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Abstract

Certain per- and polyfluoroalkyl substances (PFASs) are suspected developmental toxicants, but 

data on PFAS concentrations and exposure routes in children are limited. We measured plasma 

PFASs in children aged 6–10 years from the Boston-area Project Viva prebirth cohort, and used 

multivariable linear regression to estimate associations with sociodemographic, behavioral, and 

health-related factors, and maternal PFASs measured during pregnancy. PFAS concentrations in 

Project Viva children (sampled 2007–2010) were similar to concentrations among youth 

participants (aged 12–19 years) in the 2007–8 and 2009–10 National Health and Nutrition 

Examination Survey (NHANES); mean concentrations of most PFASs declined from 2007 to 2010 

in Project Viva and NHANES. In mutually adjusted models, predictors of higher PFAS 

concentrations included older child age, lower adiposity, carpeting or a rug in the child's bedroom, 

higher maternal education, and higher neighborhood income. Concentrations of 

perfluorooctanesulfonate (PFOS), perfluorooctanoate (PFOA), perfluorohexanesulfonate (PFHxS), 

and 2-(N-methyl-perfluorooctane sulfonamido) acetate (Me-PFOSA-AcOH) were 26-36% lower 
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in children of black mothers compared to children of white mothers and increased 12–21% per 

interquartile range increase in maternal pregnancy PFASs. Breastfeeding duration did not predict 

childhood PFAS concentrations in adjusted multivariable models. Together, the studied predictors 

explained the observed variability in PFAS concentrations to only a modest degree.

Graphical abstract

Per- and polyfluoroalkyl substances (PFASs) are a class of synthetic compounds employed 

since the 1950s in a range of industrial and consumer products, including stain-resistant 

fabric and carpet treatments and oil-resistant coatings for food packaging.1–3 Certain PFASs 

are persistent in the environment, accumulate in the human body, and have been widely 

detected in human biosamples.2,4,5 Though evidence on the developmental health effects of 

PFASs is mixed, early life exposure to PFASs has been linked in some studies to 

neurobehavioral problems,6–9 immune suppression,10,11 and increased adiposity12–14 in 

children.

Exposure to PFASs for the general population can occur through use of PFAS-containing 

products and contact with PFASs in household dust and air.2,15–17 The use of PFASs in food 

packaging as well as their presence in some foods suggests dietary exposures may also be 

important.2,4,15,16 Young children, who have increased hand-to-mouth activity and exposure 

to dust on household surfaces and greater food consumption relative to body weight, may 

have higher uptake of PFAS than adults.15 Breastfeeding may also be an important exposure 

pathway for infants and toddlers.18–20

Evidence on factors influencing PFAS concentrations in children is limited. PFASs are 

known to cross the placenta,21 and concentrations of PFASs in maternal peripheral blood 

correlate highly with infant cord blood concentrations,22–24 suggesting that placental 

transfer could represent an exposure route for children. Prior studies have also reported 

higher concentrations of PFASs among children with longer duration of 

breastfeeding.18,25,26 In studies that examined PFAS concentrations in mothers and children 

aged 2–826 and 6–1127 years, mother and child levels measured at the same time point were 

moderately to highly correlated, with concentrations higher among children.

Though some studies have reported higher PFAS concentrations in boys28,29 and older 

children,18,28,30 others have not observed consistent patterns by sex18,30 or age.25,26 A small 
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study investigating potential predictors of serum PFASs in young children (age 2–8 years, n 
= 68) in California identified residential dust PFAS levels and frequency of wearing 

waterproof clothes as significant predictors; dietary predictors varied across measured PFAS 

analytes, but included consumption of canned and fresh fish, French fries, hot dogs, chips, 

and microwave popcorn.26

Further research is needed to characterize factors affecting PFAS concentrations in children, 

who appear to have higher PFAS body burdens than adults and may also be particularly 

sensitive to potential developmental toxicity. In a large prospective cohort of mothers and 

children followed from pregnancy onward, we measured plasma concentrations of PFASs in 

children (aged 6–10 years), and examined associations with potential predictors including 

demographic characteristics, behavioral, and health-related factors, and maternal PFAS 

concentrations measured in pregnancy.

