) are compounds which do not occur in nature but have been widely 

used in chemical production since WWII, and persist indefinitely in the environment. They are 

present in the serum of most Americans at median (50th percentile) levels of 4 ng/ml 

(nanogrardmilliter) and 21 nglrnl, respectively, and also present in the serum of residents of 

many other countries. PFOA has been associated with elevated uric acid in one study of exposed 

workers, but not previously studied in a general population. Uric acid is a risk factor for 

hypertension and possibly for other cardiovascular disease. 

Methods: We conducted a cross sectional study to examine the association between PFOA and 

PFOS and uric acid in the serum among 55,388 community residents age 18 and older in Ohio 

and West Virginia, who lived or worked in six water districts contaminated with PFOA fiom a 

chemical plant. All these residents participated in the C8 Health Project in 2005-2006. At that 

time they gave blood, which was used to measure both PFOA and uric acid in the serum (the 

liquid clear part of the blood after blood cells have been taken out). We compared their levels of 

uric acid in relation to levels of C8 via multiple regression techniques, while adjusting for other 

variables which could influence uric acid. 

Results: The median (50" percentile) of uric acid level in the population was 5.5 mg/dl 

(milligram/deciliter). The median level of PFOA was 30 ng/ml, while the median level of 

PFOS was 20 ng/ml. Both PFOA and PFOS were significantly associated with increases in uric 

acid levels, with an increase of 0.2-0.3 mg/dl in uric acid associated with an increase from the 

lowest to highest decile (each decile represents 10% of the population) of either PFOA or PFOS. 

The risk of excessive uric acid (defined as >6 mg/dI in women, >6.8mg/dl in men) increased 

modestly with increasing quartile of each of the two chemicals; the ratios of risk for each quartile 



versus the first quartile were 1.00, 1.24 (95% confidence interval 1.1 6-1.32), 1.34 (95% 

confidence interval 1.26- 1.43), and 1.38 (95% confidence interval 1.30-1.47) for PFOA and 1.00, 

1.06 (95% confidence interval 0.99-1.12), 1.17 (95% confidence interval 1.10-1.24), and 1.25 

(95% confidence interval 1.1 7- 1.33) for PFOS. 

Conclusion: Higher serum levels of both PFOA and PFOS were associated with a higher risk of 

excessive uric acid in the blood. However, because of the fact that uric acid and PFOA/PFOS 

were measured at the same time, we cannot know if an increase in either PFOA or PFOS would 

lead to an increase in uric acid. Other possibilities include that both uric acid and these two 

chemicals increase in relation to some other unknown chemical in the blood, or even that an 

increase in uric acid in fact causes an increase in PFOA or PFOS for unknown reasons. 

Therefore no firm conclusions about a causal relationship between PFOA or PFOS and uric acid 

can be drawn from these findings. 
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Introduction 
Perfluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA) 
belong to a class of perfluorinated chemicals (PFCs) that are widely 
used in many consumer products (paper wraps, fire-fighting foams, 
pesticides, textiles including clothing, upholstery, carpets and personal 
care products) and in manufacturing processes (indunrial surfactants 
and emulsifiers). They are persistent in the environment and have 
been detected in wildlife and humans around the world (Giesy and 
Kannan, 2001; Kannan et a/., 2004; Apelberg et a/., 2007; Calafat 
et a/., 2007; Fei et a/., 2007). They were considered biologically inac- 
tive when first commercially introduced in the 1950's. but animal 
studies of PFOA and PFOS have since indicated toxic effects on the 
liver, immune system and developmental and reproductive organs 
(Kennedy et a/., 2004; Lau et a/., 2004, 2007). PFOA and PK)S may 
affect sex hormone homeostasis, and have been associated with 
increased incidence of fetal resorptions and pregnancy loss in 

: animals (Case et a/., 2001; Butenhoff et a/.. 2004; Lau et a/.. 2006; 
: Wolf et a/., 2007). 

In recent decades, a remarkable decline in fertility rates has been 
: observed in developed countries, which can largely be explained by 
: social changes in desired family sizes and better contraceptive 
: methods, but may also in part be attributed to reduced fecundity. 
: the biological capacity to reproduce (Olsen and Rachootin, 2003). 
: In the USA. 2% of women of reproductive age had an infertility-related 
: medical appointment within the previous year, and 8% had an 
: infertility-related medical visit at some point in the pan (Centers for 
: Disease Control and Prevention (CDC). 2008). Infertility is associated 
: with psychological stress and anxiety for women and couples, and with 
: adverse birth outcomes or diseases (Zhu et 01.. 2007; jensen et a/., 

: 2008). and treatment carries financial burdens for individuals and for 
: society. 

