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Serum lipid levels are major risk factors for cardiovascular disease. In addition to diet, exercise, genetics, age and
race, serum concentrations of persistent organic pollutants (POPs) influence concentrations of serum lipids. We in-
vestigated associations between fasting concentrations of 35 polychlorinated biphenyl (PCB) congeners and nine
organochlorine pesticides in relation to total serum lipids, total cholesterol, low-density lipoprotein (LDL) cholester-
ol, high density lipoprotein (HDL) cholesterol and triglycerides in 525 Caucasian and African American residents of
Anniston, Alabama, who were not on any lipid-lowering medication. In Model 1, data were adjusted for age, age
quadratic, gender, BMI, alcohol consumption, smoking and exercise, while in Model 2, additional adjustment was
done for other POPs. As compared to Caucasians, African Americans had lower levels of total lipids and triglycerides
with higher concentrations of HDL cholesterol, but higher concentrations of PCBs and pesticides. Total pesticides
were more strongly associated with elevations in serum lipids than were total PCBs, and the associations were
stronger in African Americans. Total DDTs were not associated with serum lipids after adjustment for other POPs
in either racial group, while the strongest positive associations were seen for hexachlorobenzene (HCB) in both ra-
cial groups. Racial differences in lipid profiles, concentrations of POPs and associations between POP concentrations
and serum lipids are relevant to racial differences in rates of cardiovascular disease.

© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Concentrations of serum lipids are known to be one of themajor risk
factors for cardiovascular disease, along with hypertension, smoking
and diabetes (Berry et al., 2012; Prospective Studies Collaboration
et al., 2007). Elevated concentrations of total cholesterol, triglycerides
and especially low-density-lipoprotein (LDL) cholesterol are major
risk factors for cardiovascular disease (Chapman et al., 2011), as is low
high-density-lipoprotein (HDL) cholesterol (Emerging Risk Factors
Collaboration et al., 2009). However, there are known racial differences
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in “normal” levels of the lipid components, with African Americans hav-
ing lower total/HDL cholesterol ratios and triglyceride concentrations,
as well as higher HDL cholesterol levels, while Hispanics have lower
LDL cholesterol, total cholesterol and HDL cholesterol as compared to
Caucasians (Rodriguez et al., 2002). Willey et al. (2011) reported that
levels of HDLwere inversely predictive of risk of amyocardial infarction
in African-Americans and Caucasians but not in Hispanics. Chang et al.
(2011) have reported significant racial differences in single-nucleotide
polymorphisms among the major racial groups in the Third National
Health and Nutrition Examination Survey (NHANES), and Dumitrescu
et al. (2011) have found racial differences in common genetic variants
associated with HDL, LDL and triglycerides, which is consistent with
the hypothesis that the differences reported above are at least in part
due to genetic variability. However, in spite of having on average higher
concentrations of HDL cholesterol, African Americans have a higher
mortality from coronary heart disease as compared to either Caucasians
or Hispanics (Lloyd-Jones et al., 2010; Roger et al., 2012).

Lifestyle factors, including diet (Hu and Willett, 2002), tobacco
(Benowitz, 2003), binge alcohol use (Graff-Iversen et al., 2012) and fre-
quency of exercise (Wisløff et al., 2005) are important in relation to
serum levels of the various lipid components. There are significant racial
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and geographical differences in dietary intakes in black and white
women (Newby et al., 2012). Smoking ismore common, but heavy alco-
hol consumption is less common in African Americans than Caucasians
in at least some studies (White et al., 2012).

The role of exposure to environmental contaminants and cardiovas-
cular disease is often not acknowledged in large population studies, but
is important. Exposure to lead (Glenn et al., 2003) and polychlorinated
biphenyls (PCBs) (Goncharov et al., 2010) increases risk of hyperten-
sion, while exposure to arsenic (Chang et al., 2004) andmethylmercury
(Guallar et al., 2002) increases risk of coronary artery disease. Several
authors have reported elevations in triglycerides (Baker et al., 1980;
Chase et al., 1982) and total cholesterol (Stehr-Green et al., 1986;
Takamatsu et al., 1984; Tokunaga and Kataoka, 2003) in PCB-exposed
populations. Persons with occupational PCB exposures were found to
have elevations in rates of cardiovascular deaths (Gustavsson and
Hogstedt, 1997). In a Native American population, higher PCB levels
were associated with elevations of both triglycerides and total choles-
terol, as well aswith self-reported hypertension and cardiovascular dis-
ease (Goncharov et al., 2008).

PCBs were manufactured in Anniston, Alabama, from 1929 until
1971. In 2003 ATSDR funded a consortium of universities to determine
exposure of nearby residents and the resulting health impacts. The
serum PCB levels in 758 Anniston residents ages 19–93 years ranged
from 0.1 to 170.4 ng/g (ppb) with a median of 3.2 ng/g (Goncharov
et al., 2010). These concentrations can be compared to the statement
by ATSDR (2000) that the average PCB concentration in persons that
are not unusually exposed is between 0.9 and 1.5 ng/g.