Materials and Methods

Study Population

Participants were drawn from Project Viva, a prospective prebirth cohort that enrolled 

pregnant mothers from 1999 to 2002 at their first prenatal visits at Atrius Harvard Vanguard 

Medical Associates, a multispecialty group practice in urban and suburban Eastern 

Massachusetts.31 Of 2128 enrolled mothers with live single births, 1668 contributed blood 

samples during early pregnancy (median 9.7 weeks gestation, range 4.8–21.4) in 1999–2000. 

At visits in midchildhood (median age 7.7 years, range 6.6–10.6) in 2007–2010, a subset of 

children (n = 702) contributed blood samples. The Human Subjects Committees of 

participating institutions approved all study protocols. All mothers provided written 

informed consent, and children provided verbal assent at the midchildhood visit. The 

involvement of the Centers for Disease Control and Prevention (CDC) laboratory did not 

constitute engagement in human subjects research. All study forms are available at https://

www.hms.harvard.edu/viva/.

Maternal and Child PFAS Measurements

Maternal and child plasma samples were stored in cryovial (non-PFAS containing) tubes in 

liquid nitrogen freezers. Samples were subsequently thawed, aliquoted, shipped to the 

Division of Laboratory Sciences at the Centers for Disease Control and Prevention (CDC) 

and analyzed for concentrations of 8 PFAS analytes: perfluorooctanesulfonate (PFOS), 

perfluorooctanoate (PFOA), perfluorohexanesulfonate (PFHxS), perfluorononanoate 

(PFNA), 2-(N-ethyl-perfluorooctane sulfonamido) acetate (Et-PFOSA-AcOH; also known 

as EtFOSAA), 2-(N-methyl-perfluorooctane sulfonamido) acetate (Me-PFOSA-AcOH; also 

known as MeFOSAA), perfluorodecanoate (PFDeA; also known as PFDA), and 

perfluorooctane sulfonamide (PFOSA; also known as FOSA). Analyses of maternal plasma 

were conducted in 2014 and have been previously described. Child plasma samples were 

analyzed in 2015 using online solid-phase extraction coupled with isotope dilution high-

performance liquid chromatography-tandem mass spectrometry. Low-concentration quality 

control materials (QCs) and high-concentration QCs, prepared from a calf serum pool, were 

analyzed with the study samples, analytical standards, and with reagent and serum blanks to 
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ensure the accuracy and reliability of the data. Analytical methods for the maternal and child 

samples were the same as those used to analyze PFAS concentrations in NHANES samples 

for the 2011–2012 and 2013–2014 NHANES cycles, respectively. 4, Child plasma samples 

were also analyzed for concentrations of linear and branched isomers of PFOA [n-

perfluorooctanoate (n-PFOA), branched perfluorooctanoates (Sb-PFOA) ], and PFOS [n-

perfluorooctanesulfonate (n-PFOS), perfluoromethylheptanesulfonates (Sm-PFOS), 

perfluorodimethylhexanesulfonates (Sm2-PFOS) ]. A total of 653 child plasma samples had 

sufficient volume for PFAS quantification and limits of detection (LOD) were 0.1 ng/mL; 

values below the LOD were estimated as LOD/√2 (0.0707 ng/mL).

Predictor Data

Project Viva study staff collected data on participant demographics and health-related 

behaviors via study questionnaires and interviews. We included data on socio-demographic 

characteristics, health history, and behavioral factors that we hypothesized might serve as 

potential predictors of PFAS plasma concentrations in childhood.

At the midchildhood visit, mothers were asked about child participants' fast food 

consumption and the presence of carpeting or rugs in the rooms where the child “usually 

sleeps” and “spends most awake time”. Mothers also reported on children's outdoor 

activities in summer and winter (“In the past year, how much do your child's activities 

(playing outdoors, playing sports, spectator sports, etc.) take him/her outside?”) with 

possible responses “1. not that often,” “2. a moderate amount,” “3. quite a lot,” and “4. 

virtually all the time.” Based on response frequency, we categorized outdoor activity time as 

low (1 or 2 for summer/1 for winter), medium (3 for summer/2 for winter) or high (4 for 

summer/3 or 4 for winter).

