1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Int J Hyg Environ Health. Author manuscript; available in PMC 2020 August 01.

-, HHS Public Access
«

Published in final edited form as:
Int J Hyg Environ Health. 2019 August ; 222(7): 1001-1010. doi:10.1016/j.ijheh.2019.06.008.

Predictors of plasma polychlorinated biphenyl concentrations
among reproductive-aged Black women

Amelia K. Wesselink?, Traci N. BetheaP, Michael McClean¢, Jennifer Weuve?, Paige L.
Williams9, Russ Hauser®, Andreas Sjodinf, Theodore M. Brasky9, Donna D. Baird", Lauren
A. Wise?

aDepartment of Epidemiology, Boston University School of Public Health, Boston, Massachusetts,
USA

bDepartment of Medicine, Boston University School of Medicine, Boston, Massachusetts, USA

¢Department of Environmental Health, Boston University School of Public Health, Boston,
Massachusetts, USA

dDepartments of Biostatistics and Epidemiology, Harvard T. H. Chan School of Public Health,
Boston, Massachusetts, USA

eDepartment of Environmental Health, Harvard T. H. Chan School of Public Health, Boston,
Massachusetts, USA

fDivision of Laboratory Sciences, Centers for Disease Control and Prevention, Atlanta, Georgia,
USA

9Department of Epidemiology, College of Public Health, The Ohio State University, Columbus,
Ohio, USA

hEpidemiology Branch, National Institute of Environmental Health Sciences, Research Triangle
Park, North Carolina, USA

Abstract

Polychlorinated biphenyls (PCBs) are a class of lipophilic endocrine-disrupting chemicals with
wide industrial use in the U.S. from the 1930s through 1977. Due to their environmental and
biological persistence, low levels of PCBs remain detected in wildlife and humans. Although U.S.
studies have shown higher serum PCB concentrations among Black women compared with White
women, studies of correlates of PCB exposure among Black women are scarce. We examined
predictors of plasma PCB concentrations in a cross-sectional analysis of baseline data from a
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prospective cohort study of 1,693 premenopausal Black women aged 23-35 years from Detroit,
Michigan (2010-2012). We collected demographic, behavioral, dietary, and medical data via self-
administered questionnaires, telephone interviews, and in-person clinic visits, as well as non-
fasting blood samples. We measured concentrations of 24 PCB congeners in baseline plasma from
a subset of 762 participants. We used linear regression for log-transformed lipid-adjusted PCB
concentrations to calculate percentage differences across levels of selected predictors. We did this
separately for individual PCBs, sum of total PCBs, and sum of PCBs by degree of chlorination and
hormonal activity. PCB concentrations were positively associated with age, duration of urban
residence, cigarette smoking, heavy alcohol intake, and being breastfed in infancy, and inversely
associated with body mass index (BMI) and lactation duration. The strength of some associations
varied by degree of chlorination. For example, a 5-kg/m? higher BMI corresponded to a 2.9%
lower summed concentration of tri- and tetra-substituted PCBs (95% CI -4.6%, —1.2%), an 8.3%
lower summed concentration of penta- and hexa-substituted PCBs (95% CI —10.0%, —6.5%), and
a 12.1% lower summed concentration of hepta-, octa-, nona-, and deca-substituted PCBs (95% ClI
-13.7%, —10.4%). Likewise, associations for age and being breastfed in infancy were stronger for
higher-chlorinated PCBs. Results agree with studies on predictors of PCB body burdens, few of
which include large numbers of Black women.

Keywords
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INTRODUCTION

Polychlorinated biphenyls (PCBs) are a class of lipophilic endocrine-disrupting chemicals
with wide industrial production and usage in the United States from the 1930s through 1977.
They were banned out of concern for environmental contamination and human health. The
ban on the manufacture of PCBs resulted in a secular decline in human exposure (LaKind et
al., 2009), yet low-level exposure is ongoing, as PCBs have long half-lives (approximately
10-15 years), resist degradation in the environment, and bioaccumulate up the food chain
(Agency for Toxic Substances and Disease Registry, 2000).

Several studies have documented large racial and ethnic disparities in PCB exposure, with
non-Hispanic Blacks experiencing higher exposures than non-Hispanic Whites (James et al.,
2002; Krieger et al., 1994; Lordo et al., 1996; Patterson et al., 2009; Wang et al., 2009;
Weintraub and Birnbaum, 2008; Xue et al., 2014). This disparity could reflect differences in
diet across racial groups, including intake of certain types of fish (Weintraub and Birnbaum,
2008). It may also stem from a greater concentration of PCB production and disposal sites in
communities of color (Taylor, 2014). For example, in Anniston, Alabama, a former PCB
manufacturing city, Black residents lived closer to the manufacturing plant and had three
times the PCB exposure levels as White residents (Aminov et al., 2014). These patterns of
PCB exposure may partially explain racial disparities in health conditions that have been
associated with chronic PCB exposure, including diabetes (Ruiz et al., 2018), metabolic
syndrome (Gasull et al., 2018), and cancer (International Agency for Research on Cancer,
2016).
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Despite evidence of PCB exposure disparities and possible linkage with adverse health
outcomes, Black women are underrepresented in studies examining predictors of PCB
concentrations in body tissues. This is problematic because the prevalence of predictors and
metabolism of toxicants may vary across racial and ethnic groups (Anderson, 2005; Fukami
et al., 2005; Moolchan et al., 2006; Muszkat, 2007; Solus et al., 2004). The few studies that
have enrolled large numbers of Black women have comprised women who are pregnant
(Borrell et al., 2004; Herbstman et al., 2007; McGraw and Waller, 2009; Wolff et al., 2005)
or who reside in specific geographic regions with PCB contamination (Pavuk et al., 2014).

