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Abstract
Polychlorinated biphenyls (PCBs) and some organochlorine pesticides, which continue to be
measurable in a high proportion of samples from the general population, have been found to alter
thyroid hormone levels in animals and humans. However, studies of these relationships in adult men
are limited and results across studies have been inconsistent. In the present study, we measured serum
levels of 57 PCB congeners, dichlorodiphenyldichloroethylene (p,p′-DDE, a stable metabolite of
DDT), and hexachlorobenzene (HCB), as well as free T4, total T3, and TSH, in 341 adult men
recruited from an infertility clinic from 2000-2003. In multivariate linear regression, there were
positive associations between p,p′-DDE and both free T4 and total T3, and an inverse association
between p,p′-DDE and TSH. Conversely, for PCBs there was only a suggestive inverse association
between PCB 153 and total T3 when potential confounding variables were considered. However,
when results were additionally adjusted for p,p′-DDE, inverse associations with T3 were significant
for PCB 138, PCB 153, sum of PCBs and three different PCB groupings, and HCB, while the positive
associations between p,p′-DDE and T3 also remained. In conclusion, serum concentrations of PCBs,
p,p′-DDE and HCB were associated with circulating thyroid hormone levels in adult men.
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INTRODUCTION
Thyroid hormones affect virtually every tissue in the human body (Vander et al. 1998), and an
imbalance in thyroid hormone levels can lead to a wide range of clinical conditions (Nussey
and Whitehead 2001). Although the consequences of sub-clinical changes in thyroid hormones
are currently not well understood (Boelaert and Franklyn 2005;Surks et al. 2004), factors
associated with any alteration in thyroid hormone levels are of concern. Several environmental
agents, most notably organochlorine pesticides and polychlorinated biphenyls (PCBs), have
been found to influence thyroid hormone activity and metabolism (Zoeller 2005; Qatani et al.
2005; Bogazzi et al. 2003).
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PCBs are a class of synthetic, persistent, lipophilic, halogenated aromatic compounds that were
widely used in industrial and consumer products for decades until the late 1970’s. As a result
of their extensive use and persistence, PCBs remain ubiquitous environmental contaminants.
The general population is exposed primarily through ingestion of contaminated foods (e.g.,
fish, meat, and dairy products), as PCBs bioaccumulate up the food chain. However, exposure
may also occur through dermal contact (soil and house dust) and inhalation (indoor air in
residential buildings and workplaces, as well as outdoor air). For example, in the 1960s-1970s
PCBs were used in sealants for commercial building construction, and high levels of PCBs
have been found to remain in the caulking of some public buildings which may lead to
contamination of indoor air and dust (Herrick et al. 2004).

Like PCBs, the organochlorine pesticides 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane
(DDT) and hexachlorobenzene (HCB) are no longer used in the US, but exposures still occur
due to their strong persistence in the environment. A major environmental and biologic
metabolite of DDT, 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (p,p′-DDE), is also of
concern for its toxicity in laboratory studies and because it is more persistent than DDT
(ATSDR 2002a). Pesticides can be especially persistent in indoor environments, and recent
studies have measured DDT and DDE in air and dust from US residences (Colt et al.
2004;Rudel et al. 2003). PCBs and organochlorine pesticides have long biological half-lives,
and can be measured in the body months or years after an exposure has occurred (Maroni et
al. 2000). As a result of their persistence and ubiquity, measurable levels of serum PCBs and
organochlorine pesticides are found in a high proportion of the general population (Longnecker
et al. 1997). Recently, the Second National Report on Human Exposure to Environmental
Chemicals (NHANES 1999-2000) found detectable levels of p,p,′-DDE in over 90 percent of
the general US population (CDC 2003).

There is much animal data on the potential for PCBs, p,p′-DDE and HCB to alter thyroid
hormones (ATSDR 2002a;2002b;2000). In addition, several human studies have investigated
associations between levels of these compounds in the body and thyroid hormone levels
(Takser et al. 2005;Schell et al. 2004;Bloom et al. 2003;Hagmar 2003;Pelletier et al.
2002;Hagmar et al. 2001a;2001b;Persky et al. 2001; Sala et al. 2000; Longnecker et al.
2000;Osius et al. 1999;Koopman-Esseboom et al. 1994;Emmett et al. 1988). However, study
populations have differed greatly and results have not been consistent across studies. The
present study was designed to investigate the association between serum levels of PCBs, p,p
′-DDE, and HCB and circulating levels of thyroxine (T4), triiodothyronine (T3) and
thyrotrophin (TSH) in adult men.