Project Viva staff measured children's height and weight at the midchildhood visit. We 

calculated body mass index (BMI) as weight in kilograms/(height in meters)2 and calculated 

BMI percentiles for age and sex using 2000 CDC reference data. Per CDC guidelines, we 

categorized BMI as underweight/normal weight (<85%), overweight (85-<95%), or obese 

(>95%). Median household income for the census tract of residence at the time of the 

midchildhood visit was determined using geocoded home addresses and data from the 2000 

U.S. Census.

Statistical Analysis

We assessed PFOS and PFOA as total concentrations (sum of linear and branched isomers), 

and also examined predictors of n-PFOS and Sm-PFOS (Sm2-PFOS was excluded due to 

low detection frequency; n-PFOA and Sb-PFOA were not analyzed separately because Sb-

PFOA represented only a small share (4% on average) of total PFOA). We calculated 

descriptive statistics and evaluated correlations among PFASs by calculating Spearman rank 

correlation coefficients. We also assessed collinearity among model covariates by calculating 

variance inflation factors.

We ran bivariable linear regression models examining the independent influence of potential 

predictors on natural-log transformed concentrations of total PFOS, n-PFOS, Sm-PFOS, 

total PFOA, PFHxS, PFNA, PFDeA, and Me-PFOSA-AcOH. We also ran bivariable models 
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examining the associations of child concentrations of each PFAS analyte with maternal 

pregnancy concentrations of the same PFAS analyte.

We fitted multivariable linear regression models to examine associations of predictors with 

log-transformed child PFAS concentrations, adjusted for all other predictors. Because we 

hypothesized that maternal PFAS concentrations might lie on the causal pathway between 

some prenatal predictors (such as maternal education level) and childhood PFAS 

concentrations, primary multivariable models excluded maternal PFAS concentrations in 

pregnancy. In secondary analyses, we fitted multivariable linear regression models for each 

childhood PFAS analyte with additional adjustment for maternal pregnancy concentrations 

for the corresponding PFAS analyte. Given the low frequency of detection for PFDeA in 

maternal plasma (45%), we did not run models including maternal PFAS for PFDeA; 

isomers of PFOA and PFOS were not measured in maternal plasma, so we did not examine 

associations with childhood PFAS isomers. To maximize sample size and improve model 

precision, all multivariable models excluded child race and paternal education; these 

variables were closely related to maternal race and maternal education, respectively, but 

maternal race and maternal education had lower percentages of missing data. For all linear 

regression results, we estimated percent difference in PFAS concentrations associated with 

each predictor by exponentiating regression coefficients, subtracting 1, and multiplying by 

100%. We performed analyses in SAS Version 9.4 (SAS Institute Inc., Cary, NC).

Results

PFAS Concentrations

PFAS concentrations had skewed distributions, so we present geometric means (Table 1). 

We detected PFOS, PFOA, PFHxS, and PFNA in >99% of samples. PFDeA and Me-

PFOSA-AcOH were detectable in most samples (88.2% and 65.9%, respectively), whereas 

only a small percentage of samples had detectable levels of Et-PFOSA-AcOH (5.2%) and 

PFOSA (0.9%). Given low detection frequencies, Et-PFOSA-AcOH and PFOSA measures 

were excluded from further analyses. Correlations among measured PFASs varied 

(Spearman correlation coefficients 0.14-0.78), with PFOS and PFOA most highly correlated 

(Table 2).

Sociodemographic, Behavioral, and Health-Related Predictors

Studied potential predictors and participant characteristics are outlined in Table 3. 