We have previously reported evidence that serum concentrations of
various PCB congeners and chlorinated pesticides are associated with
the alteration of the profile of serum lipid levels in Anniston residents
in a study where we controlled for race (Aminov et al., 2013). The
goal of the present study is to explore racial differences both among
serum lipid components in a population that has nearly identical num-
bers of African Americans and Caucasians, and to determine how total
PCBs, PCB congener groups, total pesticides and concentrations of indi-
vidual pesticides or pesticide groups may alter these serum lipid
associations.

2. Materials and method

Previous reports have described the study population, sampling
methods, data collection techniques and laboratory analyses (Aminov
et al., 2013; Goncharov et al., 2010, 2011), and so these methods will
be presented only briefly here.

2.1. Study site and population

Apool of 3320 eligible addresseswas randomly selected froma com-
mercial list of all residential properties in Anniston with intentional
oversampling (two thirds of all eligible) of residences inWest Anniston,
which is the area nearest the former PCB manufacturing facility,
resulting in a stratified sample that facilitated enrollment of individuals
with residences closer to the plant. An adult member of each household
was invited to enroll in the study. Interviewswere conducted by trained
interviewers with 1110 persons (ages 18 years and older) who were
enrolled in the study. The objective of the interviewwas to obtain infor-
mation about each study participants demographics, lifestyle, and
health-related variables.

A total of 774 persons provided fasting blood samples for analysis of
serumPCBs and pesticides, serum lipids and fasting glucose. PCB results
were missing for eight subjects failing quality control/assurance proce-
dures, there was no medication information for one subject, no race/
ethnicity information for one subject, and height and weight parame-
ters were not available for two participants, and so these subjects
were excluded. To exclude a possible influence of confounding by
lipid-loweringmedication, for our studywe used 575 study participants
who reported that they are not taking any lipid-lowering medication.

2.2. Laboratory analyses

The Centers for Disease Control and Prevention's National Center for
Environmental Health laboratory performed analyses of levels of 35 PCB
congeners (PCBs 28, 44, 49, 52, 66, 74, 87, 99, 101, 105, 110, 118, 128,
146, 149, 151, 153, 156, 157, 138–158, 167, 170, 172, 177, 178, 180,
183, 187, 189, 194, 195, 199, 196–203, 206, 209) and 9 organochlorine
pesticides [hexachlorobenzene (HCB), β-hexachlorocyclohexane (β-
HCCH), γ-HCCH, oxychlordane, trans-nonachchlor, dichlorodiphenyl-
trichloroethanes (p,p′-DDE, p,p′-DDT, o,p′-DDT, the sum of which will
be called “total DDTs”) and mirex] in serum, measured by high resolu-
tion gas chromatography/isotope dilution mass spectrometry (Sjödin
et al., 2004).

The Clinical Chemistry Laboratory of the Jacksonville, AlabamaMed-
ical Center measured serum levels of different lipid fractions (triglycer-
ides, total cholesterol, LDL cholesterol and HDL cholesterol). The
formula proposed by Bernert et al. (2007) was applied to calculate
total lipid levels.

2.3. Statistical analysis

All statistical analyses were conducted using SAS System 9.1.3 pack-
age (SAS Institute, Inc., Cary, NC). Descriptive statistics were calculated
for outcome variables, demographic characteristics, and exposure vari-
ables. The Cochran–Mantel–Haenszel test was used to compare demo-
graphic and behavioral characteristics of the two racial groups.
Student's t-test was used in order to assess racial differences in demo-
graphic and serum characteristics. Normality of covariates was assessed
graphically and by the Kolmogorov–Smirnov test. Since serum POP con-
centrations were highly skewed, they were natural log transformed to
achieve approximately normal distribution before including them into
regression models. Serum lipid levels were less skewed but were also
natural log transformed. Multiple linear regression modeling was used
to evaluate relationships between five outcome variables (serum con-
centrations of total lipids, total cholesterol, HDL cholesterol, LDL choles-
terol, and triglycerides) and exposure variables (serum levels of total
PCBs and total pesticides as well as various PCB and pesticide groups)
in each racial group. All regression models were adjusted for con-
founders defined by selected demographic and behavioral characteris-
tics of the study population.

As previously described (Aminov et al., 2013), we used two models.
In Model 1 adjustment was made only for age, age quadratic, gender,
BMI, smoking, alcohol consumption and exercise. In Model 2 adjust-
mentwasmade, in addition to all those variables inModel 1, for concen-
trations of all other POPs than the one under study. While theoretically
preferable because it can assist in distinguishing actions of different
contaminants that are all found in serum lipids, use of Model 2 can
lead to results that are statistically significant but biologically implausi-
ble, especially if the apparent association changes sign (see Additional
file 1 in Aminov et al., 2013). Thus results using Model 2 must be
interpreted with caution.