METHODS
Study subjects were men who were partners in subfertile couples seeking infertility diagnosis
from the Vincent Burnham Andrology lab at Massachusetts General Hospital in Boston
between January 2000 and May 2003. Consecutive eligible men between 20 and 54 years of
age who presented to the Andrology Laboratory were recruited to participate. Of those
approached, approximately 65 percent consented. Most men that declined to participate in the
study cited lack of time on the day of their clinic visit as the reason for not participating. The
study was approved by the Human Studies Institutional Review Boards of the Massachusetts
General Hospital, Harvard School of Public Health, and University of Michigan.

Thyroid Hormones and TSH
One non-fasting blood sample was drawn between 9 am and 4 pm. Blood samples were
centrifuged and serum stored at -80 °C until analysis. Free T4, Total T3, and TSH concentrations
were determined in serum by microparticle enzyme immunoassay using an automated
immunoassay system (AxSYM, Abbott Diagnostics, Abbott Park, IL USA). The assay
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sensitivity for free T4 and total T3 were 0.01 ng/dL and 0.15 ng/mL, respectively. The interassay
CVs for both hormones were less than nine percent. For TSH, the ultrasensitive hTSH II assay
was used with a functional sensitivity of 0.03 micro-international units per liter (μIU/L), and
interassay CVs of less than eight percent.

Serum PCB, p,p′-DDE and HCB
Measurement of PCBs, p,p′-DDE and HCB in serum was conducted by the Organic Chemistry
Analytical Laboratory, Harvard School of Public Health, and has been described previously
(Hauser et al. 2003). Briefly, serum extracts were analyzed by gas chromatography with
electron capture detection (GC/ECD) and quantified based on the response factors to an internal
standard. Target analytes included 57 individual PCB congeners, p,p′-DDE, and HCB. Since
PCB, p,p′-DDE and HCB partition according to the lipid content of tissues, and serum lipid
levels vary between fasting and non-fasting states, a correction for serum lipids is needed for
the valid interpretation of serum levels (Phillips et al. 1989). Thus, levels were also reported
after standardizing for serum lipids as units of ng/g total lipids to allow for comparison with
other studies. Percent lipid was measured for each serum sample gravimetrically by weighing
an aliquot of sample extract evaporated to dryness.

Method detection limits (MDL) were determined as recommended by the US Environmental
Protection Agency (EPA 1984). The MDL values for all PCB congeners were <0.05 ng/g, with
most of the congeners <0.01 ng/g. The MDL for p,p′-DDE was higher because unfortified
serum had high p,p′-DDE concentrations at 6.3 ng/g.

Statistical Analysis
Data analysis was performed using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA). We
chose to explore the relationship between thyroid hormones and three individual PCB
congeners (PCBs 118, 138, and 153), as well as ΣPCBs. Analyses using the other individual
PCB congeners were not conducted. In addition, an analysis of the relationship between thyroid
hormones and groupings of PCBs was conducted based on structural and biological activity
as previously proposed (Wolff et al. 1997). PCBs were grouped as follows: group 1, potentially
estrogenic and weak phenobarbitol inducers (congeners 44, 49, 52, 101, 187, 174, 177,
157/201); group 2, potentially antiestrogenic and dioxin-like (congeners 95/66, 74, 77/110,
105/141, 118, 156, 167, 128, 138, 170); and group 3, Phenobarbital, CYP1A, and CYP2B
inducers (congeners 99, 153, 180, 196/203, 183). Relationships between thyroid hormones and
p,p′-DDE and HCB were also explored.