The three most consistent predictors of higher PCB concentrations among females across
racial/ethnic groups are older age (Artacho-Cordon et al., 2015; Bachelet et al., 2011,
Brauner et al., 2011; Caspersen et al., 2016; Fernandez-Rodriguez et al., 2015; Foster et al.,
2012; Gallo et al., 2011; Glynn et al., 2007; Hardell et al., 2010; Herbstman et al., 2007;
Humblet et al., 2010; Ibarluzea et al., 2011; Kiviranta et al., 2005; Lewin et al., 2017;
McGraw and Waller, 2009; Pavuk et al., 2014; Rylander et al., 2012; Sandanger et al., 2007,
Wolff et al., 2005), lower body mass index (BMI) (Bachelet et al., 2011; Brauner et al.,
2011; Caspersen et al., 2016; Fernandez-Rodriguez et al., 2015; Foster et al., 2012; Gallo et
al., 2011; Glynn et al., 2007; Hardell et al., 2010; Herbstman et al., 2007; Humblet et al.,
2010; Lewin et al., 2017; Pavuk et al., 2014; Sandanger et al., 2007; Wolff et al., 2005), and
nulliparity (Caspersen et al., 2016; Fernandez-Rodriguez et al., 2015; Hardell et al., 2010;
Herbstman et al., 2007; Ibarluzea et al., 2011; Lewin et al., 2017; Pavuk et al., 2014). These
associations persist after adjustment for other predictors.

The literature on cigarette smoking and PCB exposure is inconsistent: some (Bachelet et al.,
2011; Fernandez-Rodriguez et al., 2015; Gallo et al., 2011; Ibarluzea et al., 2011; Lewin et
al., 2017; Rylander et al., 2012; Wolff et al., 2005), but not all (Glynn et al., 2007;
Herbstman et al., 2007; Humblet et al., 2010; Pavuk et al., 2014; Sandanger et al., 2007)
studies have found lower PCB concentrations among current cigarette smokers. Women who
breastfed their children for longer durations tend to have lower concentrations of PCBs
(Bachelet et al., 2011; Brauner et al., 2011; Hardell et al., 2010; Humblet et al., 2010;
Ibarluzea et al., 2011; Kiviranta et al., 2005; Pavuk et al., 2014; Rylander et al., 2012),
whereas women who were breastfed as infants may have higher PCB concentrations
(Caspersen et al., 2016; Fernandez-Rodriguez et al., 2015; Gallo et al., 2011; Glynn et al.,
2007). Urban residence (Fernandez-Rodriguez et al., 2015; Pavuk et al., 2014) and high
intakes of fish (Bachelet et al., 2011; Brauner et al., 2011; Fernandez-Rodriguez et al., 2015;
Gallo et al., 2011; Glynn et al., 2007; Humblet et al., 2010; Ibarluzea et al., 2011; Kiviranta
et al., 2005; McGraw and Waller, 2009; Pavuk et al., 2014; Rylander et al., 2012; Wolff et
al., 2005) and other locally-grown/raised foods (Fernandez-Rodriguez et al., 2015; Pavuk et
al., 2014) may be associated with higher PCB concentrations. Lastly, PCB exposure can
result from occupational sources (e.g., work with old electrical equipment or building
materials that contain PCBs or work involving clean-up of contaminated sites) (Pavuk et al.,
2014).

Most studies have assessed predictors of total PCBs and/or individual PCB congeners,
particularly the congeners most commonly detected in humans. There has been limited study
of predictors of PCB groupings defined by structure or hormonal activity (Gallo et al., 2011,
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Humblet et al., 2010; McGraw and Waller, 2009). Because individual PCB congeners have
varying degrees of persistence (Agency for Toxic Substances and Disease Registry, 2000), it
is plausible that important predictors of PCB concentrations may vary across congeners.

We examined selected demographic, behavioral, reproductive, dietary and occupational
predictors of plasma PCB concentrations in a cohort of reproductive-aged Black women. We
examined PCBs individually, and grouped by structure and hormonal activity.

MATERIALS AND METHODS
Study design

The Study of Environment, Lifestyle, and Fibroids (SELF) is a prospective cohort of Black
women age 23-35 years from the Detroit metropolitan area (Baird et al., 2015). Eligible
women had an intact uterus and no prior diagnosis of uterine leiomyomata or medically-
treated autoimmune disease or cancer. From 2010-2012, 1,693 women participated in the
study, which involved completion of computer-assisted telephone- and web-based
questionnaires, self-administered hard copy questionnaires, and in-person clinic visits. Using
a case-cohort study design, we selected a random sample of participants at baseline (n=659)
and all incident cases of uterine leiomyomata through 60 months of follow-up (n=296,
including 103 incident cases that were not part of the random subcohort), for a total of 762
women for the present analysis. Institutional Review Boards at the Henry Ford Health
System, the National Institute of Environmental Health Sciences, and Boston University
Medical Center approved the study and all participants provided written informed consent.