Predictive models were validated by evaluating R-squared statistics.
All possible interaction terms initially were in the models, including
“race × PCBs”, “race x pesticides”, “age × PCBs” and “age × pesticides”,
but in final models they were removed since none of the interaction
terms had significant estimates or significantly contributed to the
models. To address the issue of multicollinearity between exposure var-
iables, we have assessed the correlation between groups of POPs. The
correlation between groups of PCBs organized by number of ortho-
substituted chlorines and the various pesticides was assessed by calcu-
lation of Spearman's correlation coefficients by race. The exposure var-
iables (concentrations of total PCBs, total pesticides, groups of PCBs,
and pesticides) and hypotheses tested have been defined a priori,
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consistent with our previous statistical analyses. The estimates are con-
sidered statistically significant if the p-values are less than or equal to
0.05. The data presented usingModel 1 does use testing formultiple hy-
potheses and therefore it would be appropriate to apply the Bonferroni
correction. For eight variables this would lead to a significance value of
0.0062. Application of the Bonferroni correction is not appropriate for
Model 2 data. To avoid confusion all data is presented using a p value
less than or equal to 0.05.

Concentrations of PCB congeners 52, 49, 44, 101, 110, 151, 149, and
128 and of γ-HCCH showed a high prevalence (more than 60%) of
values below the detection limit, and were therefore excluded from
analysis. For all other POPs, values below detection limits were replaced
by the detection level divided by the square root of two.

Since PCB congeners and organochlorine pesticides have various
molecular structures, they may have different health effects. Hence,
we evaluated associations between the outcome variables and groups
of PCB congeners and pesticides. Organochlorine pesticides were
grouped by their molecular structure, while PCB congeners were
grouped by the number of ortho substituted chlorines.
3. Results

Demographic characteristics of thewhole study population and each
racial group are presented in Table 1. The age distribution was almost
the same among Caucasians and African Americans. The majority of
both groups were 37 to 74 years old. In both groups females composed
approximately 2/3 of the group. Prevalence of regular alcohol con-
sumers was higher in African Americans (p b 0.0001), while prevalence
of smokers was higher in Caucasians (p = 0.0332) in this population,
unlike other reports (White et al., 2012). No difference was observed
in numbers of study participants in each group who engaged in regular
physical activity (58.0% and 53.7% for Caucasians and African Americans
respectively).

The geographic residential location of the Caucasian and African
American study participants is also illustrated in Fig. 1. African
Americans reside primarily within the triangular area formed by the
rail lines north of the former PCB production plant and the waterway
running away from the plant. These areas are at lower elevation than
are other parts of Anniston; areas at lower elevations often have higher
soil levels of total PCBs (Chang et al., 2011; Orloff et al., 2003).
Table 1
Demographic characteristics and health behaviors of the study population (N = 575) and
each racial group: Caucasian American (N = 288) and African American (N = 287).

Total
N = 575

Caucasian American
N = 288

African American
N = 287

Age
18–36 106/575 (18.43%) 60/288 (20.9%) 46/287 (16.0%)
37–55 225/575 (39.13%) 98/288 (34.0%) 127/287 (44.2%)
56–74 192/575 (33.39%) 98/288 (34.0%) 94/287 (32.8%)
75–93 52/575 (9.04%) 32/288 (11.1%) 20/287 (7.0%)

Gender
Female 407/575 (70.78%) 209/288 (72.6%) 198/287 (69.0%)
Male 168/575 (29.22%) 79/288 (27.4%) 89/287 (31.0%)

Alcohol consumption
Yes 177/575 (30.78%) 64/288 (22.2%) 113/287 (39.4%)
No 398/575 (69.22%) 224/288 (77.8%) 174/287 (60.6%)

Smoking
Yes 304/573 (53.05%) 165/287 (57.5%) 139/286 (48.6%)
No 269/573 (46.95%) 122/287 (42.5%) 147/286 (51.4%)

Physical activity
Yes 319/571 (55.87%) 166/286 (58.0%) 153/285 (53.7%)
No 252/571 (44.13%) 120/286 (42.0%) 132/285 (46.3%)
Age and BMI were not significantly different in the two groups
(Table 2). Whenmean serum concentrations of serum lipids were com-
pared, total lipid concentrations and triglycerides were significantly
lower and concentrations of HDL cholesterol were higher among
African Americans. Concentrations of total cholesterol and LDL choles-
terol were not significantly different between the two groups. Total
serum concentrations of PCBs were significantly higher among African
Americans, and the differenceswere similar in proportionwhen the con-
centrations of PCB congener groups were compared, i.e., values for each
congener group were 2–3 times higher in African Americans. Mean total
serum concentrations of chlorinated pesticides were also higher among
African Americans, but when pesticides were separated into groups,
summary concentrations of oxychlordane and t-nonachlordane were
significantly higher among Caucasians and concentrations of HCB and
HCCHs were not significantly different in the two groups. Only concen-
trations of mirex and total DDTs were significantly higher in African
Americans. Chlorinated pesticides have never been produced in the
former PCB production facility in Anniston.

In order to assess the relationship between exposure to POPs and
serum concentrations of lipids, we first regressed serum concentrations
of lipids with total concentrations of POPs with adjustment for demo-
graphic and behavioral variables (Supplemental Table 1). In both groups
total serum concentrations of POPs on a wet weight basis (per gram of
serum) were positively associated with serum total concentrations of
lipids, total cholesterol and triglycerides. Associations were slightly
stronger in African Americans. There was no significant association be-
tween total POPs and either LDL or HDL cholesterol.

