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Abstract
Developmental exposure to polychlorinated biphenyls (PCBs) disrupts reproduction in animals.
Human data are lacking. We measured PCBs in preserved mothers' serum samples collected
during 1960-1963, 1-3 days after their daughters' birth. We recorded time to pregnancy (TTP) in
289 daughters 28-31 years later. PCB congeners 187, 156, and 99 in mother's serum were
associated with longer TTP in their daughters while PCB congeners 105,138 and 183 were
associated shorter TTP. Probability of pregnancy fell by 38% (95% CI 17%-53%) and infertility
was higher (30% not pregnant after 13 cycles vs.11% not pregnant after 13 cycles) among women
whose mothers had a higher proportion of PCB congeners associated with longer TTP (75th

percentile versus 25th percentile).This study demonstrates, for the first time, that developmental
exposure to PCBs may disrupt pregnancy in humans.
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1. Introduction
In 1986 Baird, Wilcox and Weinberg published a seminal paper proposing the use of
fecundability (probability of pregnancy in each cycle) as a sensitive marker to identify
reproductive hazards in humans. [1] The paper set forth a method for estimating
fecundability by measuring time to pregnancy (TTP), defined as the number of non-
contracepting cycles required to conceive a recognized pregnancy. The authors described the

Corresponding Author: Barbara A. Cohn, The Center for Research on Women and Children's Health, Child Health and Development
Studies, Public Health Institute, 1683 Shattuck Avenue, Suite B, Berkeley, California 94709, bcohn@chdstudies.org, 510-649-6390
(voice), 510-843-0747 (fax).
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Reprod Toxicol. Author manuscript; available in PMC 2012 April 1.

Published in final edited form as:
Reprod Toxicol. 2011 April ; 31(3): 290–296. doi:10.1016/j.reprotox.2011.01.004.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



biological meaning of TTP, noting that longer TTP may indicate a problem at one or more
of several stages of human reproduction including “gametogenesis, transport of gametes in
both and male and female reproductive tracts, fertilization, migration of the zygote to the
uterus, implantation and early survival of the conceptus”, p.471[1]

Hence the biological rationale for studying fecundability is to identify factors that increase
TTP and therefore could be considered hazardous at any of these stages. The method is
statistically powerful and also sensitive because it does not rely on identifying the specific
mechanism of effects. In essence, analysis of fecundability, estimated by TTP, is a powerful
screening tool to identify potential hazards to human reproduction, regardless of the
mechanism. [1]

Following the logic of Baird, Wilcox and Weinberg, in this paper we test the hypothesis that
in utero exposure to polychloriniated biphenyls (PCBs) increases TTP in humans. Prior
studies assessed PCB exposure near the time of conception and reported mixed results as
recently reviewed. [2-3] To our knowledge this is the first study to measure maternal
exposures in blood samples collected near delivery in relation to her daughter's TTP decades
later.

2. Material and Methods
2.1 Study Design and Participants

The study sample consists of women born between 1960 and 1963 in the Oakland,
California area, whose mothers were enrolled in the Kaiser Permanente Health Plan. These
women and their mothers were among participants in the Child Health and Development
Studies (CHDS), an investigation of prenatal determinants of infant, child, adolescent and
adult health. [4] Subjects were respondents to a follow-up study conducted in 1990-1991
[5-6] which investigated prenatal determinants of TTP. Women were ages 28-31 years (65%
participation rate after 30 years since their birth) when they completed a questionnaire on
the number of non-contracepting menstrual cycles that preceded their most recent
pregnancy; or the number of non-contracepting cycles during which they were at risk for
pregnancy even when pregnancy was not achieved. Women who did not plan their
pregnancies as well as women who did plan their pregnancies were included in the study as
long as they could report their TTP, reducing planning bias described in some previous
studies of TTP. [7] This report is based on the same 289 women in our previous report on
prenatal DDT exposure and TTP. [6] Details of the study sample are given below.

CHDS daughters born during 1960-1963 who resided in the San Francisco Bay area through
ages 15-17 (N=1,003) were eligible for this study if their mothers had reported information
on smoking during pregnancy (N=991). TTP data was originally collected for a study of
prenatal tobacco exposure conducted by one of us (P.S) for her dissertation research. Of
these 991 eligible women, 345 did not participate for the following reasons: no address,
N=117, no response to mail, N=197, deceased or institutionalized, N=7, refused, N=24.
There were 646 participants in the study (65% of 991 eligible), of which 357 were excluded
from analysis of TTP for the following reasons: respondent was never at risk for pregnancy
(N=163), respondent could not estimate TTP due to sporadic birth control use or birth
control failure (N=119), incomplete questionnaire (N=47), insufficient prenatal serum for
assays (N=18), younger sister (N=5), under age 16 at most recent pregnancy “attempt”
(N=5).