Environmental pollutants, such as polychlorinated biphenyls, pesti- 

: cides and other chemicals ('Taskinen et al., 1999; Law et ol., 2005). 
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have been linked to  subfecundity. In a previous paper (Fei et 01.. 2007), 

we reported that maternal PFOS and PFOA levels were inversely 

related to  parity, perhaps due to fetal uptake during pregnancy or 

excretion by breast milk, but this association could also be explained 

by a link between exposure to  PFOS or PFOA and subfecundity. W e  

used data from the Danish National Birth Cohort (DNBC) to assess 

whether maternal plasma PFOS and PFOA levels, measured in early 

pregnancy, were associated with a longer time to  pregnancy (TTP). 

a measure that has been used to  estimate fecundity in epidemiologic 

studies for more than 25 years (Rachootin and Olsen, 1982). 

Materials and Methods 
The women were enrolled into the DNBC, a nationwide follow-up study 
of almost 100 000 children and their mothers. More details about the 
cohort have been presented elsewhere (Olsen et 01.. 2001). Briefly, preg- 
nant women were recruited through their general practitioners around 
weeks 6- 12 of gestation. Approximately of all general practitioners 
in Denmark participated in the study. and approximately 60% of invited 
women accepted the invitation to participate. Self-reported data were col- 
lected by computer-assisted telephone interviews twice during pregnancy 
and twice after birth. A study biibank was set up, consisting of two 
maternal blood samples taken during pregnancy, and one umbilical cord 
blood sample obtained shortly after birth. 

We measured plasma PWA and PFOS levels in a subset of DNBC par- 
ticipants. Among all participants (n = 43 045) who provided the first 
maternal blood sample. gave birth to a single live born child without con- 
genital malformation, and completed all four telephone interviews, we ran- 
domly selected 1400 women. Detailed information about sampling has 
been described elsewhere (Fei et 01.. 2007). We excluded 160 with 
unplanned pregnancies or unknown TTP. Altogether, 1240 women were 
included in our main analyses. 

Statistical analysis 
PFOA and PFOS levels were analyzed as contrnuous variables and were 

: also categorized a priori into quartiles using the lowest quartile as the 

, reference group. We first used bgistic regression to estimate the odds 
ratios (ORs) of infertility for women who were exposed to higher levels 

: of PFOA or PFOS compared with the reference level. Fecundity odds 
. ratios (FORs) were then estimated using the Cox model modified for dis- 

, crete time data (Allison 1995). Approximate median numbers of months 

i (i.e. 1. 2, 4 and 9) were assigned to the first four reported categories of 
: TTP. TTP was censored at the 13th month if women had a TTP > 12 
' months or received infertility treatment for this pregnancy (n = 201). In 

: our study, FORs measure the odds of a successful conception for 
: women who had higher levels of PFOA or PFOS compared wrth the refer- 
: ence levels within a given calendar month, given that the women did not 
: become pregnant in the previous month. FORs <I therefore indicate 

: decreased fecundity and a longer TTP. A value of P < 0.05 was considered 
: statistically significant. 
- Potential confounders included maternal age at delivery, parity, pre- 

: pregnancy body mass index (BMI), matemal socio-occupational status, 
: paternal education, patemal age and alcohol consumption before preg- 

i nancy. Age at menarche, irregular menstrual periods, history of spon- 
: taneous miscarriages, abdominal diseases (e.g. endometriosis, pain), 
: patemal occupation and gestational weeks at blood drawing were also 

: considered, but were not included in the final models as they had littte 
: effect on the estimated associations. Information on smoking and coffee 

: consumption were only reported after pregnancy and women with TTP 
: > 12 months were more likely to have stopped smoking; furthermore, 

: adjustment for these variables did not change the associations between 
1 PFOA or PFOS and the outcome, and were therefore not included in 

: the models. 

Results 
Written informed consent was obtained from all participants at recruit- j 

ment. The UCLA Office for Protection of Research Subjects (Reference : Half of the became pregnant within the first months of 

No. 06-08-023-01) and the Danish Data Protection Agency (Reference . wing* 379 (30%) had a lTP of z6 months, 188 of whom 

No. J.Nr 2006-41-6324) approved the study protocol. : had a TTP of > 12 months. The average age of the women was 

: 30.6 years and 15% were above 35 years of age at delivery. About 

Time to pregnancy : half of the women were expecting their first child (Table I), and 

In the first interview (at approximately I2  weeks of gestation), women i were overweight Or Eighteen per cent had a 

were asked if their pregnancy was planned. partly planned or not , h i~to ly  of S~ontaneous miscarriages and 14% reported experiencing 

planned. All except those responding 'not planned' were further asked, : mensvual cycles prior to this Pregnancy. 

'For how long did YOU try to get pregnant before you succeeded?' followed . The median plasma PFOA and PFOS levels among the planned or 

by five fixed answering categories of TTP: got pregnant immediately partly planned pregnancies were 5.3 ng/ml [interquartile (IQR): 4.0, 

(i.e. < I months), 1-2, 3-5, 6- 12 and > 12months. Infertility was : 7.01 and 33.7 ng/ml (IQR: 26.6, 43.5). respectively. As previously 
defined as having a TTP of > 12 months or infertility treatment to establish , reported (Fei et 01.. 2007). pFOS and pFOA levels decreased with 
the current pregnancy. : increasing age or parity and with decreasing pre-pregnancy BMI. 