Table 3 shows results of linear regression analysis of the relation-
ships between serum total PCBs and chlorinated pesticides to serum
lipid concentrations in Caucasians and African Americans. In Model 1
adjustment was made for age, age quadratic, gender, BMI, alcohol con-
sumption, smoking and exercise. In Model 2 all results were adjusted
for possible demographic and behavioral confounders, as well as the
other contaminants. The results show some racial differences. For Cau-
casians, total PCBs were significantly associated only with total lipids
in Model 1, but this association disappeared using Model 2. For African
Americans, total serum PCBswere positively associated with total lipids
and triglycerides usingModel 1, but these associations also disappeared
after adjustment for total pesticides. For the chlorinated pesticides, Cau-
casians and African Americans both showed positive correlations with
total lipids and triglycerides with both models, while among African
Americans in both models there was a significant positive association
with serum total cholesterol as well.

Table 4 presents results obtained when total serum concentrations
of PCBs are broken into groups by the number of ortho-substituted chlo-
rine atoms. Among Caucasians all significant associations in Model 1 for
mono- and di-ortho PCB congeners disappeared in Model 2 analysis,
which was controlled for all remaining PCB groups and the pesticides,
while the association of total lipids with tri- plus tetra-ortho PCBs
remained significant. For African Americans, associations of mono-
ortho PCBs with total lipids also disappeared after adjustment for
other POPs, and the apparently statistically significant association with
di-ortho PCBs with both total lipids and triglycerides changed signs,
which is not biologically plausible.We attribute these several biological-
ly implausible reversals of sign observed in Table 4, some of which are
statistically significant, to excessive multicollinearity. These statistical
artifacts should be treated with considerable caution (Aminov et al.,
2013). Supplemental Tables 2 and 3 show Pearson's correlation coeffi-
cients for the various POPs in Caucasians and African Americans, respec-
tively. It is clear that there is a high degree of correlation amongmost of
these lipophilic compounds. The associations seen in Table 4 for African
Americans for tri- and tetra-ortho PCBswith total lipids, total cholesterol
and triglycerides remained significant in Model 2. There was no associ-
ationwith either LDL or HDL cholesterol in either racial group. These re-
sults suggest that the associations between serum lipids and PCBs are
primarily due to the higher chlorinated tri- plus tetra ortho congeners.



Fig. 1. Residential distribution of study participants' residences by race in relation to the site of the formerMonsanto PCB production facility. Caucasian Americans are represented by pur-
ple, while African Americans are represented by orange. Each square is about 0.5 mile on each side. More detailed identification is not provided in order to avoid unique identifying infor-
mation on study participants. The color of each square indicates the residential density of each racial group in that location. Areas dominated by one racial group are shownwith one color
more saturated than the other, while areas with a more balanced distribution are indicated by a more apparent overlap in colors.
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Table 5 shows results similar to those in Table 4, but for the various
groups of pesticides. In spite of the fact that total DDT was found at a
much higher concentration than any of the other pesticides, there was
no significant association between the levels of total DDT and any
lipid component in either racial group after adjustment for other POPs.
After adjustment for other POPs, serum concentrations of total chlor-
danes showed significant positive associations with serum total lipids
and triglycerides in African Americans, but in Caucasians there was a
significant association only with triglycerides, even though the total
chlordane concentrations were higher in Caucasians. Mirex and HCCH
did not show any significant and plausible associations in either racial
group after adjustment for other POPs. Although HCB was present
only at background concentrations, there were strong positive associa-
tions between serum concentrations and serum lipids in both racial
groups. For both Caucasians and African Americans, HCB showed
positive associations with serum total lipids, total cholesterol, LDL
cholesterol and triglycerides. There was even a hint of an inverse re-
lationship between concentrations of HCB and HDL cholesterol, but
most results were not significant. It is noteworthy that only HCB of
all the POPs studied was associated with significant changes in LDL
cholesterol.
4. Discussion

Our findings can be summarized by several points:

1. Despite similar demographic characteristics, serum lipid profiles and
concentrations of POPs are significantly different in the two racial
groups. African Americans had lower serum concentrations of total
lipids and triglycerides, and higher concentrations of HDL cholesterol
than did Caucasians, but they also had higher concentrations of total
PCBs and total chlorinated pesticides.

2. Total PCBswere positively associatedwith elevations in total lipids in
both races when results were not adjusted for total pesticides, but
there was no longer a significant association after adjustment for
total pesticides. Total pesticides were significantly associated with
both total lipids and triglycerides before and after adjustment for
other POPs in both races, and there was also a significant associ-
ation with total cholesterol among African Americans. There was
no significant association between levels of either total PCBs or
total pesticides and either LDL or HDL cholesterol. Thus pesti-
cides show a stronger association with serum lipid levels than
PCBs.



Table 2
Means and ranges of age, BMI, serum lipid levels, total PCBs, total pesticides and PCB and pesticide groups in the study population (n = 575)with results of Student's t-test for differences
between the means for Caucasian Americans (n = 288) and African Americans (n = 287).