Supporting Information (SI) Table S1 presents unadjusted associations of potential 

predictors with child PFAS concentrations. Unadjusted associations of predictors with linear 

and branched PFOS isomers (n-PFOS and sm-PFOS) were very similar to those for total 

PFOS (SI Table S2). In multivariable models mutually adjusted for all sociodemographic, 

behavioral, and health-related predictors (Table 4), concentrations of PFOA, PFOS, and 

PFHxS were lower in later sampling years, while PFNA concentrations were lowest in 2007 

(the first year of sampling). PFOA and PFDeA concentrations were lower among children 

with higher BMI. Children who were older at blood draw had higher concentrations of 

PFOS and PFHxS. Older maternal age was associated with higher Me-PFOSA-AcOH 

concentrations, but not with other PFASs. PFOA, PFOS, PFHxS, and MeFOSAA 
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concentrations were lower among children of black mothers. PFOS and PFHxS 

concentrations were higher among mothers with higher educational attainment. Living in a 

higher income census tract was associated with higher PFOS, PFDeA, and Me-PFOSA-

AcOH, but concentrations of PFHxS were lower among those with higher family income 

(family income was not strongly associated with concentrations of other PFASs).

Sleeping in a room with carpet or a rug was associated with higher levels of PFOS, PFHxS, 

and Me-PFOSA-AcOH, but spending awake time in a room with carpet or a rug was not 

predictive of higher PFASs; PFDeA concentrations were actually lower among these 

children. Longer breastfeeding duration predicted somewhat lower concentrations of PFNA 

and PFDeA, but higher concentrations of sm-PFOS (see below). PFOA, PFNA, and Me-

PFOSA-AcOH concentrations were somewhat elevated among those with high intake of fast 

food (≥2 times weekly), but measures of association were imprecise due to the small number 

of participants in this group (7%).

Maternal marital/cohabitation status, parity, and child sex did not predict PFAS 

concentrations. Adjusted associations of predictors with linear and branched PFOS isomers 

(n-PFOS and sm-PFOS) were generally similar to those for total PFOS, though 

breastfeeding ≥6 months versus <3 months was associated with an increase in sm-PFOS 

concentrations of 14.7% (95% confidence interval (CI): 2.0, 28.9) (see SI Table S2), while 

only a suggestive increase was observed for total PFOS (8.4%; 95% CI: −4.3, 22.7).

Multivariable model R2 values are presented in Table 4. Together, sociodemographic, 

behavioral and health-related predictors explained between 5% (PFNA) and 25% (PFOA) of 

variance in childhood PFAS concentrations. Variance inflation factors were <2.5 for all 

covariates included in multivariable models, suggesting that collinearity among covariates 

did not substantially reduce precision of effect estimates.39

Maternal PFAS Concentrations in Pregnancy As Predictors of Childhood PFASs

In the subset of the cohort for whom measures of PFAS concentrations in maternal plasma 

from pregnancy were available (n = 440) (SI Table S3), maternal PFAS concentrations in 

pregnancy were positively associated with concentrations of the corresponding PFAS in 

children for all studied PFASs except PFNA (Table 5). In multivariable models, interquartile 

range (IQR) increases in maternal pregnancy PFASs were associated with increases in 

childhood PFASs ranging from 12.0% (95% CI: 3.9–20.6) for PFOS to 21.2% (95% CI: 9.9–

33.7) for Me-PFOSA-AcOH. Associations of other studied predictors with PFASs did not 

differ meaningfully between primary multivariable models and those including maternal 

PFAS concentrations.

R2 values for multivariable models including maternal PFAS concentrations in pregnancy 

are presented in Table 5. When compared to R2 values for multivariable models excluding 

maternal pregnancy PFAS concentrations but restricted to the 440 participants with available 

maternal PFAS measures (noted in Table 5), R2 values for the models including maternal 

pregnancy PFASs showed the greatest increase for PFHxS (from 0.18 to 0.27). For other 

PFASs, R2 increases due to inclusion of maternal pregnancy PFAS concentrations were more 

modest.
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Discussion

In our study of children (aged 6–10 years) sampled in 2007–2010, sampling year was a 

strong predictor of PFAS levels, with mean concentrations of PFOA, PFOS, PFHxS, and 

MeFOSAA declining over our study period. Maternal levels of PFOA, PFOS, PFHxS, and 