Women in the following categories were included in the present study whether or not they
had planned their pregnancy, as long as they could report TTP: women who omitted birth
control just once, women who became pregnant during an interval between birth control
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methods or after stopping birth control, women who became pregnant when breast feeding,
women who never used birth control, women who were attempting pregnancy after a prior
pregnancy, and women who never became pregnant, but had been at risk for pregnancy for a
known interval, whether or not they desired to become pregnant. Women were asked to
report their TTP for their most recent pregnancy in order to minimize recall errors. Among
the 289 women included in this report, 43% of women reported TTP for their first
pregnancy, 26% for their second pregnancy, 15% for their third pregnancy, 8% for their
fourth pregnancy, and 6% for their fifth or more, with 2% where gravidity before attempt
was unknown. Women reporting on time to first pregnancy include women who were at risk
for pregnancy, but failed to conceive.

In human observational studies where being at risk for pregnancy is not an experimental
condition, there are expected differences between women who can report TTP and women
who cannot. The two primary groups of women who are deleted from the TTP analysis are
women never at risk for pregnancy (N=163) and women who became pregnant and could
not answer about TTP (N=119). Compared to the analysis sample, women never at risk for
pregnancy had higher personal incomes, were much more likely to have never been married,
and were more highly educated and more likely to be Asian. Compared to the analysis
sample, women who used birth control sporadically and could not report their TTP were
more likely to be African American or Asian, slightly more likely to be never married,
somewhat better educated, but were similar to the analysis sample for personal income.
These differences result from personal, social and economic factors related to reproductive
behavior, and are not surprising. Our results apply to those women who were at risk for
pregnancy and could provide a TTP, including women who planned their pregnancies and
women who did not plan their pregnancies. This research was approved by the Institutional
Review Board of the Public Health Institute and study subjects gave informed consent.

2.2 Exposure Measurement
In utero exposure to PCBs among CHDS daughters was estimated by assays of serum
samples drawn during the early postpartum period from their mothers, within one to three
days of their delivery. PCBs have a long half-life and prior work has established stability of
organochlorine levels assayed across all trimesters of pregnancy and the early postpartum.
[8] Postpartum samples were used to conserve valuable archived serum samples drawn in
each trimester for future studies where timed samples are essential.

PCBs were assayed in the laboratory of Dr. Mary Wolff [9-11] using modifications of
methods developed previously by Brock and colleagues. [12] Briefly, a polar extraction of
serum lipids is followed by a column chromatographic clean-up and enrichment step, with
analysis by gas chromatography with electron capture detection. Limit of detection was
approximately 0.07 ng/mL for individual compounds based on three times the standard
deviation of the levels found in the lowest quality control plasma pool. [13] When the serum
pool and blanks were considered together, [14] the limit of detection was 0.01-0.1 ng/mL;
the instrumental limit of detection based on a peak-to-noise ratio of 3, was 0.01-0.03 ng/mL
for tetra- through hepta-chlorobiphenyls, using 1-1.5 mL plasma.

2.3 Statistical Analysis
The fecundability ratio (ratio of probability of pregnancy in each cycle, for daughters
exposed to higher versus lower PCB levels in utero) was estimated by a discrete analogue of
the Cox proportional hazards model. [15] A fecundability ratio greater than 1 indicates a
greater probability of pregnancy per cycle and therefore a shorter TTP; a fecundability ratio
less than 1 indicates a lower probability of pregnancy per cycle and therefore a longer TTP.
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Prior to any data analysis, PCB congeners were categorized by their functionality using a
previously suggested classification by Wolff et.al. [16] Group 1 consisted of congeners
detected in the CHDS serum samples that were considered to be potentially estrogenic and
persistent (PCB 101,187, 201). Group 2 consisted of congeners detected in the CHDS serum
samples that were considered to be potentially antiestrogenic, immunotoxic, dioxin-like:
Group 2A which are non-ortho or mono-ortho in their structure (PCB 66,
74,105,118,156,167) and Group 2B which are di-ortho and have more limited dioxin-like
activity (PCB138 and 170). Group 3 consisted of Phenobarbital, CYP1A and CYP2B
inducers (PCB 99, 153,180,203,183).