Measurement of polychlorinated biphenyls

At baseline, participants provided non-fasting blood samples, from which plasma was
isolated and shipped to the National Institute of Environmental Health Sciences repository
and stored at —80 degrees Celsius. We shipped samples on dry ice in three batches to the
Centers for Disease Control and Prevention (CDC), where they were analyzed for plasma
concentrations of 24 persistent PCBs using high-resolution gas chromatography/isotope-
dilution high-resolution mass spectrometry (Sjodin et al., 2004). The involvement of the
CDC laboratory did not constitute engagement in human subjects’ research. The samples
were analyzed in batches of twenty-four unknowns, three method blanks, and three quality
control samples. The samples were extracted using liquid/liquid extraction with hexane/
methyl fert-butyl ether after denaturation with hydrochloric acid and methanol. Coextracted
plasma lipids were removed using a two layered silica/silica:sulfuric acid cartridge. The
limit of detection (LOD) was defined as the higher of three times the standard deviation of
method blanks measured in parallel with unknowns or the lowest calibration point having a
signal to noise ratio greater than 10:1 (Centers for Disease Control and Prevention, 2016).
Quality control criteria considered necessary for valid measurement of analytes were:
isotopic ratio of native and 13C-labeled internal standard within 20% of theoretical value,
relative retention time within 0.004 of the calibration standard, and recovery between 25%
and 150%. In addition, for a batch of samples to be considered valid and reportable, the
quality control samples (n=3 per batch) must pass the quality control criteria outlined by
Caudill et al. (Caudill et al., 2008). The variability of quality control samples was <10%
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overall. We measured total lipids in plasma using an enzymatic summation method (Bernert
et al., 2007); all PCB concentrations were reported on a lipid-adjusted basis.

Measurement of demographic, behavioral, and other factors

We collected information on age, current marital status, highest education level, current
household income, smoking history, alcohol intake in the past year, pregnancy history,
residential history, birth order, and occupational history on the baseline questionnaire. We
identified occupations with potential PCB exposure, either through exposure to old building
materials or through exposure to old x-ray machines (Agency for Toxic Substances and
Disease Registry, 2000). We ascertained whether participants were breastfed in infancy and
for how long on an early-life questionnaire (for which 85% of participants had help from
their mothers). Dietary data, including frequency of fish, meat, poultry, egg, and dairy
intakes over the past year, were collected on a self-administered semi-quantitative food
frequency questionnaire (Block et al., 1986). During the in-person clinic visit, we measured
height and weight, with which we calculated BMI as weight (kilograms) divided by height
(meters) squared.

Statistical analysis

All statistical analyses were performed using SAS version 9.4. We used Spearman
correlation coefficients to measure the correlation between individual congeners. We set
concentrations below the LOD to LOD/sqrt(2) (Hornung and Reed, 1990); the LOD varied
by the available plasma and lipid concentration in each individual sample (range: 0.11-5.40
ng/g lipid). We generated PCB groupings by summing individual lipid-adjusted PCB
concentrations (Table 1). We grouped PCBs by structure (tri- and tetra-substituted, penta-
and hexa-substituted, and hepta-, octa-, nona-, and deca-substituted) and hormonal activity
(as classified by Wolff et al. 1997 (Wolff et al., 1997)). We also calculated the sum of: total
PCBs; PCBs with >50% detection; PCBs 118, 153, 138/158, and 180 (the congeners most
commonly detected in humans); and dioxin-like congeners.

We first summarized the distribution of plasma concentrations of individual PCB congeners.
Next, we compared these results with lipid-adjusted serum samples pooled from non-
Hispanic Black females participating in the 2005-06, 2007-08, and 2009-10 U.S. National
Health and Nutrition Examination Survey (NHANES) cycles in order to compare with a
nationally-representative sample (CDC, 2018). We conducted a cross-sectional analysis of
demographic, behavioral, dietary, reproductive, and occupational variables ascertained at
baseline in relation to baseline plasma PCB concentrations. We selected variables that have
been associated with PCB exposure in previous studies or that we hypothesized could
plausibly be related to PCB exposure. We examined the following variables as potential
predictors of individual and groups of PCBs: age (years, continuous), marital status (never,
currently, previously married), education (<high school or General Education Development
(GED), some college or Associate’s degree or technical degree, =Bachelor’s degree), annual
household income (<$20,000, $20,000-$50,000, >$50,000), cumulative residence in urban
area (years, continuous), smoking history (never, former, current <5 cigarettes/day, current
>5 cigarettes/day), alcohol use in past year (none, moderate [1-5 drinks/day on average on
days that they drink and >4 drinks in one sitting once per month or less], heavy [>6
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drinks/day on average on days that they drink or =4 drinks in one sitting more than once per
month]), BMI (kg/m?, continuous), parity and lactation (nulliparous, parity but never
breastfed, parous and breastfed <6 months, parous and breastfed =6 months), birth order
(first, second, third or higher), breastfed in infancy (not, <3 months, =3 months), fish intake
(grams/day, continuous), meat intake (grams/day, continuous), poultry intake (grams/day,
continuous), egg intake (grams/day, continuous), dairy intake (servings/day, continuous),
and occupation (ever worked cleaning homes or buildings, as a doctor or medical student, or
in a job that required working with x-ray machines (separately) vs. never worked in any of
these occupations). We considered country of birth (U.S. vs. other) and ever worked in
building construction as a potential predictors, but due to small numbers (n=7 foreign-born
and n=7 who ever worked in building construction), results were imprecise and we did not
include these variables in the final analysis. We did not examine predictors of individual
PCBs with <50% detection, although these congeners were included in the PCB groupings
described above, when appropriate.

