
Perfluorooctanoic acid, perfluorooctanesulfonate, and serum
lipids in children and adolescents: results from the C8 Health
Project

Stephanie J. Frisbee, MSc, MA1,2, Anoop Shankar, PhD1,2, Sarah S. Knox, PhD1, Kyle
Steenland, PhD3, David A. Savitz, PhD4, Tony Fletcher, PhD5, and Alan M. Ducatman, MD,
MS1

1West Virginia University School of Medicine Department of Community Medicine
2West Virginia University School of Medicine Center for Cardiovascular and Respiratory Sciences
3Emory University Rollins School of Public Health Department of Environmental and Occupational
Health
4Mount Sinai School of Medicine Department of Community and Preventive Medicine
5London School of Hygiene and Tropical Medicine Public Health and Environmental Research
Unit

Abstract
Objective—Perfluorooctanoic acid (PFOA) and perfluorooctanesulfonate (PFOS) are man-made
compounds with widespread presence in human sera. In previous occupational and adult studies,
PFOA and PFOS have been positively associated with serum lipids. Our objective is to interrogate
the association between PFOA and PFOS and serum lipids in children.

Design—Cross-sectional community-based study.

Setting—Mid-Ohio river valley.

Participants—12,476 children included in the C8 Health Project, resultant from the pre-trial
settlement of a class action lawsuit pursuant to PFOA contamination of the drinking water supply.

Main Outcome Measures—Serum lipids (total, HDL, and LDL cholesterol, and fasting
triglycerides).

Results—Mean serum PFOA and PFOS concentrations were 69.2±111.9 ng/mL and 22.7±12.6
ng/mL. In linear regression after adjustment for covariables, PFOA was significantly associated
with increased total and LDL cholesterol, and PFOS was significantly associated with increased
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total, HDL, and LDL cholesterol. In GLM ANCOVA analysis, between the 1st—5th quintiles of
PFOA there was a 4.6 mg/dL and 3.8 mg/dL increase in the adjusted mean of total and LDL
cholesterol, and an 8.5 mg/dL and 5.8 mg/dL increase in the adjusted mean for total and LDL
cholesterol between the 1st—5th quintiles of PFOS. Increases were 10 mg/dL for some age- and
gender-group strata. Observed effects were non-linear, with larger increases in total and LDL
cholesterol occurring the lowest range of particularly PFOA.

Conclusions—While the epidemiologic and cross-sectional nature of the current study limit
causal inferences, the consistent observed associations between increasing PFOA and PFOS and
elevated total and LDL cholesterol warrant further study.

Keywords
Perfluorocarbons; Perfluoroalkyl acids; PFOA; C8; Toxic tort settlement; Environmental
contamination; serum lipids; cholesterol; children

INTRODUCTION
Perfluorooctanoic acid (PFOA) and perfluorooctanesulfonate (PFOS) are perfluoroalkyl
acids, man-made compounds used as emulsifiers during the manufacture of fluoropolymers,
chemicals that give non-stick heat resistance to cookware, or breathable yet waterproof
properties to fabrics and upholstery. Perfluoroalkyl acids may also result from the
metabolism or breakdown of fluorinated telomers, compounds used as coatings for
commercial food packaging, factory treatments for fabrics and carpets, and manufacturer
pre-treatment for “stain-resistant” clothing.

Recent reviews of the PFOA and PFOS scientific literature emphasize their environmental
persistence and presence in a variety of marine and freshwater species.1–3 Human sera
across myriad age groups and geographies are known to contain perfluoroalkyl acids
generally, and PFOA and PFOS specifically. Recent results from the NHANES study
reported detection of perfluoroalkyl acids in almost all samples, with a US-population
median for PFOA of 5.2 ng/mL and 3.9 ng/mL (1999–2000 and 2003–2004 respectively).4,5

Identified sources of human exposure to PFOA and PFOS include drinking water, dust, food
packaging, breast milk, cord blood, microwave popcorn, ambient air, and occupational
exposure,1,6–8 although the relative contribution of each is unknown.