Multivariate linear regression was used to explore relationships between thyroid hormones and
serum concentrations of PCBs, p,p′-DDE and HCB. The use of serum levels of lipophilic
compounds standardized by serum lipids (by dividing serum concentration of the compound
of interest by serum lipids) as an independent variable in epidemiologic models was recently
shown to be highly prone to bias (Schisterman et al. 2005). Thus, we regressed thyroid hormone
concentrations on wet weight serum levels of PCBs, p,p′-DDE and HCB and adjusted for serum
lipids as a covariate. This non-standardized but ″adjusted″ approach displayed the least
susceptibility to bias in most scenarios within a large simulation study (Schisterman et al.
2005). Concentrations of T4 and T3 closely approximated normality and were modeled
untransformed, while the distribution of TSH concentration was transformed using the natural
logarithm (ln) for statistical analyses. Serum PCB, p,p′-DDE and HCB concentrations were
also ln-transformed in the statistical analysis. Inclusion of covariates (those under consideration
included age, race, BMI, smoking, and timing of blood sample by season and time of day) was
based on statistical and biologic considerations (Kleinbaum et al. 1998). To improve
interpretability, the regression coefficients were back-transformed and expressed as a change
in hormone levels for an interquartile range (IQR) increase in serum PCB or pesticide levels.
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For T4 and T3 (which were not ln-transformed) this was determined as the difference between
the regression coefficient (which represented a change in thyroid hormone corresponding to
an ln-unit change in contaminant level) multiplied by the ln-transformed 75th percentile
contaminant concentration and the regression coefficient multiplied by the ln-transformed
25th percentile contaminant concentration. For TSH (which was ln-transformed), this was
determined by dividing the 75th and 25th percentile concentrations followed by exponentiation
of the resulting value to the power equal to the regression coefficient. In secondary sensitivity
analyses, we assessed non-linear relationships by regressing the hormones on quintiles of
exposure while adjusting for other covariates of interest.

RESULTS
Of the 358 men with PCB, p,p′-DDE and HCB measured in serum, we also had thyroid hormone
and TSH levels in all but two of the men. In addition, fifteen subjects taking hormone
medications were excluded. Among the remaining 341 subjects, the majority were white (84%)
and had never smoked (72%). The mean (SD) age and BMI were 36 (5.3) years and 28 (5.1),
respectively. The PCB congeners of interest, along with p,p′-DDE and HCB, were above the
MDL in all samples. Distributions of lipid standardized and unadjusted (wet weight)
concentrations of PCBs, p,p′-DDE and HCB are presented in table 1, and distributions of the
thyroid hormones and TSH measured in serum are presented in table 2.

p,p′DDE was moderately correlated with HCB and individual PCB congeners and groupings
(Spearman correlation coefficients (r) ranged from 0.4 to 0.5; p-values < 0.05), while
correlations between PCB congeners were high (r=0.6 to 0.8; p-values < 0.05). Age was
inversely associated with both T4 and T3 (r = -0.23 and -0.18, respectively; p-values <0.05),
while BMI was positively associated with TSH (r = 0.14; p-value < 0.05). Serum lipids were
associated with BMI (r = 0.34), free T4 (r = -0.17), TSH (r = 0.14) and wet weight concentrations
of all environmental compounds of interest (r ranged from 0.32 for p,p′-DDE to 0.43 for HCB;
all p-values <0.05). Current smokers had higher median concentrations of total T3 but lower
concentrations of TSH (1.07 ng/mL T3 and 1.1 μIU/mL TSH, respectively) than former (0.98
ng/mL and 1.4 μIU/mL) or never (0.96 ng/mL and 1.5 μIU/mL) smokers (p-values < 0.05 in
students t-test). Samples collected in winter had median T4 concentrations slightly lower than
those collected in spring, summer or fall (1.2 versus 1.3 ng/dL; p-value < 0.05). For the
environmental compounds of interest, some of the demographic variables were associated with
serum concentrations. Age was associated with serum concentrations of all compounds, with
Spearman correlation coefficients ranging from 0.15 for HCB to 0.47 for Group 3 PCBs (all
p-values < 0.05). Median wet weight ΣPCB concentrations were slightly lower in blood
samples collected in the morning (0.98 ng/g serum) than those collected in the afternoon (1.09
ng/g; p-value < 0.05). Median PCB 118 concentrations were higher in samples collected in the
winter (0.068 ng/g serum) compared to spring, summer or fall (0.054 ng/g; p-value < 0.05),
and the median concentration of HCB was slightly higher in current smokers (0.092 ng/g
serum) than nonsmokers (0.073 ng/g; p-value < 0.05).

For lipid-standardized serum concentrations, median p,p′-DDE concentrations were also
slightly higher in blood samples collected in the morning (208 ng/g lipid) than those collected
in the afternoon (198 ng/g lipid), but unlike the unadjusted (whole weight) analysis medians
did not differ by smoking status and PCB 118 levels did not vary by season.