MeFOSAA from pregnancy were associated with children's PFAS concentrations, though 

longer duration of breastfeeding did not predict higher childhood PFAS concentrations in 

multivariable models adjusted for potential confounders. Concentrations of certain PFASs 

were also higher among older child participants and those with lower BMI, carpeting or a 

rug in their bedrooms, higher maternal education level, and higher median income in the 

census tract of residence; maternal race/ethnicity was also related to child PFAS levels 

(concentrations were generally lowest in children of black mothers). High consumption of 

fast food (≥twice weekly) also predicted somewhat higher concentrations of PFOA, PFNA, 

and Me-PFOSA-AcOH, though these estimates were imprecise.

PFAS concentrations in Project Viva children aged 6–10 years (sampled from 2007 to 2010) 

were similar to concentrations observed in adolescent participants (aged 12–19 years) in the 

2007–8 and 2009–10 cycles of the National Health and Nutrition Examination Survey 

(NHANES)40 (Figure 1; SI Table S4); PFASs were not assessed in younger NHANES 

participants. PFOS concentrations were somewhat lower in our cohort compared to 

corresponding NHANES sampling years among adolescents, whereas PFOA and PFNA 

concentrations were somewhat higher. The declines in mean PFOA, PFOS, PFHxS, and Me-

PFOSA-AcOH concentrations that we observed over our 2007–2010 sampling period are 

generally consistent with temporal trends observed in NHANES and other populations.5,16 

These declines likely relate to changes in PFAS production; the major U.S. manufacturer of 

PFOS completed a voluntary phase-out from 2000 to 2002 of PFOS and precursor chemicals 

that break down to PFOS, and U.S. manufacturers agreed to greatly reduce production of 

PFOA and precursors by 2010 and end production by 2015.1,5,16 The observed differences in 

PFAS concentrations over time highlight the importance of adjusting for sampling year to 

reduce potential confounding by temporal trends in studies of PFAS predictors or 

associations of PFASs with health outcomes.

In multivariable models adjusted for year of sampling and all studied sociodemographic, 

behavioral, and health-related predictors (Table 4), older age at blood draw was associated 

with higher PFHxS concentrations and suggestive increases in PFOS concentrations, but 

clear associations with age were not apparent for other PFASs. A study of 5–13 year olds in 

South Korea similarly observed higher concentrations of PFHxS and PFOS in older 

children,18 and other studies with sampling periods in the late 2000s have also reported 

trends of PFAS concentrations increasing with age in children.28,30 Among the studied 

PFASs, PFHxS has the longest estimated half-life in human serum (median 7.1 years, versus 

median 4.6 years for PFOS and median 3.4 years for PFOA);3 the higher concentrations of 

PFHxS and PFOS that we observed in older children may relate to those compounds' slower 

elimination rates and greater potential for bioaccumulation.

We observed lower concentrations of PFOA and PFDeA among obese children and trends 

also suggested somewhat lower concentrations of PFOS and PFHxS among overweight and 
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obese children compared to normal/underweight children. Prior studies in South Korea18 

and the United States25 also reported lower PFAS concentrations in children with higher 

BMI. Conversely, among mothers in our cohort, PFAS concentrations in pregnancy were 

higher in women with higher prepregnancy BMI.32 It should be noted that the cross-

sectional associations we observed between midchildhood PFAS concentrations and BMI do 

not provide insight into potential causal relationships between early life PFAS exposure and 

later adiposity.