Animal studies have identified the liver as a primary target organ for perfluoroalkyl acid
physiologic activity. Reported toxicological effects of exposure to PFOA and/or PFOS
include hepatomegaly, reduction in serum triglycerides and cholesterol in some animal
species, and alterations in coenzyme-A activity. These alterations in hepatic metabolism and
function have been attributed to perfluoroalkyl acid action as a PPAR-α agonist with
subsequent peroxisome proliferation.1–3

Compared to effects seen in animals, human studies have reported different associations
between PFOA and lipids. In occupationally exposed employees, PFOA associations have
included increased PFOA and: increased total cholesterol but not triglycerides or other
lipids;9 increased total and LDL cholesterol but not HDL;10 increased total cholesterol but
not triglycerides or HDL;11 and increased triglycerides but no association with total or LDL
cholesterol.12 Study of a community cohort with known environmental PFOA
contamination reported no association between PFOA and total cholesterol.13 A recent,
much larger study of adults from the same and adjacent environmentally exposed
communities reported a robust, positive association between PFOA and total and LDL
cholesterol, and a less clear association of PFOA with triglycerides.14

Frisbee et al. Page 2

Arch Pediatr Adolesc Med. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



No study has investigated potential associations between perfluoroalkyl acids and lipids in
children. The importance of such studies is three-fold. First, if such associations are
etiologic, exposure prevention would become important to reduce the long-term health
consequences of elevations in known cardiovascular disease risk factors. Second, studying
potential health consequences of an environmental exposure in children may provide greater
insight as children likely have fewer factors confounding underlying associations (e.g.,
prevalent chronic or acute disease, medication use) compared to adults. Third, given
possible differences in physiologic processes due to developmental changes in children and
adolescents, toxicologic impact may be different compared to that observed in adults. Thus,
the purpose of the current study is to interrogate associations between serum PFOA and
PFOS and lipids in a large, community-based sample of children.

METHODS
Study Methods and Participants

Participants in the current study were 12,476 children, 1–17.9 years at their enrollment in the
C8 Health Project (the Project). The Project has been more completely described
elsewhere.15 Briefly, the Project resulted from a pre-trial settlement of the class action
lawsuit, Leach v. E.I. du Pont de Nemours & Co., filed in 2002 after PFOA from the DuPont
Washington Works facility near Parkersburg, WV was found to have infiltrated several local
drinking water supplies along the mid-Ohio River valley. Project eligibility criteria included
the ability to document consumption of contaminated drinking water (from one of 2 public
water districts in West Virginia or 4 in Ohio, or from private water sources within the public
water districts which contained ≥0.05 ppb PFOA) for at least one year between 1950 and
December 3, 2004, at primary residence, place of employment, or school. Participants
enrolled over a 13-month period in 2005–2006. Participation and enrollment included:
documentation of identity and eligibility; a self-reported survey of demographics, personal
health history and lifestyle habits; self-reported height and weight; and voluntary submission
of a blood sample. As we have previously reported, approximately 60% of participants were
resident in an eligible water district at the time of their enrollment in the Project, and an
estimated 80% of people resident in the eligible water districts at the time of the Project
enrolled as participants.15 With 69,030 total participants (12,476 children), the Project
represents the largest community-based study investigating potential associations between
PFOA exposure and human health effects undertaken to date.

Blood Sample Processing and Laboratory Methods
Children voluntarily submitted blood samples, a maximum 26 cc. Tubes were spun,
aliquotted, and refrigerated at community-based data collection sites until shipping to
laboratories for analysis.

Clinical laboratory tests were performed at an accredited clinical diagnostic laboratory
(LabCorp, Inc, Burlington, NC, USA). The lipid panel included total, HDL, and LDL
cholesterol (total-C, LDL-C, HDL-C), and triglycerides. LDL-C was calculated using the
Friedewald formula for those with triglycerides <400mg/dL. While fasting was not a
requirement for phlebotomy, the time of last meal was reported.

The primary laboratory performing perfluorocarbon analysis (Exygen Research Inc., State
College, PA, USA) was also used for an independent study of a smaller group of residents in
one water district included in the Project.16 Full perfluoroalkyl acid analytic techniques and
quality assurance protocols for the Project have been published.15 Briefly, the analytic
protocol used was a modification of a previously described protocol that used a protein
precipitation extraction together with reverse-phase high-performance liquid
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chromatography/tandem mass spectrometry.17 Spectrometric detection was performed using
a triple quadrupole mass spectrometer in selected reaction monitoring mode, monitoring for
the individual m/z transitions for the perfluoroalkyl acid and 13C-PFOA surrogate.