Results from bivariate (crude) and multivariate (adjusted) regression are presented in table 3.
All regression coefficients in table 3 were adjusted for serum lipids as an independent variable
(Schisterman et al. 2005). Many of the crude regression coefficients differed from coefficients
that were adjusted for age, BMI, smoking and time of day blood sample was collected. In the
crude results, PCB 138, PCB 153, ΣPCBs, and all three PCB groupings were inversely
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associated with total T3 and had similar coefficients. When the results were adjusted for the
covariates of interest, only a suggestive inverse association between PCB 153 and total T3
remained, where an IQR increase in PCB 153 was associated with a 2.54 percent decline in
total T3, (95% confidence interval [CI] -5.56% to 0.48%). Conversely, p,p′-DDE was
associated with increased free T4 and total T3, and inversely associated with TSH in the adjusted
results. Based on the median values of these hormones (1.25 ng/dL, 0.96 ng/mL and 1.44 μIU/
mL, respectively), an IQR increase in p,p′-DDE was associated with a 2.89 percent increase
in T4 (95%CI 0.37% to 5.48%), a 3.47 percent increase in T3 (95%CI 1.16% to 5.88%), and a
7.65% decline in TSH (95%CI -14.4% to -0.46%).

When multiple regression models for p,p′-DDE and thyroid hormones were also adjusted for
serum levels of HCB and PCBs, the previously observed associations remained and effect
estimates for p,p′-DDE were stable. On the other hand, when multiple regression models for
HCB, PCBs and total T3 were adjusted for serum levels of p,p′-DDE, effect estimates for HCB
and PCBs became stronger (table 4). For example, the coefficient for PCB 153 in the adjusted
model was -0.024 ng/mL (table 3), equivalent to a 2.5 percent decline in total T3. When p,p′-
DDE was added to the model, the coefficient became -0.038 ng/mL (Table 4), equivalent to a
4.0 percent decline in total T3 (95%CI -7.0 to -0.9%). Despite the moderate correlation between
p,p′-DDE and HCB or PCBs there was no evidence of collinearity (i.e. standard errors and
95% confidence intervals did not become inflated). When an interaction term for p,p′-DDE
and HCB or PCBs (e.g., p,p′-DDE*HCB) were also added to the models there was no evidence
of interaction. Lastly, results of the quintile analyses are presented in figures 1 and 2. Several
but not all observed relationships were monotonic as serum contaminant levels increased.
However, there was still suggestive evidence of dose-response trends among the associations
that did not appear to be monotonic.

Because most studies standardize contaminant concentrations for lipid content prior to
analyzing the data, we conducted a secondary analysis using lipid-standardized values in the
multivariate models. Overall results were similar to those presented, although a few of the
associations were slightly weaker (results not shown). These slight differences may reflect the
introduction of additional measurement error when using lipid-standardized values.

DISCUSSION
In the present study we found inverse associations between total T3 and serum levels of HCB,
PCB 153, and all PCB congener groupings (ΣPCBs, estrogenic PCBs, dioxin-like PCBs, and
CYP inducing PCBs) when also taking into account each individual′s p,p′-DDE concentration.
We also found that p,p′-DDE was associated with increased free T4 and total T3, and inversely
associated with TSH. Studies on adverse health effects associated with small changes in thyroid
hormones in humans are limited (Boelaert and Franklyn 2005;Surks et al. 2004), and the
changes found in the present study may not be clinically important at the individual level.
However, due to the pervasiveness of exposure to these compounds there may be consequences
related to small changes in thyroid hormone levels among entire subsets of the population.

Serum levels of environmental chemicals in the present study were comparable to those
reported in the most recent Third National Report on Human Exposure to Environmental
Chemicals (CDC 2005). In samples collected from US males age 12 and older in years
2000-2001, lipid standardized p,p′-DDE had a median of 245 ng/g lipid compared to a median
of 204 ng/g lipid in the present study. Likewise, lipid adjusted PCB 138 and PCB 153 had
median levels of 20.1 ng/g lipid and 28.5 ng/g lipid in males from the Third National Report
compared to 14.3 ng/g lipid and 18.1 ng/g lipid in the present study, respectively. HCB was
measured in less than 5 percent of samples in the Third Report, so the distribution could not
be compared with that in the present study.
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Findings from previous human studies have been conflicting. Human studies on PCBs and
thyroid hormones are rather numerous, while studies of p,p′-DDE and thyroid hormones are
limited. Studies in men on the relationship of thyroid hormones with both PCBs and p,’p-DDE
is limited. Consistent with our results, a small study among 16 obese men that underwent a 15-
week weight loss program reported that T3 levels were significantly and inversely related to
plasma concentrations of several PCB congeners and HCB (Pelletier et al. 2002). The
associations for PCBs remained after adjusting for confounding by weight loss, as weight loss
is independently associated with decreased T3 and with increased concentrations of lipophilic
compounds, such as organochlorines, that are released from adipose tissue during fat
mobilization which leads to increased concentrations in circulating blood. Conversely, a study
of 110 Swedish fishermen reported no associations between PCBs, HCB, DDT or p,p′-DDE
and thyroid hormones (Hagmar et al. 2001a), while a study of 178 U.S. men that had fished in
the Great Lakes reported an inverse association between PCBs and total T4 but no association
with total T3 (Persky et al. 2001).