Total mean
(N = 575)

Caucasian
(N = 288)

African American
(N = 287)

p-Value

Mean SD Range Mean SD Range

Age (years) 52.15 52.69 17.43 19−92 51.61 14.60 18−93 0.4219
BMI (kg/m2) 30.88 30.31 8.08 18−65 31.46 7.94 16−60 0.0843
Total lipids (mg/dL) 636.88 661.50 154.80 355.2−1264.6 612.09 147.40 335.8−1436.2 0.0001
Total cholesterol (mg/dL) 195.85 199.01 43.81 84.0−373.0 192.68 41.52 87.0−329.0 0.0756
HDL cholesterol (mg/dL) 48.53 45.82 12.81 20.0−95.0 51.25 18.09 19−148 b0.0001
LDL cholesterol (mg/dL) 121.68 123.75 38.00 36.0−300.0 119.6 36.32 38−231 0.1870
Triglycerides (mg/dL) 130.14 147.31 88.63 31.0−547.0 112.85 92.49 15−929 b0.0001
Total PCBs (ppb ww) 6.33 3.36 5.02 0.11−47.92 9.33 16.64 0.22−170.40 b0.0001
Mono-ortho congeners (ppb ww) 0.85 0.42 0.61 0.03−5.45 1.28 2.83 0.04−34.28 b0.0001
Di-ortho congeners (ppb ww) 3.95 2.01 2.91 0.06−32.04 5.91 10.68 0.14−108 b0.0001
Tri- and tetra-ortho congeners (ppb ww) 1.53 0.93 1.78 0.02−19.88 2.14 3.51 0.04−28.19 b0.0001
Tri- and tetrachloro congeners (ppb ww) 0.16 0.11 0.14 0.01−1.05 0.21 0.39 0.01−4.32 b0.0001
Pentachloro congeners (ppb ww) 0.68 0.27 0.48 0.02−4.22 1.09 2.57 0.03−34.4 b0.0001
Hexachloro congeners (ppb ww) 2.59 1.25 1.91 0.04−21.60 3.94 7.44 0.09−77.7 b0.0001
Heptachloro congeners (ppb ww) 1.81 0.95 1.37 0.02−14.46 2.67 4.70 0.05−41.46 b0.0001
Octa-, nona- and decachloro congeners (ppb ww) 1.10 0.77 1.69 0.01−21.65 1.43 2.43 0.02−1976 0.0002
Total pesticides (ppb ww) 4.31 3.44 4.35 0.24−31.61 5.19 6.31 0.15−39.07 0.0001
pp-DDE, op-DDT, pp-DDT (ppb ww) 3.65 2.73 3.77 0.03−31.38 4.59 5.91 0.10−38.51 b0.0001
Oxychlordane, t-nonachlordane (ppb ww) 0.47 0.53 0.87 0.02−10.44 0.40 0.38 0.02−2.72 0.0213
Mirex (ppb ww) 0.10 0.09 0.19 0.00−2.57 0.12 0.19 0.00−2.23 0.0435
HCB (ppb ww) 0.07 0.06 0.03 0.02−0.22 0.07 0.09 0.02−1.48 0.1133
β-HCCH, γ-HCCH (ppb ww) 0.12 0.12 0.16 0.01−1.13 0.12 0.18 0.01–1.77 0.8889

Note. ppb ww = parts per billion wet weight. Results with total PCBs and total pesticides are shown in bold, as are statistically significant differences at the level p b 0.05.
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3. After adjustment for other POPs, the positive associations between
PCBs and total lipids and triglycerides in African Americans were
found only for the highly chlorinated tri- plus tetra-ortho PCBs. Cau-
casians also showed a weaker but significant association of total
lipids with tri- plus tetra-ortho PCBs. Other PCB congener groups
did not show any significant and plausible association in either racial
group.

4. The highest serum concentrations among chlorinated pesticides
were observed for total DDT, but total DDT, mirex and HCCH did
not show any association with serum lipids after adjustment for
other POPs. HCB, present at low concentrations, had strong positive
associations with total lipids, total cholesterol, LDL cholesterol and
triglycerides in both racial groups after adjustment for other POPs.
Table 3
Results of multiple linear regression analysis of the associations between serum concentration
African Americans (AA). Statistically significant values are shown in bold.

Total PCBs

CA AA

Model 1 Model 2 Model 1

Total lipids β 0.05 0.03 0.05
SE 0.02 0.02 0.02
p-Value 0.0100 0.1312 0.0016

Total cholesterol β 0.04 0.03 0.03
SE 0.02 0.02 0.02
p-Value 0.0553 0.1885 0.0801

HDL cholesterol β −0.02 −0.00 0.01
SE 0.02 0.03 0.02
p-Value 0.4085 0.9688 0.5429

LDL cholesterol β 0.04 0.03 0.02
SE 0.03 0.03 0.02
P-Value 0.2003 0.3399 0.3493

Triglycerides β 0.10 0.04 0.10
SE 0.05 0.05 0.04
p-Value 0.0517 0.4320 0.0128

Notes: Separatemodelswere used to assess the relationships between total serumPCBs, pesticid
adjusted for age (aswell as age quadratic), gender, BMI, alcohol consumption, smoking and exer
for serum total pesticides not adjusted for total PCBs; note that the Bonferroni correction has n
quadratic), gender, BMI, alcohol consumption, smoking and exercising status and in addition t
PCBs.
Chlordane also showed a positive and significant association after ad-
justment for other POPs for triglycerides in Caucasians and total
lipids and triglycerides in African Americans.