Consenting Procedures
Project data collection administered by Brookmar, Inc. was conducted under the authority
and supervision of the Court. Brookmar Inc. employed a consenting procedure, approved by
parties to the Settlement, which included language specific to the Project’s purpose and data
collection procedures, and the mandatory documentation requirements to demonstrate Class
eligibility. All participants submitting a voluntary blood sample completed the standard
consent and release forms of the clinical laboratory contracted for phlebotomy. The Project
group at West Virginia University and the C8 Science Panel obtained IRB approval, from
their own, academic institutions permitting access to anonymous Project data.

Statistical Analysis
The outcome variables were total-C, LDL-C, HDL-C, and triglycerides. For simplicity, the
same covariables were considered for all analytic models: age, gender (except for models
stratified by gender), BMI z-score, time of fasting (minutes), and whether the participant had
a regular exercise program. Age was included as a continuous variable and as 2 strata (1–
11.9 and 12–17.9 years of age) to assess possible age and developmental confounding. For
all analyses using quantiles, grouping was established within age group and gender, and so
quantiles are age-group and gender specific. Presence of a regular exercise program was
self-reported as part of the survey (“Do you engage in an exercise program?” with a “Yes/
No” response option), as was fasting, height, and weight. Analyses including triglycerides
were conducted for only those reporting a fast ≥6 hours. BMI z-score was calculated using
EpiInfo™ (CDC, 2000 Reference dataset).

Multiple, linear regression was performed to assess for the presence of an overall, linear
association between PFOA or PFOS and lipids. Both PFOA or PFOS and the dependent
variable were natural-log transformed.

General linear model (GLM) analysis ANCOVA was performed to estimate predicted lipids
(estimated marginal mean; EMM) after adjustment for covariables based on increasing
PFOA or PFOS quintiles. The serum lipid was defined as the dependent variable, PFOA or
PFOS quintile as a fixed factor, and the other independent variables (age, gender, BMI z-
score, exercise, fasting) as covariates. The covariable-adjusted EMM for each quintile is
presented graphically for the overall population (all age groups and genders combined). The
difference in the covariable-adjusted EMM between the 5th and 1st quintile was established
for each age group and gender strata. To interpret the statistical significance of the trend in
the quintile-based change in the covariable-adjusted EMM, linear regression analysis was
used to estimate the β-coefficient (and corresponding p value) for the PFOA or PFOS
quintile and is reported as a β-for-trend.

To assess the linearity or non-linearity of any association between PFOA or PFOS and
serum lipids, 20-group quantiles were determined and the population median for each group
calculated. GLM ANCOVA analysis was again used to determine the covariable-adjusted
EMM for each quantile, which was plotted against its PFOA or PFOS median.

Binary logistic regression analysis was performed to assess the odds of abnormal lipids with
increasing PFOA or PFOS. For total-C, LDL-C and triglycerides, categorization as
abnormal was based on American Heart Association-endorsed cut-off values for
“borderline” or “high” in children (total-C ≥170 mg/dL, LDL-C ≥110 mg/dL, triglycerides
≥150 mg/dL).18 For HDL cholesterol, children with values <40 mg/dL were classified as
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abnormal. Logistic regression analysis was performed using PFOA or PFOS quintile dummy
variables, where the 1st quintile group was considered the referent group.

Interaction between PFOA and PFOS was dually assessed. Using logistic regression
analysis, with models otherwise constructed as described above, was performed with PFOA
quintile, PFOS quintile, and the product of quintiles (interaction term) included in the
analytic model. The statistical significance of the interaction term (p-interaction) is reported.
Logistic regression analysis was also used to assess for the presence of multiplicative
interaction using models also as otherwise described above. Four groups were created based
on both PFOA and PFOS quintile: Group 1 (PFOA 1st–4th quintile & PFOS 1st–4th quintile);
Group 2 (PFOA 5th quintile & PFOS 1st–4th quintile); Group 3 (PFOA 1st–4th quintile &
PFOS 5th quintile); Group 4 (PFOA 5th quintile & PFOS 5th quintile). Logistic regression
was then completed using 3 dummy variables, where Group 1 was considered the referent
group.