Although relationships between these compounds and thyroid status in children, women, or
pregnant women may not be comparable to results in men, we briefly describe this literature
since it represents the majority of studies in humans. Consistent with our results was a recent
Canadian study of 149 pregnant women found a significant inverse relationship between low,
environmental levels of HCB, PCB 153 and ΣPCBs in plasma and total T3, but no associations
with free T4 and TSH (Takser et al. 2005). Likewise, inverse associations between PCBs and
T3 levels were also previously observed in the wives of Swedish fishermen (Hagmar et al.
2001b) and in German schoolchildren (Osius et al. 1999), while another study among Dutch
women reported an inverse association with T3 that was also accompanied by an inverse
association with T4 and a positive association with TSH (Sala et al. 2001). Other studies have
reported an inverse association between PCBs, and T4 and/or a positive association between
PCBs and TSH, with no association between PCBs and total T3 (Schell et al. 2004;Hagmar
2003;Persky et al. 2001;Emmett et al. 1988), while another reported no associations between
PCBs and thyroid hormones among 160 neonates from North Carolina from 1978 to 1982
(Longnecker et al. 2000).

Our observation of an association between p,p′-DDE and increased free T4 and total T3, and
decreased TSH, appears to be unique. Inconsistent with our findings were results from two
other human studies that found no associations between p,p′-DDE and thyroid hormones in
adult men (Hagmar et al. 2001a;Persky et al. 2001). Also inconsistent with our results but
consistent with what they reported for HCB and PCBs, Takser et al. (2005) found an inverse
association between p,p′-DDE and total T3 with no associations between p,p′-DDE and free
T4 or TSH in pregnant women. Based on the limited amount of available human data, the
association between p,p′-DDE and thyroid hormones needs to be explored in other
epidemiologic studies to support or refute our findings.

No association between HCB and thyroid hormones was reported in one study among Swedish
fishermen (Hagmar et al. 2001a), while several other human studies have reported associations.
A study among 608 adults in Spain living near an organochlorine factory that produced HCB
found a significant inverse association between serum HCB levels and total T4 (Sala et al.
2001). Total T3 levels were not measured in the study. Interestingly, however, they found no
associations between HCB and free T4 or TSH. Using preliminary data from 66 men in the
New York State Angler Cohort Study, Bloom et al. (2003) also reported an inverse relationship
between serum HCB levels and total T4. The study did not measure free T4, total T3 or TSH.
In addition, as described earlier, inverse associations between plasma HCB levels and total
T3 were reported in obese men following participation in a weight loss program (Pelletier et
al. 2002) and among pregnant women (Takser et al. 2005). Finally, although animal (rat) studies
on HCB and thyroid function primarily show declines in T4 and increases in TSH (ATSDR
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2002b), a study among hamsters dosed with HCB found a marked decrease in T3 levels (and
significant increase in sodium iodide uptake) while T4 levels remained unchanged (Smith et
al. 1987).

There are several postulated mechanisms for the effect of PCBs and organochlorine pesticides
on thyroid hormone levels. For example, PCBs may activate the nuclear receptor constitutive
androstane receptor (CAR) which in turn induces enzymes involved in thyroid hormone
metabolism, including uridine 5′-diphosphate-glucuronosyltransferase (UGT) and
sulfotransferase (SULT). This may lead to increased hepatic metabolism of thyroid hormones
and altered levels of thyroid hormones (Qatanani et al. 2005). Environmental contaminants
may also affect the binding of thyroid hormones to thyroid receptors, resulting in an alteration
in the expression of genes sensitive to thyroid hormones (Bogazzi et al. 2003). This may then
affect thyroid hormone metabolism and alter circulating thyroid hormone levels. However,
these mechanisms are most likely to manifest as altered T4 and TSH levels due to compensatory
production/secretion of T4 or TSH to maintain homeostasis. The majority of T3 in humans is
derived from the enzymatic removal of an iodine atom from T4 by deiodinases (Vander et al.
1998;Nussey and Whitehead 2001), signifying that a decrease in T3 should also be
accompanied by a decrease in T4. Also, altered thyroid hormone levels give rise to increased
or decreased TSH secretion from the anterior pituitary through negative feedback, so studies
that observe altered levels of thyroid hormones should also see inversely altered levels of TSH.
Thus, the results reported for PCBs and HCB in the present study suggest an alternative
mechanism that affects T3 in a more isolated manner.