We fit linear regression models with log-transformed PCB concentrations as the dependent
variable, adjusted for all other predictors. We calculated the percentage difference in PCB
concentrations comparing one category of a predictor with the reference group (or, for
continuous variables that demonstrated a linear relationship with PCB congeners, the
percentage difference per unit increase in the predictor) by exponentiating beta coefficients
(calculated as 100*[exp(beta)-1]). Reported results are adjusted for all other predictors.

We conducted a sensitivity analysis restricting to the women who were randomly sampled at
baseline (n=659) to examine the possibility of selection bias by including incident uterine
leiomyomata cases that were not part of the random subcohort (n=103).

We used a Markov chain Monte Carlo method to impute missing data (Zhou et al., 2001).
We generated five imputation data sets and statistically combined the estimates from each
data set. The percentage missing for all variables was low and ranged from 0% (age) to 7%
(breastfed in infancy). We imputed PCB concentrations for samples that did not meet quality
control criteria (missingness across congeners ranged from 0.0-3.5%).

RESULTS

The mean age of the 762 women in our analysis was 28.6 (range: 23-35 years), and over half
had never been married (Table 2). Twenty-seven percent of participants had a Bachelor’s
degree or higher and almost half had an annual household income of <$20,000. Current
smoking and heavy alcohol use were common and the mean BMI was 33.7 kg/m2, with 60%
of participants classified as obese. Sixty-two percent of women were parous and the majority
breastfed at least one child. Most participants had lived in an urban area for at least 20 years.
History of working in occupations with potential PCB exposure was rare, except for work
cleaning houses or buildings.

Average plasma concentrations of individual PCBs were lower in SELF than in pooled
serum samples from NHANES non-Hispanic Black females (2005-2010; Table 3).
Congeners 74 and 99 were detected in 100% of participants; congeners 114, 157, 167, 189,

Int J Hyg Environ Health. Author manuscript; available in PMC 2020 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wesselink et al.

Page 7

206, and 209 were detected in <50% of participants and were not analyzed further.
Spearman correlation coefficients (r) between individual congeners ranged from 0.14 to 0.98
(Supplemental Table 1). Correlations between PCBs 28 and 66 with other higher-chlorinated
congeners were weaker (r=0.12-0.60), whereas most higher-chlorinated congeners had
correlation coefficients >0.50. PCB groupings were highly correlated, particularly total
PCBs, PCBs with >50% detection, and PCBs 118, 153, 138/158, and 180 (r=0.99).

Age was strongly positively associated with plasma PCB concentrations, even after adjusting
for all other predictors (Figure 1a). Adjusted associations were stronger for hepta-, octa-,
nona-, and deca-substituted PCBs (mean concentrations were 45.5% higher for each five-
year increase in age) than for penta- and hexa-(29.6% higher) and tri- and tetra-substituted
PCBs (15.2% higher). Results also varied across hormonally-active groups: associations
were stronger for Wolff group 1B (weak phenobarbital inducers) and group 3 (phenobarbital,
CYP1A, and CYP2B inducers) than for groups 2A and 2B (potentially antiestrogenic and
immunotoxic).

BMI was strongly inversely associated with plasma PCB concentrations in a linear pattern,
except for PCBs 28 and 66, where the association was weakly positive (Figure 1b). The
association was stronger for more highly chlorinated PCBs: a 5-kg/m? increase in BMI was
associated with 2.9% lower tri- and tetra-substituted PCBs, 8.3% lower penta- and hexa-
substituted PCBs, and 12.1% lower hepta-, octa-, nona-, and deca-substituted PCBs. Results
were weakest for Wolff group 2A congeners.

Past and current cigarette smoking tended to be positively associated with plasma PCB
concentrations for all congeners except for tri- and tetra-substituted PCBs, which were lower
among ever smokers compared with never smokers (Figure 2a, Supplemental Table 2).
Associations were strongest for current smokers who smoked =5 cigarettes/day (15.0%
higher total plasma PCBs compared with never smokers). Associations were significantly
weaker in Wolff group 2A congeners compared with other hormonally-defined groups.
Heavy but not moderate alcohol use in the past year was consistently positively associated
with higher plasma PCB concentrations (11.9% higher concentrations compared with non-
drinkers; Figure 2b and Supplemental Table 2). Total years of residence in an urban area was
also associated with small increases in plasma PCB concentrations (concentrations increased
by 3.4% for a 5-year increase in total time residing in an urban area; Figure 2c).

Parity was not consistently or strongly associated with plasma PCB concentrations
(Supplemental Table 2). However, longer lifetime duration of lactation was associated with
lower plasma PCB concentrations (Figure 3a): concentrations were 11.8% lower among
parous women who breastfed for =6 months compared with nulliparous women, whereas
parous women who did not breastfeed or who breastfed for <6 months had similar
concentrations to nulliparous women.