Sensitivity analyses were also conducted for the impacts of fasting and socioeconomic
status. Using models otherwise constructed as described above, multiple, linear regression
was performed for models with and without household income (dichotomized at ≤$30,000/
year or >$30,000/year), and models adjusted for fasting status or with only participants
having completed ≥6 hour fast. The magnitude and statistical significance of β-coefficients
for the different models were then compared. Both PFOA or PFOS and the dependent
variable were natural-log transformed.

All analyses were performed using SPSS© (Chicago, IL).

RESULTS
General characteristics of participants are reported in Table 1. The average age was 11.1±4.5
years (mean± standard deviation) and participation was similar across genders (49% girls
and 51% boys). Of the 12,476 children included in the current study, >10,000 (>80%) had
perfluoroalkyl acid quantification and serum lipids available for analysis. Consistent with
Census Bureau estimates for the area, more than 95% reported their ethnicity as “White”,
almost 40% (39.7%) were classified as overweight or obese (≥85th BMI percentile), and
approximately one-third (36.7%) reported having a regular exercise program. Based on
participant-reported residence at the time of their enrollment, a slightly higher proportion of
participants were from Ohio compared to West Virginia (54% vs. 44%, respectively).

Mean total-C was 160.7±29.3 mg/dL, with 65.8% classified as acceptable (<170 mg/dL).
Mean calculated LDL-C was 87.3±25.2 mg/dL, with 83.7% classified as acceptable (<110
mg/dL). Mean HDL-C was 49.3±11.3 mg/dL, with 92.2% classified as ideal (≥35 mg/dL)
and 19.7% <40 mg/dL. Finally, mean fasting triglycerides was 99.1±56.0 mg/dL, with
85.7% classified as acceptable (≤150 mg/dL).

Mean serum PFOA and PFOS concentration was 69.2±111.9 ng/mL and 22.7±12.6 ng/mL
respectively, with serum concentrations statistically significantly higher in males and
younger children for both PFOA and PFOS, particularly PFOA. Consistent with the
environmental (drinking water) contamination and as previously reported,15 serum PFOA
concentration for 12–19 year olds in the Project population was substantially above the
reported concentration for 12–19 year olds in the 2003–2004 NHANES study,5 while PFOS
concentrations were similar (29.3 ng/mL vs. 3.9 ng/mL and 19.1 ng/mL vs 19.3 ng/mL
respectively).

Results from regression analysis (not shown) demonstrated that, after adjustment for
covariables, total-C and LDL-C were linearly and positively associated with both PFOA and
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PFOS (p<0.0001 for all models). Triglycerides were also linearly and positively associated
with PFOA (p=0.019) but not PFOS. HDL-C was not linearly associated with PFOA but
was positively associated with PFOS. For linear regression models and other analyses
reported here, it was almost always the case that all covariables were also statistically
significantly associated with the dependent variable (not shown).

Associations between increasing PFOA and PFOS quintiles and the covariable-adjusted
EMM of serum lipids are depicted in Figure 1. Both total-C and LDL-C demonstrated a
consistent increase for each increase in PFOA or PFOS quintile: a 4.6 mg/dL and 3.8 mg/dL
increase in the covariable-adjusted EMM of total-C and LDL-C between the 1st and 5th

quintile of PFOA; and a 8.5 mg/dL and 5.8 mg/dL increase in the covariable-adjusted EMM
of total-C and LDL-C between the 1st and 5th quintile of PFOS. Overall associations
between PFOA and PFOS and HDL-C and triglycerides were less clear with no apparent
association between PFOA quintile and covariable-adjusted EMM for HDL-C, or PFOS
quintile and covariable-adjusted EMM for triglycerides. There was a small increase in the
covariable-adjusted EMM of HDL-C and the 1st and 3rd quintile of PFOS, but not the 3rd to
5th quintile of PFOS. There was no difference between the covariable-adjusted EMM for
triglycerides and the 1st, 2nd, or 3rd PFOA quintile, but an increase between the 3rd and 4th

or 5th quintile of PFOA.