We have found clear differences in serum lipid profiles in our two ra-
cial groups. Previously, based on NHANES II data, Chang et al. (2011) re-
ported that African Americans have higher HDL-cholesterol and lower
LDL cholesterol as well as triglycerides than do Caucasian Americans.
Similar results were published by Zatu et al. (2011) based on compari-
son of African and Caucasian populations in South Africa after stratifica-
tion by smoking status. Another study on weight loss in obese African
American and Caucasian adolescents (Budd et al., 2007) reported a
higher serum HDL-cholesterol as well as lower LDL-cholesterol and
s of PCBs and chlorinated pesticides with lipid fractions in Caucasian Americans (CA) and

Total pesticides

CA AA

Model 2 Model 1 Model 2 Model 1 Model 2

0.02 0.06 0.04 0.08 0.07
0.02 0.02 0.02 0.02 0.02
0.2391 0.0028 0.0322 b0.0001 0.0009
0.01 0.03 0.02 0.05 0.04
0.02 0.02 0.02 0.02 0.02
0.5654 0.0771 0.2765 0.0099 0.0478
0.00 −0.04 −0.04 0.03 0.02
0.02 0.02 0.02 0.03 0.03
0.8703 0.0502 0.0763 0.3384 0.4499
0.01 0.03 0.02 0.03 0.02
0.03 0.03 0.03 0.03 0.03
0.5972 0.3140 0.5922 0.3074 0.5049
0.05 0.14 0.12 0.16 0.14
0.05 0.04 0.05 0.05 0.06
0.3143 0.0022 0.0126 0.0009 0.0150

es and lipid fractions for CaucasianAmericans andAfrican Americans.Model 1— Estimates
cising status, but estimates for total PCBs are not adjusted for total pesticides and estimates
ot been applied to Model 1 results. Model 2 — Estimates adjusted for age (as well as age
otal PCB results adjusted for total pesticides, and total pesticides results adjusted for total



Table 4
Results of multiple linear regression analysis of associations between serum concentrations of PCB congener groups (number of ortho chlorines) and lipid fractions by racial group.

Mono-ortho PCBs Di-ortho PCBs Tri-/tetra-ortho PCBs

CA AA CA AA CA AA

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Total lipids β 0.05 −0.03 0.04 −0.05 0.05 −0.05 0.05 −0.18 0.05 0.07 0.06 0.20
SE 0.02 0.04 0.02 0.05 0.02 0.05 0.02 0.08 0.02 0.04 0.01 0.05
p-Value 0.0165 0.3482 0.0123 0.3069 0.0151 0.3963 0.0034 0.0240 0.0054 0.0443 b0.0001 0.0002

Total cholesterol β 0.04 0.00 0.02 −0.04 0.03 −0.05 0.02 −0.12 0.04 0.06 0.03 0.14
SE 0.02 0.04 0.02 0.05 0.02 0.06 0.01 0.08 0.02 0.04 0.02 0.05
p-Value 0.0486 0.9426 0.2167 0.4852 0.0763 0.3473 0.1153 0.1235 0.0320 0.1079 0.0206 0.0105

HDL cholesterol β −0.01 0.07 0.02 0.09 −0.02 −0.01 0.01 −0.08 −0.02 −0.03 0.01 0.01
SE 0.02 0.05 0.02 0.07 0.02 0.07 0.02 0.12 0.02 0.05 0.02 0.08
p-Value 0.7011 0.1431 0.3064 0.2096 0.4086 0.8331 0.5794 0.4745 0.4236 0.5197 0.7208 0.9285

LDL cholesterol β 0.04 0.01 0.01 −0.08 0.03 −0.10 0.02 −0.08 0.04 0.10 0.03 0.15
SE 0.03 0.06 0.02 0.07 0.03 0.09 0.02 0.12 0.03 0.06 0.02 0.08
p-Value 0.2009 0.7987 0.7874 0.2423 0.2619 0.2685 0.4225 0.4962 0.1018 0.0879 0.1346 0.0557

Triglycerides β 0.07 −0.16 0.08 −0.12 0.09 −0.07 0.09 −0.44 0.09 0.16 0.13 0.51
SE 0.05 0.09 0.04 0.12 0.05 0.13 0.04 0.21 0.04 0.09 0.04 0.14
p-Value 0.1191 0.0637 0.0584 0.3194 0.0671 0.5718 0.0222 0.0338 0.0309 0.0709 0.0010 0.0002