We observed evidence of higher PFAS concentrations among children of more highly 

educated mothers (PFOS and PFHxS) and those living in wealthier census tracts (PFOS and 

PFDeA), though family income was not consistently associated with PFAS levels (PFHxS 

concentrations were lower among those with higher family income). Higher PFAS 

concentrations have been observed among more socioeconomically advantaged participants 

in NHANES, which prior investigators have hypothesized may relate to patterns of use of 

PFAS-containing products and differences in dietary exposures to PFASs.4,45 In Project 

Viva, children of black and other race/ethnicity mothers also tended to have lower PFAS 

concentrations than children of white mothers. PFAS concentrations in NHANES were 

lowest among Mexican Americans, and PFOA concentrations were also lower among black 

participants compared to white participants; these associations were robust to adjustment for 

family income.45 Among a cohort of California girls (age 6–8 years), PFOA concentrations 

were lower among black, Asian, and Hispanic participants, but patterns by race were less 

consistent for other PFASs.25

Concentrations of PFOS, PFHxS, and Me-PFOSA-AcOH were somewhat higher among 

children who slept in a room with carpeting or a rug. Some PFASs were employed in carpet 

and upholstery stain protectants, and a case report documented high concentrations of 

PFHxS (range 27.5–423 ng/mL) and PFOS (range 15.2–108 ng/mL) in a Canadian family 

who frequently treated the carpets in their home, with the highest concentrations observed in 

the family's young children.41 In Project Viva, we also observed trends suggesting that 

PFOA, PFNA and MeFOSAA concentrations were higher among children with frequent 

consumption of fast food (≥twice weekly), although the small number of children in this 

highest consumption category limited the precision of effect estimates. Our finding is 

broadly consistent with research suggesting that consumption of food with oil-resistant 

packaging was associated with PFAS concentrations in adults42–44 and a study in which 

PFAS concentrations were higher among California children with greater consumption of 

hot dogs, French fries, chips, and microwave popcorn.26

In multivariable models, PFOS concentrations were higher among Viva children spending 

less time outdoors in winter; it is possible that time spent indoors could increase exposure to 

indoor sources of PFASs (such as fabric and carpet treatments). Conversely, spending less 

time outdoors during summer was associated with lower PFOA and PFDeA concentrations; 

the reason for this observed association is unclear. We are not aware of prior studies 

examining time spent indoors as a predictor of PFASs in children; further research could 

help elucidate the relationship of time spent outdoors versus indoors with PFAS exposure.
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Maternal PFAS concentrations from pregnancy were associated with concentrations of the 

same PFASs measured in children. The magnitudes of these effect estimates were similar in 

bivariable and multivariable models, suggesting that the associations were not explained by 

other studied predictors with the potential to influence both child and maternal pregnancy 

PFAS concentrations (for example, maternal education), though shared dietary predictors or 

other shared exposures not accounted for in our multivariable models could be influential (if 

there was stability in shared exposures over the period between the pregnancy and childhood 

measures). The most substantial improvement in the multivariable model predictive power 

(R2) with the addition of maternal PFAS concentrations occurred in the model for PFHxS, 

which may relate to the relatively long half-life of PFHxS versus other studied PFASs. 

While prior studies have reported associations of maternal and child PFASs measured at the 

same time point,26,27 we are aware of no prior studies that have examined the relation of 

maternal PFAS concentrations from early pregnancy with later measures in children.

Although we observed associations of longer breastfeeding duration with higher PFASs in 

unadjusted bivariable models (SI Table S1), these associations generally were not observed 

in multivariable models, suggesting confounding by other studied variables. Branched 

isomers of PFOS (sm-PFOS) were positively associated with breastfeeding duration in 

multi-variable models, but total PFOS was only suggestively elevated among those with 

longer breastfeeding duration. While longer breastfeeding duration has been observed to 

increase PFAS concentrations in infants and young children,19,20 PFASs transferred through 

breastmilk may not persist in children's blood long enough to be detectable in older children. 

One prior study of PFAS predictors in South Korean children aged 5–13 years reported 

associations of higher PFASs with greater breastfeeding duration, but these analyses were 

not adjusted for other sociodemographic factors that may influence breastfeeding duration 

and PFAS concentrations.18

We observed no differences in PFAS concentrations by child sex in our population. In adult 

populations, PFAS concentrations are generally lower in females, but sex differences likely 

relate to PFAS excretion during pregnancy, breastfeeding,24 and menstruation,46 which are 

not relevant to prepubescent populations. Our results are consistent with those of other 

studies in young children where no sex differences in PFAS concentrations were 

observed,18,30 although higher PFASs among male children were observed in one study of 