Likewise, though we found little evidence of an association between birth order and plasma
PCB concentrations (Supplemental Table 2), we observed that women who were breastfed
for =3 months in infancy had 17.3% higher plasma PCB concentrations than women who
were not breastfed (Figure 3b). Women who were breastfed for <3 months had similar
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concentrations to those not breastfed. The association was stronger for higher-chlorinated
PCBs: women breastfed for =3 months had 27.2% higher hepta-, octa-, nona-, and deca-
substituted PCBs, 13.7% higher penta- and hexa-substituted PCBs, and 3.8% higher tri- and
tetra-substituted PCBs compared with women who were not breastfed.

Other factors showed little evidence of an association with PCB concentrations
(Supplemental Table 2). Currently married women had slightly lower PCB concentrations
than never married women. Plasma PCB concentrations tended to be inversely but not
linearly associated with education. Conversely, income was slightly positively associated
with plasma PCB concentrations. Fish and poultry intakes were associated with slightly
higher concentrations of total plasma PCBs, and meat intake was associated with slightly
lower concentrations. We observed some evidence that medical professionals (/.e., doctors,
physician’s assistants, and medical students) and occupations with exposure to x-ray
machines were associated with higher plasma PCB concentrations, but work cleaning houses
or buildings was not appreciably associated with plasma PCB concentrations.

When combined, the predictors explained 30.5% of the variability in total plasma PCB
concentrations. Age (13.7%) and BMI (10.0%) were the two individual predictors that
explained the largest proportion of the variability; all other variables explained <1.0% each.

Although less precise, the magnitude and direction of results were similar when restricting
to the 659 women randomly sampled at baseline (data not shown).

DISCUSSION

Reproductive-aged Black women from the Detroit metropolitan area who participated in
SELF had lower plasma PCB concentrations than non-Hispanic Black female NHANES
participants. Several demographic, behavioral, reproductive, early life, and dietary variables
predicted plasma PCB concentrations, in particular, age and BMI. All variables combined
explained approximately 30% of the variability in total plasma PCBs. The magnitude of
some associations varied by the degree of PCB chlorination.

Plasma PCB concentrations in this cohort of Black women were relatively low, but were still
relevant for health outcomes. For example, an increased risk of diabetes (Vasiliu et al.,
2006), neurotoxicity (Neugebauer et al., 2015), and low birth weight (Casas et al., 2015;
Murphy et al., 2010) have been observed over a range of PCB concentrations comparable to
those observed in this cohort. There are three potential explanations for the lower
concentrations observed in SELF women compared with non-Hispanic Black women from
NHANES (CDC, 2018). The samples in SELF were collected during 2010-2012, whereas
those from NHANES women were collected during 2005-2010. Given the decline in
environmental PCBs over time, human exposure is expected to decline as well. In addition,
NHANES was designed to be representative of the U.S. population, whereas SELF is
restricted to the Detroit metropolitan area. Differences in geography and resultant sources of
exposure may partially explain the lower concentrations observed in SELF. Lastly, the age
ranges in the two populations were not identical: SELF women were 23-35 years old,
whereas NHANES samples were collected from women 20-39 years old. If the NHANES
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sample had more older women than the SELF cohort, we would expect PCB concentrations
to be higher.

Our finding of an association between older age and higher plasma PCB concentrations is
consistent with previous studies (Artacho-Cordon et al., 2015; Bachelet et al., 2011; Brauner
etal., 2011; Caspersen et al., 2016; Fernandez-Rodriguez et al., 2015; Foster et al., 2012;
Gallo et al., 2011; Glynn et al., 2007; Hardell et al., 2010; Herbstman et al., 2007; Humblet
et al., 2010; Ibarluzea et al., 2011; Kiviranta et al., 2005; Lewin et al., 2017; McGraw and
Waller, 2009; Pavuk et al., 2014; Rylander et al., 2012; Sandanger et al., 2007; Wolff et al.,
2005). This likely reflects both an age effect, through bioaccumulation of PCBs over the life
course, and a cohort effect, as women born earlier were exposed to higher PCB
concentrations in the environment (Laden et al., 1999). We observed stronger positive
associations between age and concentrations of higher-chlorinated PCB congeners. The
persistence of an individual PCB congener depends partially on its number of chlorine
atoms, with higher-chlorinated PCBs exhibiting more persistence than lower chlorinated
PCBs (Agency for Toxic Substances and Disease Registry, 2000). Therefore, as individuals
age, bioaccumulation of higher-chlorinated PCBs may be greater than for lower-chlorinated
PCBs.

Higher BMI was strongly associated with lower plasma PCB concentrations in SELF,
particularly with the higher-chlorinated congeners. This finding is consistent with numerous
studies that have found lower PCB concentrations among overweight and obese women
compared with normal weight women (Bachelet et al., 2011; Brauner et al., 2011; Caspersen
et al., 2016; Fernandez-Rodriguez et al., 2015; Foster et al., 2012; Gallo et al., 2011; Glynn
et al., 2007; Hardell et al., 2010; Herbstman et al., 2007; Humblet et al., 2010; Lewin et al.,
2017; Pavuk et al., 2014; Sandanger et al., 2007; Wolff et al., 2005) and the observation that
higher-chlorinated PCB congeners are more lipophilic than lower-chlorinated PCBs. PCBs
and other lipophilic compounds tend to sequester in adipose tissue; therefore, increased
adiposity signifies a larger volume of bodily tissue in which PCBs can distribute (La Merrill
et al., 2013). An equilibrium exists between PCBs in blood and adipose tissue, and several
studies have shown high correlations between lipid-adjusted PCB concentrations in serum
and concentrations in adipose (Needham et al., 2011; Patterson et al., 1988).