It is now thought that environmental chemicals have very complex interactions with the thyroid
hormone receptor, producing complex effects on hormone signaling (Zoeller 2005). Thus, it
is reasonable that mechanisms explaining the inverse association of HCB and PCBs with total
T3, but which were not accompanied by associations with T4 or TSH, are unclear at this time.
Takser et al. (2005) discussed several potential but unproven mechanisms in an attempt to
explain the independent inverse associations of T3 with PCBs and organochlorine pesticides,
namely that they may affect the deiodination of thyroid hormones by inducing or increasing
type 3 deiodinase expression leading to increased T3 degradation; or, due to their structural
similarities to thyroid hormones, these environmental contaminants may bind to thyroid
hormone binding proteins (thyroid-binding globulin, transthyretin, and/or albumin) which may
ultimately alter circulating T3 levels. Our findings that p,p′-DDE was associated with increased
T4 and total T3, but decreased TSH, may suggest a reverse effect of DDT or p,p′-DDE on one
or more of these mechanisms, such as inhibition of deiodinase activity. More studies involving
PCBs and organochlorine pesticides and these potential pathways are needed for a better
understanding of how these chemicals may affect thyroid hormone levels in humans. Similar
to the study by Takser et al. (2005), a limitation of the present study was the measurement of
only free T4, total T3 and TSH. Future studies should also measure total T4 and free T3 levels
which may provide additional mechanistic clues.

In conclusion, we found inverse relationships between total T3 and PCBs and HCB in adult
men, results which were consistent with recent studies among obese men and pregnant women
as well as earlier studies of fishermen′s wives and schoolchildren. However, these results are
inconsistent with a number of other human studies that reported associations with only T4 and/
or TSH, or found no associations with any thyroid hormones. In contrast, we found p,p′-DDE
was associated with increased free T4, increased total T3 and decreased TSH, findings which
have not been reported elsewhere in previous studies. Future studies should aim to elucidate
these associations.
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Figure 1.
Regression coefficients (diamonds) and 95% confidence intervals for a change in total T3
associated with increasing quintiles of selected PCBs (PCB 153 and ΣPCB) or HCB in serum.
Adjusted for serum lipids, log-transformed p,p′-DDE, age, BMI, smoking and time of blood
draw.
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Figure 2.
Regression coefficients (diamonds) and 95% confidence intervals for a change in free T4 or
total T3 associated with increasing quintiles of serum p,p′-DDE. Adjusted for serum lipids,
age, BMI, smoking and time of blood draw.
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Table 4
Adjusted† regression coefficients (95% CI) for change in Total T3 associated with an interquartile range increase
in serum contaminant levels when also adjusted for p,p′-DDE concentration. N=341.

Analyte Analyte Coefficient (95% CI) p,p′-DDE Coefficient (95% CI)

PCB118 -0.020 (-0.053, 0.015) 0.038 (0.014, 0.062)**
PCB138 -0.032 (-0.061, -0.003)** 0.041 (0.018, 0.064)**
PCB153 -0.038 (-0.067, -0.008)** 0.041 (0.018, 0.065)**
ΣPCB -0.034 (-0.066, -0.004)** 0.039 (0.016, 0.062)**
Group1 -0.028 (-0.055, -0.002)** 0.041 (0.018, 0.065)**
Group2 -0.033 (-0.065, -0.002)** 0.039 (0.016, 0.062)**
Group3 -0.032 (-0.062, -0.001)** 0.037 (0.014, 0.060)**
HCB -0.034 (-0.062, -0.005)** 0.042 (0.018, 0.066)**

*
p<0.1

**
p<0.05

†
Adjusted for p,p′-DDE concentration, serum lipids, age, BMI, current smoking, and time of blood draw (morning vs. afternoon).
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