Model 1— Estimates adjusted for age (as well as age quadratic), gender, BMI, alcohol consumption, smoking and exercising status, but estimates for each PCB groups are not adjusted for
other PCB groups or for chlorinated pesticides. Bonferroni correction has not been applied; Model 2— Estimates adjusted for all covariates as in Model 1 and in addition adjusted for the
remaining two PCB groups and all chlorinated pesticides. Statistically significant values are shown in bold. p-Values that reversed sign inModel 2,which reflect excessivemulticollinearity,
are shown in italics.
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triglycerides among African American adolescents. Our study, in addi-
tion to these studies, shows that differences in serum lipid fractions in
African American and Caucasians exist and that these differences are
not dependent upon differences in age or BMI.
Table 5
Results of multiple linear regression analysis of the associations between serum concentration

DDT

CA AA

Model 1 Model 2 Model 1

Total lipids β 0.03 −0.03 0.07
SE 0.02 0.02 0.02
p-Value 0.0474 0.2144 b0.0001

Total cholesterol β 0.02 −0.02 0.04
SE 0.01 0.02 0.02
p-Value 0.2702 0.3158 0.0168

HDL cholesterol β −0.03 −0.01 0.02
SE 0.02 0.02 0.02
p-Value 0.0693 0.5197 0.3453

LDL cholesterol β 0.01 −0.01 0.02
SE 0.02 0.03 0.02
p-Value 0.5208 0.7195 0.3307

Triglycerides β 0.07 −0.07 0.14
SE 0.04 0.04 0.04
p-Value 0.0457 0.1098 0.0020

Mirex HCB

CA AA CA

Model 1 Model 2 Model 1 Model 2 Model 1

Total lipids β 0.03 0.01 0.06 0.03 0.26
SE 0.02 0.02 0.02 0.02 0.03
p-Value 0.1104 0.6039 0.0004 0.2531 b0.0001

Total cholesterol β 0.02 0.01 0.04 0.02 0.20
SE 0.02 0.02 0.02 0.02 0.03
p-Value 0.2784 0.7163 0.0177 0.3030 b0.0001

HDL cholesterol β −0.00 0.01 0.02 0.02 −0.10
SE 0.02 0.03 0.02 0.03 0.04
p-Value 0.9576 0.6730 0.5254 0.5433 0.0111

LDL cholesterol β 0.01 0.00 0.03 0.01 0.21
SE 0.03 0.03 0.03 0.03 0.05
p-Value 0.6010 0.9208 0.3097 0.8050 b0.0001

Triglycerides β 0.05 −0.00 0.11 0.02 0.56
SE 0.04 0.04 0.04 0.06 0.07
p-Value 0.2815 0.9895 0.0125 0.7878 b0.0001

Model 1 — Estimates adjusted for age (as well as age quadratic), gender, BMI, alcohol consump
Model 1 and in addition adjusted for all PCB groups and all remaining pesticide groups. Statist
reflect excessive multicollinearity, are shown in italics.
It is likely that genetic factors play an important role in these racial
differences, although behaviors like smoking and alcohol consumption
may also contribute (Chang et al., 2011). African Americans have higher
activity levels of lipoprotein lipase, which leads to lower triglyceride
s of chlorinated pesticides and lipid fractions by racial groups.

Chlordane

CA AA

Model 2 Model 1 Model 2 Model 1 Model 2

0.03 0.08 0.03 0.14 0.09
0.02 0.02 0.02 0.02 0.03
0.1909 b0.0001 0.2144 b0.0001 0.0056
0.02 0.05 0.00 0.07 0.03
0.02 0.02 0.02 0.02 0.03
0.3931 0.0074 0.8355 0.0005 0.4310
0.03 −0.04 −0.02 −0.01 −0.04
0.03 0.02 0.03 0.03 0.05
0.3691 0.0618 0.5124 0.8313 0.3517
0.02 0.04 −0.01 0.05 −0.00
0.03 0.03 0.03 0.03 0.05
0.6216 0.1451 0.8314 0.1130 0.9794
0.03 0.22 0.12 0.32 0.28
0.06 0.04 0.05 0.06 0.08
0.5628 b0.0001 0.0183 b0.0001 0.0009

HCCH

AA CA AA

Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

0.33 0.19 0.12 0.07 −0.05 0.08 −0.02
0.04 0.03 0.04 0.02 0.03 0.02 0.03

b0.0001 b0.0001 0.0011 0.0007 0.0780 b0.0001 0.4073
0.28 0.13 0.11 0.04 −0.07 0.05 −0.01
0.04 0.03 0.04 0.02 0.03 0.02 0.03

b0.0001 b0.0001 0.0049 0.0698 0.0163 0.0120 0.5860
−0.06 0.04 −0.11 −0.06 −0.04 0.03 0.07