Associations of PCBs with other predictors were relatively weak, compared with age and
BMI. Relative to never smokers, we found that current and past smokers had higher plasma
PCB concentrations, with the exception of tri- and tetra-chlorinated PCBs. This result is
consistent with some (Herbstman et al., 2007; Humblet et al., 2010; Pavuk et al., 2014), but
not all (Bachelet et al., 2011; Fernandez-Rodriguez et al., 2015; Gallo et al., 2011; Ibarluzea
etal., 2011; Lewin et al., 2017; Rylander et al., 2012) previous studies. Organochlorine
compounds like PCBs are metabolized by the cytochrome P-450 oxidase system, as are
nicotine and its breakdown products. Competition or negative feedback in metabolism
between the two groups of compounds may contribute to the higher plasma PCB
concentrations observed among smokers, particularly heavy smokers. Lower-chlorinated
PCBs are metabolized more quickly than higher-chlorinated PCBs (Kato et al., 1980;
Matthews and Anderson, 1975; Mills et al., 1985), which could explain the lack of positive
association between smoking and plasma PCB concentrations for lower-chlorinated
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congeners. A study of a PCB-contaminated area in Anniston, Alabama also reported positive
associations between plasma concentrations of most PCB congeners and current smoking,
but an inverse association between lower-chlorinated PCBs 28 and 66 and current smoking
(Pavuk et al., 2014).

Heavy but not moderate alcohol intake was associated with higher plasma PCB
concentrations, consistent with other studies (Miyashita et al., 2015; Pavuk et al., 2014).
Alcohol intake may interfere with hepatic drug-metabolizing enzymes, which could slow the
rate of elimination of PCBs from the body (Miyashita et al., 2015). Rich, fatty foods of
animal origin, in which PCBs may bioaccumulate, are often consumed with alcohol and,
although we controlled for some dietary factors, residual confounding is possible and could
partially account for the observed positive association between alcohol intake and plasma
PCBs (Arisawa et al., 2011).

Longer time spent residing in an urban area was associated with higher plasma PCB
concentrations. This finding agrees with several studies showing positive associations
between residing near industrial areas and PCB exposure (Fernandez-Rodriguez et al., 2015;
Pavuk et al., 2014). Because all participants are current residents of the Detroit metropolitan
area and 62% reported living in Detroit their entire lives, most of the “time spent living in an
urban area” variable corresponded with time spent living in Detroit. Historically, Detroit is
an industrial city, which could explain the correlation of time spent in an urban area with
PCB concentrations; these findings may not be generalizable to other cities.

Pregnancy and lactation are major routes of elimination of PCBs (Barr et al., 2005).
However, we found that lactation was more important than parity in predicting PCB
concentrations. The inverse association between breastfeeding duration and plasma PCB
concentrations is relatively well-established (Bachelet et al., 2011; Brauner et al., 2011;
Hardell et al., 2010; Humblet et al., 2010; Ibarluzea et al., 2011; Kiviranta et al., 2005;
Pavuk et al., 2014; Rylander et al., 2012), but ours is one of only a few studies to report that
having been breastfed in infancy is associated with higher plasma PCB concentrations in
adulthood (Caspersen et al., 2016; Fernandez-Rodriguez et al., 2015; Gallo et al., 2011;
Glynn et al., 2007). Conversely, we did not observe strong associations between parity or
birth order and plasma PCB concentrations, with the exception of a small inverse association
between parity and tri- and tetra-chlorinated PCBs. This finding, which is unexpected and
inconsistent with previous literature (Caspersen et al., 2016; Fernandez-Rodriguez et al.,
2015; Hardell et al., 2010; Herbstman et al., 2007; Ibarluzea et al., 2011; Lewin et al., 2017,
Pavuk et al., 2014), may be due to chance or may relate to the fact that some previous
studies do not control for lactation.

Fatty fish intake is widely recognized as a source of PCB exposure in the general population,
as PCBs are present in the environment and bioaccumulate (Bachelet et al., 2011; Brauner et
al., 2011; Fernandez-Rodriguez et al., 2015; Gallo et al., 2011; Glynn et al., 2007; Humblet
et al., 2010; Ibarluzea et al., 2011; Kiviranta et al., 2005; McGraw and Waller, 2009; Pavuk
et al., 2014; Rylander et al., 2012; Wolff et al., 2005). We observed weak positive
associations between total fish intake and plasma PCB concentrations. We did not collect
information on type of fish (/.e., fatty or not) or the source of fish (/.e., from potentially
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contaminated waters or not), which could have contributed to measurement error and
attenuated our results. We hypothesized that intake of other foods containing animal fat
would be associated with higher plasma PCB concentrations; however, we only observed
this pattern for poultry intake, not meat, egg, or dairy intake. As with fish intake, we did not
collect information on the source of the individual foods (/.e., whether they originated in
regions with higher PCB contamination).