older children (12–15 years)28 and another of children aged 2–12 years.29

The R2 values for our multivariable models were low, suggesting that factors beyond those 

included in our study may explain a substantial proportion of variation in PFAS 

concentrations among children; measurement error of our studied variables may also have 

limited the predictive power of our models. We lacked measures of PFAS concentrations in 

household dust and air, as well as other factors observed to predict PFAS concentrations in 

prior studies (such as frequency of wearing waterproof clothes). While Project Viva 

collected detailed longitudinal information on children's diet, due to the complexity of these 

data we plan to analyze dietary predictors separately.

In a population of children sampled in the late 2000s with plasma PFAS concentrations 

similar to those observed in youth participants of contemporaneous NHANES cycles, we 
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observed variability in PFAS concentrations related to year of sampling, child age, child 

BMI, family sociodemographic factors, and maternal PFASs from pregnancy. 

Concentrations of certain PFASs were also higher among children with carpeting or a rug in 

their bedrooms and suggestively elevated in those frequently consuming fast food, 

suggesting that household furnishings and diet may represent potentially modifiable risk 

factors for PFAS exposure. Overall, however, the studied predictors explained the observed 

variability in PFAS concentrations to only a modest degree.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
PFAS concentration geometric means by year of collection for Project Viva midchildhood 

(age 6–10 years) samples, and PFAS concentration geometric means for NHANES 

participants aged 12–19 years in 2007–2008 and 2009–2010 cycles.
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Table 3
Characteristics of Study Participants (n = 653)

mean ± SD or N (%)

Child Characteristics

Child's Age at Blood Draw (years) 7.9 ± 0.8

Year of Blood Draw

 2007 68 (10)

 2008 223 (34)

 2009 207 (32)

 2010 155 (24)

Sex

 male 354 (53)

 female 308 (47)

Race/Ethnicity

 white 366 (56)

 black 115 (18)

 other 111 (17)

 missing 61 (9)

Breastfeeding Duration

 <3 months 207 (32)

 3-<6 months 66 (10)

 ≥6 months 325 (50)

 missing 55 (8)

BMI in Midchildhood (Percentile)

 underweight/normal (<85th) 464 (72)

 overweight (85-<95th) 85 (13)

 obese (≥95th) 96 (15)

 missing 8 (1)

 fast food consumption

 <1 per month 120 (18)

 1–3 times per month 278 (43)

 once per week 175 (27)

 ≥2 times per week 46 (7)

 missing 36 (6)

Time Spent Outdoors (In Summer)

 low 110 (17)

 medium 303 (46)

 high 204 (31)

 missing 36 (6)

Time Spent Outdoors (In Winter)

 low 194 (30)

 medium 338 (52)
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mean ± SD or N (%)

 high 84 (13)

 missing 37 (6)

Parental Characteristics

Maternal Age at Enrollment 31.8 ± 5.6

Maternal Race/Ethnicity

 white 404 (62)

 black 135 (21)

 other 110 (17)

 missing 4 (1)

Maternal Education

 <college 229 (35)

 college 235 (36)

 >college 185 (28)

 missing 4 (1)

Paternal Education

 <college 202 (31)

 college 203 (31)

 >college 170 (26)

 missing 78 (12)

Mother Married or Cohabitating

 no 71 (11)

 yes 577 (88)

 missing 5 (1)

Maternal Parity

 0 276 (42)

 ≥1 377 (58)

Household Characteristics

Annual Household Income

 ≤$40K 90 (14)

 $>40—≤70K 96 (15)

 $>70—≤150K 274 (42)

 >$150K 148 (23)

 missing 45 (7)

Carpeting or a Rug in Room Where Child Sleeps

 no 204 (31)

 yes 412 (63)

 missing 37 (6)

Carpeting or a Rug in Room Where Child Spends Most Awake Time

 no 197 (30)

 yes 415 (64)

 missing 41 (6)

Neighborhood Characteristics
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mean ± SD or N (%)

Census Tract Median Household Income $63,204 ± 23,695
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