These associations are more fully characterized in Table 2, which reports differences
between the 5th–1st quintile and β-for-trend for age group and gender strata. For PFOA and
total-C and LDL-C, there was a trend toward a larger increase in the covariable-adjusted
EMM in younger compared to older age groups (5.8 mg/dL vs. 4.2 mg/dL for total-C and
4.92 mg/dL vs. 3.24 mg/dL for LDL-C), and in boys compared to girls (within each age
group). The β-for-trend for each of these age group and gender strata were all statistically
significant (p<0.05). For PFOS, there was a trend toward a larger increase in the covariable-
adjusted EMM in older compared to younger age groups (9.5 mg/dL vs. 5.5 mg/dL for total-
C and 7.5 mg/dL vs. 3.4 mg/dL for LDL-C), and a trend toward larger increases for boys
compared to girls (within each age group). The β-for-trend for each of these age group and
gender strata were also all statistically significant (p<0.05).

In contrast, the β-for-trend for age group and gender strata for the associations between
PFOA and HDL-C and triglycerides were not statistically significant (except for one
stratum), making differences in the covariable-adjusted EMM difficult to interpret. For
associations between PFOS and HDL-C, the β-for-trend was statistically significant for boy
and both genders combined (but not girls) for both age groups, though marginal increases in
covariable-adjusted EMM were small (1.1 mg/dL to 2.6 mg/dL). Similarly, the β-for-trend
for age group and gender strata for the associations between PFOS and triglycerides were
not statistically significant (except for one stratum), making differences in the covariable-
adjusted EMM difficult to interpret.

In Figures 2 and 3, the covariable-adjusted EMM for serum lipids for 20-group quantiles of
PFOA or PFOS are plotted against the median of PFOA or PFOS for the quantile. For both
PFOA and PFOS, the results demonstrated a non-linear association between increasing
PFOA or PFOS and total-C and LDL-C. For PFOA, the largest increases in the covariable-
adjusted EMM of total-C and LDL-C were seen at the lowest range of PFOA
concentrations; the slope attenuated at higher serum concentrations. Although population
exposure and corresponding serum concentrations of PFOS were lower, the relationship
between increasing PFOS quantiles and the covariable-adjusted EMM of total-C and LDL-C
was similar across the spectrum of serum PFOS concentrations. HDL-C also demonstrated a
small, non-linear association with increasing PFOS.
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Logistic regression results are shown in Table 3. Both increasing PFOA and PFOS quintiles
were positively associated with an increased risk of abnormal total-C (adjusted odds ratio
1.2 (95% CI 1.1–1.4) and 1.6 (1.4–1.9) respectively) and LDL-C (1.4 (1.2–1.7) and 1.6 (1.3–
1.9) respectively); increasing PFOS quintiles were also associated with decreased risk of low
HDL-C (0.7 (0.6–0.9)). Neither PFOA nor PFOS were associated with increased risk for
abnormal triglycerides.

Results for analyses assessing interaction are shown in Table 4. For total-C, LDL-C and
triglycerides, results do not support interaction between PFOA and PFOS in the prediction
of these lipids. There is some evidence of multiplicative interaction between PFOA and
PFOS in the reduction of the risk of low HDL-C (the odds ratio for Group 4 exceeds the
product of the odds ratios for Group 2 and Group 3).

Sensitivity analyses were conducted to assess the stability of the association between PFOA
or PFOS and lipids after the inclusion of household income and for fasting-only participants.
Results (not shown) suggested that, after adjustment for the same covariables, models were
stable and associations unaltered. The positive and statistically significant association
between both PFOA and PFOS and total-C and LDL-C was not altered after the inclusion of
household income, a proxy for socioeconomic status, or when analysis was performed only
on the subset of participants who had completed a ≥6 hr fast. Likewise, the positive,
statistically significant association between PFOA and fasting triglycerides was not altered
after the inclusion of household income. PFOS was not associated with fasting triglycerides
with or without the inclusion of household income. The association between PFOA and
HDL-C was not statistically significant with or without the inclusion of household income,
or for the fasting or non-fasting participants. The positive, linear association between PFOS
and HDL-C was statistically significant with and without the inclusion of household income,
and for both the fasting and non-fasting participants.