Our analytic sample was selected from the full SELF cohort using a case-cohort design (to
study risk of uterine leiomyomata). We measured PCBs in the plasma of a random sample of
participants at baseline (/.e., the subcohort) as well as all incident cases of uterine
leiomyomata (some of whom were part of the subcohort). If PCBs and the predictors of
interest are associated with uterine leiomyomata risk, we may have introduced selection bias
into our analysis. However, we conducted a sensitivity analysis restricted to the 659 women
who we randomly sampled at baseline and found similar results.

Grouping individual congeners together may attenuate findings if associations are driven by
one particular PCB rather than the group. For example, the inverse association between
PCBs 28 and 66 with current cigarette smoking are masked when these PCBs are grouped
with other lower-chlorinated congeners. However, grouping congeners has the advantage of
utilizing knowledge about the structure and hormonal activity of PCBs to provide some
insight into biological mechanisms of observed correlations and potential connections to
health outcomes. For example, the identification of a stronger association between PCBs and
BMI with increasing chlorination may indicate increased storage of PCBs in adipose tissue
or slower metabolism, given that higher-chlorinated PCBs are more lipophilic.

We conducted a cross-sectional analysis using data collected at baseline only. Because
current plasma PCB concentrations reflect exposures throughout the life course, some of the
variables in SELF (e.g., fish intake over the last 12 months) may not have been measured in
the ideal time window, generally resulting in some attenuation of our findings. In addition,
there may have been exposure misclassification due to long periods of recall, particularly for
the early-life variables (e.g., breastfed in infancy). We did not have information on how far
participants live from Superfund or other toxic waste sites, which are potentially important
sources of exposure. We presented results adjusted for a wide range of demographic,
lifestyle, and medical covariates for the purpose of hypothesis generation rather than
estimating the effects of each covariate on PCB exposure. Some associations may be
adjusted for covariates that plausibly lie on a causal pathway to exposure; others may be
affected by residual or unmeasured confounding (Westreich and Greenland, 2013). Lastly,
the SELF cohort was restricted to women age 23-35 years from the Detroit metropolitan
area, and results may not be generalizable to women of other ages and geographic regions.

Major strengths of our study include our focus on Black women, a racial group traditionally
understudied in environmental health research (Burchard et al., 2015; Oh et al., 2015). We
collected data on a wide range of potentially predictive variables. We used multivariable
regression to control for confounding by other predictors, although given the cross-sectional
nature of our study, the temporality of the predictors in reference to each other is unclear, so
we may have over-adjusted for causal intermediates. In addition, we used state-of-the-art
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methods with rigorous quality control to measure PCB concentrations in plasma (Sjodin et
al., 2004).

CONCLUSIONS

Our observation that PCB concentrations were positively associated with age, duration of
urban residence, cigarette smoking, heavy alcohol intake, and having been breastfed in
infancy, and inversely associated with BMI and lactation duration are generally consistent
with the literature. This study expands on previous work by filling the data gap for Black
women and examining predictors of both individual and groups of PCBs which revealed
patterns of correlations by extent of chlorination.
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Figure 1.
Adjusted percentage difference (95% CI) in plasma PCB concentrations by a) age

(percentage difference for a 5 year increase) and b) body mass index (percentage difference
for a 5 kg/m? increase). Results are adjusted for age, marital status, education, income,
smoking history, alcohol use, BMI, parity, lactation, birth order, breastfed as an infant,
intakes of fish, meat, poultry, eggs, and dairy, and occupation. DL-PCBs=dioxin-like PCBs;
HOND-PCBs=hepta, octa=, nona-, deca-substituted PCBs; PCB-4=PCBs 105, 118, 138/158,
180; PCB>50=PCBs with >50% detection in cohort; PH-PCBs=penta, hexa-substituted
PCBs; TT-PCBs=tri, tetra-substituted PCBs; WG1B=Wolff group 1B PCBs; WG2A=Wolff
group 2A PCBs; WG2B=Wolff group 2B PCBs; WG3=Wolff group 3 PCBs
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Adjusted percentage difference in plasma PCB concentrations by a) cigarette smoking
(percentage difference comparing current smokers =5 cigarettes/day with never smokers), b)
alcohol use in past year (percentage difference comparing heavy users with non-users), and
¢) total time residing in an urban area (percentage difference for a 5-year increase). Results
are adjusted for age, marital status, education, income, smoking history, alcohol use, BMI,
parity, lactation, birth order, breastfed as an infant, intakes of fish, meat, poultry, eggs, and
dairy, and occupation. DL-PCBs=dioxin-like PCBs; HOND-PCBs=hepta, octa=, nona-,
deca-substituted PCBs; PCB-4=PCBs 105, 118, 138/158, 180; PCB>50=PCBs with >50%
detection in cohort; PH-PCBs=penta, hexa-substituted PCBs; TT-PCBs=tri, tetra-substituted
PCBs; WG1B=Wolff group 1B PCBs; WG2A=Wolff group 2A PCBs; WG2B=Wolff group
2B PCBs; WG3=Wolff group 3 PCBs
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Figure 3.
Adjusted percentage difference in plasma PCB concentrations by reproductive and parity/

lactation (percentage difference comparing parous women who breastfed =6 months with
nulliparous women) and b) participant herself breastfed as an infant (percentage difference
comparing those breastfed for =3 months with those who were not breastfed). Results are
adjusted for age, marital status, education, income, smoking history, alcohol use, BMI,
parity, lactation, birth order, breastfed as an infant, intakes of fish, meat, poultry, eggs, and
dairy, and occupation. DL-PCBs=dioxin-like PCBs; HOND-PCBs=hepta, octa=, nona-,
deca-substituted PCBs; PCB-4=PCBs 105, 118, 138/158, 180; PCB>50=PCBs with >50%
detection in cohort; PH-PCBs=penta, hexa-substituted PCBs; TT-PCBs=tri, tetra-substituted
PCBs; WG1B=Wolff group 1B PCBs; WG2A=Wolff group 2A PCBs; WG2B=Wolff group
2B PCBs; WG3=Wolff group 3 PCBs
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Table 1.