0.05 0.04 0.06 0.02 0.03 0.03 0.04
0.2889 0.3250 0.0501 0.0133 0.2661 0.2984 0.0806
0.33 0.15 0.18 0.03 −0.09 0.03 −0.05
0.07 0.04 0.06 0.03 0.04 0.03 0.04

b0.0001 0.0005 0.0012 0.3705 0.0287 0.4116 0.2431
0.62 0.39 0.22 0.19 −0.01 0.18 −0.05
0.10 0.07 0.10 0.05 0.06 0.05 0.07

b0.0001 b0.0001 0.0226 b0.0001 0.9303 0.0009 0.4817

tion, smoking and exercising status; Model 2 — Estimates adjusted for all covariates as in
ically significant values are shown in bold. p-Values that reversed sign in Model 2, which
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levels (Sumner et al., 2005), whereas Caucasians have a higher activity
of hepatic lipase, which favors lower levels of HDL cholesterol (Vega
et al., 1998). There are well known racial differences in apolipoprotein
E polymorphisms (Eichner et al., 2002). In a literature review,
Hubacek and Vrablik (2001) suggest that 40–60% of the variation in
cholesterol concentrations and up to 70% of differences in effectiveness
of statin therapy are due to genetic factors. However, in spite of having a
“healthier” lipid profile, rates of cardiovascular disease are generally
higher in African Americans than Caucasian Americans (Roger et al.,
2012). There may also be significant dietary differences between the
races that impact serum lipid concentrations, but we did not have suffi-
cient information in our dataset to examine such differences.

In our study, the African American population had a significantly
higher concentration of PCBs in serum. One of the reasons could be
that African Americans live nearer to the Monsanto plant (Fig. 1), al-
though the map does not show a striking difference. There may also
be cultural differences in the consumption of local livestock, fish and
clay which contribute as a source of greater PCB exposure in African
Americans (Pavuk et al., 2010). Vapor-phase PCBs have been shown to
be elevated near the plant and decrease over distance from the
Monsanto facility (Hermanson et al., 2003). Spread of vapor-phase
PCBs would be influenced by wind direction. Children in Anniston
show a congener pattern that indicates inhalation as an important
route of exposure (Hermanson et al., 2006). The same volatile conge-
ners are present in adults, but the relative levels are less because of
the time-dependent accumulation of higher chlorinated congeners.
Thus, it seems likely that significantly higher serum PCB concentrations
in African Americans are due to a combination of differences in residen-
tial proximity to the plant and areas of higher PCB contamination, die-
tary intake of POPs and potentially genetic differences in the rates of
PCB metabolism and excretion.

Because there is no specific local site that is a source of the pesticides
we have studied, it is more likely that the difference in exposure be-
tween the races is a function of diet and eating habits. There may also
be racial differences in rates ofmetabolism of organochlorine pesticides.
Winoto et al. (2011) studied frequencies of certain polymorphisms of
cytochromes P450 2B6 and 2C19, and found the 2B6 polymorphism
more common in Caucasians, but the 2C19 polymorphism more com-
mon in African Americans. Since various P450s are the class of enzymes
responsible for xenobiotic metabolism, genetic differences could ex-
plain some of the variation in concentrations by race. Smoking results
in induction of cytochrome P450 1A2 that metabolizes PCBs (Kalow
and Tang, 1991), and thus smokers may have lower serum PCB concen-
trations than non-smokers. In our study, prevalence of smokers was
higher among Caucasian Americans, which can partially explain lower
serum concentrations of POPs.

Our study shows that not all PCBs have the same relationship to
serum lipid fractions, nor do all chlorinated pesticides act the same.
This is important because reports often provide information only on
total PCBs, frequently after measuring only a limited number of conge-
ners. Clearly, considering only the total concentration may obscure im-
portant relationships with various congener groups. With regard to the
serum lipids it appears that only the more heavily ortho-substituted
congeners influence lipid levels, and that this relationship is stronger
among African Americans than Caucasians. Among the chlorinated pes-
ticides, HCB—present at much lower concentrations than some of the
others like DDT—showed strong associations with serum lipids and
the relationships were, if anything, stronger among Caucasians.

4.1. Strengths and weaknesses

This study has the strength of relatively large numbers and approx-
imately equal numbers of African Americans and Caucasians. Exposure
status was evaluated objectively and comprehensively. We had control
over residential address, medication status and high quality measure-
ment of serum lipid components.
However, it also has somemajor limitations. The cross-sectional de-
sign does not allow for assessing causality. Theremay remain some con-
founding due to the fact that POPs are found in the lipid layers and
migrate together, and because of this it is difficult to clearly distinguish
relative influences on the lipid synthesis. We have attempted to control
for this multicollinearity by adjusting for all of the contaminants except
the oneunder examination in all of ourmodels, but this raises the risk of
overadjustment (Chapman et al., 2011). The dangers of overadjustment
are apparent in a few places where negative associations were found
that make no sense, while positive associations were found provided
we did not adjust for other contaminants. We also have no comprehen-
sive information on possible dietary differences as a function of race.

5. Conclusions

While our study shows that concentrations of PCBs and chlorinated
pesticides are associated with changes in levels of serum lipids, we also
found evidence that groups of POPs vary in their associations with
serum lipid fractions. In light of this finding, the common practice of
reporting only on total PCB concentration may conceal important rela-
tionships, such as how heavily ortho-substituted PCB congenersmay in-
fluence lipid levels, and how these relationships may vary based on
demographics or other factors. Measurement of specific pesticides re-
vealed that, in this sample, HCB concentration was strongly associated
with serum lipids, despite being present at lower concentrations than
some of the other pesticides.
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