DISCUSSION
This study reports the first known assessment of associations between PFOA and PFOS and
serum lipids in children from the largest community-based study of the effects of PFOA
exposure to date. Across several types of analyses, results consistently provided evidence for
a positive association between PFOA and PFOS and serum lipids, specifically an increase in
total-C and LDL-C with increasing PFOA and PFOS. Dose-response relationships were
non-linear, with larger increases in lipids at the lower range of PFOA concentration in
particular. Additionally, results suggested that the magnitude of association between PFOS
and total-C and LDL-C was higher than that between PFOA and total-C and LDL-C.
Finally, there was a statistically significantly increased risk for abnormal total-C and LDL-C
with increasing PFOA and PFOS.

Results reported here are consistent with previous studies in adults which have generally
shown a trend toward a positive association between PFOA and cholesterol. Observations
reported here are also consistent with a study of adults (≥18 years) from the same Project
population, where authors reported an 11–12 mg/dL increase in total-C from the lowest to
highest decile of serum PFOA (vs. a 4.6 mg/dL from the lowest to highest quintile reported
here) and a corresponding 8–9 mg/dL increase in LDL-C (vs. 3.8 mg/dL reported here), and
a 10–12 mg/dL increase in total-C from the lowest to highest decile of serum PFOS (vs. 8.5
mg/dL from the lowest to highest quintile reported here) and a corresponding 11–12 mg/dL
increase in LDL-C (vs. 5.8 mg/dL reported here).14

Evidence from animal studies has suggested that activation of PPAR-α is an important
mechanism through which PFOA and PFOS exert biologic effects, though it is unclear that
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this animal-based evidence can be extrapolated to humans. PFOA and PFOS elimination
time in humans is substantially longer compared to rodents resulting in a longer duration to
reach a steady-state dose,19 PPAR-α is expressed in human liver tissue at approximately
10% of rodent levels, and humans and other primates are refractory or less responsive to
PPAR-α agonists compared to rodents.20 Thus, associations reported here are etiologically
plausible if a non-PPAR-α mechanistic pathway is operant in humans in addition to or
instead of a PPAR-α pathway; some studies humans and other primates have reported
lipidemic effects through non- PPAR-α-dependent mechanisms.21

The non-linear nature of the observed associations, particularly for PFOA, suggests a
possible saturation point in an underlying physiologic mechanism. Further, while serum
PFOA levels in this study population exceeded levels from a nationally representative
sample, PFOS levels were similar (as above). Regardless, the magnitude of the observed
associations between PFOS and total-C and LDL-C were at least similar and in some
instances larger to those observed for PFOA. Thus, PFOA and PFOS specifically, and
possibly perfluoroalkyl acids as a general class, appear to be associated with serum lipids,
and the association appears to exist at levels of PFOA and PFOS exposure which are in the
range characterized by nationally representative studies.

The strengths of this study include the large sample size and participation rate (and
consequent ability to examine associations in different age groups and genders), and
childhood replication of observations made in adult populations. The replication of
observations in a sample free from some factors that can confound associations in adult
samples contributes additional confidence to observations reported here. While confounding
from gender or developmental effects was controlled through stratification, the prevalent
design of the Project did not permit assessment of effects of cumulative exposure, nor
residual or persistent effects of prenatal exposure. The long-term health consequences of
elevated serum lipids in the ranges observed in this study (3–10 mg/dL) are unclear.

The cross-sectional nature of this study is an acknowledged weakness, and thus causal
inference is limited. Additional potential limitations include self-reported survey data and
limited availability of covariables known to be associated with lipids, and uncertainty of
fasting status for analysis of triglycerides.

Studying the susceptibility of children to these chemicals has been identified as a particular
data need and research priority.22 We have previously reported a U-shaped pattern in serum
concentrations of PFOA in boys and girls and PFOS in girls in this population (i.e., serum
concentrations were higher in younger age groups, decreased into early- to middle-
adulthood, and then increased again through adulthood).15 Further, the effects of either
perfluoroalkyl acids on developing physiologic systems, or the effects of sustained, long-
term exposure are unknown. The large sample size of the current study, and findings
consistent with results from adult occupational and larger community studies, support a
strong need to prioritize the study of the effects of perfluoroalkyl acids in children to assess
whether the clear associations reported here are etiologic.