: PFOA levels were associated with irregular menstrual periods (9.0% 
PFOA and PFOS exposure : in the lowest quartile versus 15.0% in the upper three quartiies), as 

We used the maternal blood samples taken at the first antenatal visit : well as PFOS (1 1.6% in the lowest quartile versus 14.2% in the 
(week 4- 14 of pregnancy) for this study. Concentrations of and : upper three quartiles). Compared with women who got pregnant in 
PFOA in plasma were measured by high performance liquid chromato- 1 the first 6 months of waiting time, who had a longer ~TP 
graphy/tandem mass specvom* at the 3M Toxicology Laboratory I had higher PK)A and PFOS levels (P< 0.001 for both), and they 
(Ehresman et 2007). labeled PFOS (I8O2 were likely to be older, of middle socio~occupa~ona~ 
and PFOA (13Cz PFOA) were used in extraction procedures, and the I and to have a history of spontaneous miscarriages or irregular men- 
extractions were performed using solid phase extraction techniques and 

. 

based on 100 p1 of plasma. All values were above LLOQ (the lower : sma' (Table I). with younger pannen Or pamen 

limit of quantification: I ng/ml), except one PFOA value that was assigned i with higher education levels had a 

a value of half the LLOQ. Further details about the analysis methods were I The Propoflion of women with mP > 12 months (infeflilit)') was 
given in our earlier report (Fei et 01.. 2007). The laboratory was blinded to  : higher in the higher three quartiles of PFOA and PFOS versus the 

any information on the pregnant women. : lowest quartile (Table 11). W e  estimated that the odds of infertility 
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Women with planned 
pregnancy (n = 1240)% 
.... . .... ... .... ...... . . 
35.5 + 12.8 

5.6 + 2.6 

<6 months 
(n = 861)% 
. . . . . . . . . . . 
34.6 + 12.7 

5.4 + 2.2 

6- 12 months 
(n = 191)% 

, . . . . . . - . . . . . 
36.6 f 12.5 

6.0, 3.4 

> I 2  months 
(n = 188)% 

. . .... . .... . . . . 
38.3 + 13.0 

6.3 + 2.7 

PFOA 
(ng~rnl)~ 
... ., . . ... 
- 
- 

6.1 + 1.9 

6.1 + 2.8 

5.2 + 2.3 

5.2 2 2.4 

6.7 + 2.7 

4.8 + 2.0 

4.6 + 2.2 

5.2 + 2. I 

5.6 + 2.7 

5.7 + 2.3 

6.1 + 2.6 

5.6 + 2.4 

5.7 + 2.8 

5.6 + 2.2 

5.3 + 2.2 

5.8 + 2.4 
5.5 + 2.2 

5.9 + 3.1 

5.6 + 2.3 

5.6 + 2.6 

5.7 + 2.6 

5.3 4 2.2 

5.6 + 2.6 

5.8 + 2.0 

PFOS 
(ng~rnl)~ 

. . . . . . . . . . 
- 

- 

38.0 + 10.9 
37.1 + 12.6 

34.2 + 13.3 

33.2 + 12.5 

37.8 + 12.7 

33.7 + 12.7 

33.5 + 12.3 

32.9 + 13.8 

35.0 + 12.8 

36.7 + I 1.8 
38.8 f 13.8 

34.2 + 12.5 

37.1 + 12.8 

36.9 + 13.8 

35.4 + 12.4 

37.0 + 12.8 

35.7 f 13.1 

34.4 + 12.8 

34.4 + 1 1.7 , 

35.8 + 13.1 

35.6 + 12.7 

35.1 + 13.4 

35.4 + 13.0 

36.0 f 11.6 

. . . ... . . .... . . .. 
PFOS, ng/rnlb 

PFOA. ng/rnlb 

Maternal age at delivery 

<25 years 7.8 

25-29 years 40.0 

30-34 years 37.0 

>35 years 15.2 

' Parity 
',A; 

. ,  0 44.7 
;i:: 

I 36.3 

2 2  19.0 

Pre-pregnancy BMI 

< 18.5 kg/m2 4.2 

18.5-24.9 kg/rn2 66.3 

25.0-29.9 kg/rn2 22.3 

~ 3 0 . 0  kg/rn2 7.2 
I Maternal SES 
I 

Higher 51.9 

Middle 40.2 

Lower 7.9 

Alcohol consumption before pregnancy (drinkdweek) 

. . O t o < l  22.0 

' 1-1.5 24.0 

2-3 22.0 

>3 32.0 

Smoking in early pregnancy 

Yes 22.7 

N o  77.3 

H~story of spontaneous rniscaniages 

No 82.0 

Yes 18.0 
. , . Irregular menstrual periods 

: NO 86.4 

' Yes 13.6 

Paternal age 

<30 years 29.4 

30-34 years 39.3 

35-39 years 23.1 

1 4 0  years 8.2 

Paternal education 

Lower 20.2 19.2 24.6 20.7 5.7 + 2.1 38.2 + 12.4 

Middle 33.9 

Higher 41.6 

Other o r  unknown 4.3 4.1 4.7 4.8 5.7 + 2.6 33.4 + 12.9 
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