Polychlorinated biphenyl groupings used in the present analysis.

Group

PCB Congeners Included

Wolff Group 1B (WG1B; weak phenobarbital inducers, persistent)

187

Wolff Group 2A (WG2A; potentially antiestrogenic and
immunotoxic, dioxin-like, moderately persistent)

66, 74, 105, 118, 156, 167

Wolff Group 2B (WG2B; potentially antiestrogenic and
immunotoxic, limited dioxin activity, persistent)

138/158, 170

Wolff Group 3 (WG3; phenobarbital, CYP1A and CYP2B
inducers, biologically persistent)

99, 153, 180, 196/203, 183

Dioxin-like (DL-PCBs)

105, 114, 118, 156, 157, 167, 189, 170, 180

Tri- and tetra-substituted (TT-PCBs)

28,66, 74

Penta- and hexa-substituted (PH-PCBs)

99, 105, 114, 118, 138/158, 146, 153, 156, 157, 167

Hepta-, octa-, nona-, and deca-substituted (HOND-PCBs)

170, 178, 180, 183, 187, 189, 194, 196/203, 199, 206, 209

4 most common PCBs (PCB-4)

118, 153, 138/158, 180

PCBs >50% detected (PCB>50%)

28, 66, 74, 99, 105, 118, 138/158, 146, 153, 156, 170, 178, 180, 183, 187,
194, 196/203, 199

Total PCBs

28, 66, 74, 99, 105, 114, 118, 138/158, 146, 153, 156, 157, 167, 170, 178,
180, 183, 187, 189, 194, 196/203, 199, 206, 209
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Characteristics of 762 participants in the Study of Environment, Lifestyle, and Fibroids (SELF) Prospective

Cohort Study at Baseline (2010-2012).

Characteristic N (%) Mean (SD)
Age (years) 28.6 (3.5)
23-25 182 (23.9)
26-28 189 (24.8)
20-31 204 (26.8)
32-35 187 (24.5)
Marital status
Never married 435 (57.1)
Currently married 217 (28.5)
Previously married 110 (14.4)
Education
<High school diploma/GED 163 (21.4)
Some college/Associate’s/Technical 391 (51.3)
>Bachelor’s degree 208 (27.3)
Annual household income
<$20,000 348 (45.7)
$20,000-$50,000 288 (37.8)
>$50,000 126 (16.5)
Smoking status
Never 558 (73.2)
Past 59 (7.7)
Current <5 cigarettes/day 71(9.3)
Current =5 cigarettes/day 74 (9.7)
Alcohol intake in past year
None 217 (28.5)
Moderate 391 (51.3)
Heavy 154 (20.2)
BMI (kg/m?) 33.7 (9.6)
<25 144 (18.9)
25-29 160 (21.0)
30-34 150 (19.7)
35-39 128 (16.8)
>40 180 (23.6)
Parity 12(1.4)
Nulliparous 289 (37.9)
1 207 (27.2)
2 130 (17.1)
>3 136 (17.9)
Duration of lactation (months) 3.1(6.1)
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Characteristic N (%) Mean (SD)
0 452 (59.3)
1-3 118 (15.5)
4-6 70 (9.2)
7-12 64 (8.4)
>12 58 (7.6)
Birth order
First 315 (41.3)
Second 214 (28.1)
Third or higher 233 (30.6)
Breastfed in infancy
No 541 (71.0)
Yes, <3 months 110 (14.4)
Yes, >3 months 111 (14.6)
Total years lived in urban area 21.2 (10.2)
<5 73 (9.6)
5-9 42 (5.5)
10-19 158 (20.7)
=20 489 (64.2)
Fish intake (g/day) 28.1(33.9)
<50 652 (85.6)
50-99 74 (9.7)
2100 36 (4.7)
Meat intake (g/day) 53.5 (63.4)
<50 514 (67.5)
50-99 152 (20.0)
>100 96 (12.6)
Poultry intake (g/day) 35.7 (37.0)
<50 588 (77.2)
50-99 127 (16.7)
2100 47 (6.2)
Dairy intake (milk equivalents/day) 1.1(0.8)
<1.0 438 (57.5)
1.0-1.9 240 (31.5)
>2.0 84 (11.0)
Eggs (g/day) 14.8 (14.3)
<25 632 (82.9)
25-49 103 (13.5)
>50 27 (3.5)
Ever worked cleaning houses or buildings 181 (23.8)
Ever worked as doctor/physician/medical student 52 (6.8)
Ever used x-ray equipment in jobs 24 (3.2)

BMI=body mass index; GED=general education diploma
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