CONCLUSION
In conclusion, while the epidemiologic and cross-sectional nature of the current study
inherently limit causal inference, the consistent observed associations between increasing
PFOA and PFOS and elevated total-C and LDL-C warrant further study. Should the
association prove to be etiologic, the cumulative effects of such an elevation in cholesterol
on long-term cardiovascular health are unclear given the early age in which these
associations were observed.
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Figure 1.
Changes in Covariate-Adjusted Estimated Marginal Means (GLM Analysis) Across PFOA
and PFOS Quintiles
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Figure 2.
Non-Linear Changes in Covariate-Adjusted Estimated Marginal Means (GLM Analysis)
Across PFOA 20-Group Quantiles
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Figure 3.
Non-Linear Changes in Covariate-Adjusted Estimated Marginal Means (GLM Analysis)
Across PFOS 20-Group Quantiles

Frisbee et al. Page 13

Arch Pediatr Adolesc Med. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Frisbee et al. Page 14

Table 1

Participant Characteristics

Variable Parameter / Stratification Boys Girls Total

Age (Years) Median / Mean (± Standard Deviation) 11.65 / 11.2±4.41 11.52 / 11.08±4.52 11.6 / 11.14±4.46

Age Group
1 – 11.9 Years 3287 (51.7%) 3249 (53.2%) 6536 (52.4%)

12 – 17.9 Years 3072 (48.3%) 2862 (46.8%) 5934 (47.6%)

Regular Exercise
Yes 2491 (39.1%) 2085 (34.1%) 4576 (36.7%)

No 3872 (60.9%) 4028 (65.9%) 7900 (63.3%)

BMI Percentile

Underweight (<5th) 272 (4.8%) 291 (5.4%) 563 (5.1%)

Normal(5th–84.9th) 2947 (51.7%) 3168 (58.9) 6115 (55.2%)

Overweight (85th–95th) 934 (16.4%) 911 (16.9%) 1845 (16.6%)

Obese (>95th) 1550 (27.2%) 1011 (18.8%) 2561 (23.1%)

Hours Fasting

<6 Hrs 4591 (72.2%) 4400 (72.0%) 8991 (72.1%

≥6 Hrs 1394 (21.9%) 1346 (22.0%) 2740(22.0%)

Not Reported 378 (5.9%) 367 (6.0%) 745 (6.0%)

Household Income
≤$30,000/year 2471 (49.3%) 2303 (47.6%) 4774 (48.4%)

>$30,000/year 2540 (50.7%) 2540 (52.4%) 5080 (51.6%)

Ethnicity

White 6061 (96.3%) 5853 (96.0%) 11894 (96.1%)

Black 106 (1.7%) 96 (1.6%) 202 (1.6%)

All Others 145 (2.0%) 130 (2.4%) 275 (2.3%)

Residence (State) at Time of
Enrollment

Ohio 3476 (54.6%) 3320 (54.3%) 6796 (54.5%)

West Virginia 2817 (44.3%) 2703 (44.2%) 5520 (44.2%)

Other 70 (1.1%) 90 (1.5%) 160 (1.3%)

Total Cholesterol
<170 mg/dL 3729 (68.6%) 3207 (62.8%) 6936 (65.8%)

≥170 mg/dL 1706 (31.4%) 1901 (37.2%) 3607 (34.2%)

LDL Cholesterol
<110 mg/dL 4581 (85.3%) 4158 (82.0%) 8739 (83.7%)

≥110 mg/dL 788 (14.7%) 915 (18.0%) 1703 (16.3%)

HDL Cholesterol
<40 mg/dL 1313 (24.3%) 760 (14.9%) 2073 (19.7%)

≥40 mg/dL 4348 (75.8%) 4122 (85.1%) 8470 (80.3%)

Fasting Triglycerides
<150 mg/dL 1244 (84.6%) 1201 (86.7%) 2445 (85.6%)

≥150 mg/dL 227 (15.4%) 185 (13.3%) 412 (14.4%)

PFOA (ng/mL)
1 – 11.9Years 35.1 / 82.1±129.2 30.7 / 73.1±120.1 32.6 / 77.7±124.9

12 – 17.9 Years 30.1 / 69.3±107.1 22.9 / 53.7±88.1 26.3 / 61.8±98.8

PFOS (ng/mL)
1 – 11.9Years 21.7 / 24.6±13.4 19.9 / 22.6±12.6 20.7 / 23.6±13.1

12 – 17.9 Years 20.3 / 23.2±12.9 18.2 / 20.5±11.3 19.3 / 21.9±12.2
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