We assumed, a priori, that it would not be possible to estimate coefficients for all PCB
congeners entered into the model simultaneously due to limitations of sample size and
covariance of the congeners. For this reason we chose, a priori, a two step method.

The first step entered congeners with potentially opposing effects (estrogenic and anti-
estrogenic) in a single model in order to avoid overlooking any associations for estrogenic
compounds that might be confounded by the presence of correlated anti-estrogenic
compounds, and vice versa. The second step added all remaining congeners classified as PB,
CYP1A and CYP2B inducers in a single group by Wolff et. al.[16]. Details of these two
analysis steps are given below.

All models were adjusted for whether the daughter was breastfed (yes vs. no) to control for
postnatal PCB exposure and race (African-American vs. all other) to control for a known
source of confounding since we had previously observed both higher levels of
organochlorine compounds in African Americans and longer TTP. We initially omitted
lipids as adjustment variables based on an a priori decision to limit the number of
independent variables in the model. We later adjusted the final model for lipids to determine
whether they confounded PCB associations.

The rationale for entering individual congeners classified as estrogenic and anti-estrogenic
together in a single first step was to account for the possibility that the estrogenic and anti-
estrogenic congeners could mask each other's associations in models not mutually adjusted.
We further hypothesized that differing potencies, multiple biological effects, and varying
concentrations of individual congeners argue against creating summed variables within
categories. At the first step, we removed congeners that were not significant (significance
probability (p)>0.10) and checked whether removing these congeners from the model
changed the coefficients of the remaining congeners by more than 10 percent. Since
removing the non-significant terms did not affect the associations observed for the other
terms, we proceeded to add the third group (phenobarbital, CYP1A and CYP2B inducers) to
the model, entered as individual congeners. As for the prior step, we then removed non-
significant terms (p>0.10) and checked to see whether removing the non-significant terms
substantially changed the coefficients of the remaining congeners. In a prior report we found
evidence for effects of in utero exposure to 1,1,1-Trichloro-2,2-bis(p-chlorophenyl)ethane
(p,p′-DDT, the primary component of the pesticide, DDT) and 1,1′-Dichloro-2, 2′-bis(p-
chlorophenyl)ethylene (p,p′-DDE, the primary metabolite of p,p′-DDT) on TTP in this same
study population. [6] Therefore we also examined whether these variables altered observed
PCB associations by adjusting the final model for them. We note that the practice of
accounting for multiple compounds in the same analysis has been recommended since
exposure to mixtures is usual in natural animal and human populations. [17-18] The model
was further adjusted for the following maternal variables: age and body mass index (weight
in kg/(height in cm)2) and maternal lipids (triglycerides, cholesterol) to determine whether
these altered associations observed.
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A PCB score was defined, post-hoc, after identifying the PCB congeners that predicted TTP
and was composed of the ratio of the sum of congeners that were associated with longer
TTP to the sum of congeners that were associated with shorter TTP (sum of PCBs
187,156,99/ sum of PCBs 105,138,183). We constructed the PCB score to be positively
correlated to TTP based on the results of hypothesis testing for individual PCB congeners
(results shown in Table 2). The purpose of the post-hoc score was to summarize the TTP
observed in the study sample in association with various PCB mixtures. We focused on
longer TTP, because it is interpreted as a screen for reproductive hazards. [1] Kaplan-Meier
curves showing observed cumulative probability of pregnancy over thirteen menstrual
cycles by PCB score percentile were constructed. Predicted curves were derived from a
discrete analogue of the Cox proportional hazards model containing the PCB score and
anchored by the denominator of the PCB score, but otherwise unadjusted to facilitate
comparison to observed values for the cohort stratified by PCB score and also for the entire
cohort unstratified by PCB score. Predicted probability of pregnancy in each cycle was
calculated by evaluating the model at the median PCB score within the 25th percentile
observed in the analysis sample (0.38) compared to the median PCB score within the 75th
percentile of the PCB score (0.70). Observed and predicted cumulative probability of
pregnancy over thirteen menstrual cycles for daughters are plotted in Figure 1 for the 25th
and 75th percentile of the PCB score in mother's serum samples in order to display the net
effect of PCB exposures found in this study sample. A curve describing the cumulative
probability of pregnancy for the entire study sample, unstratified by PCB exposure, is also
plotted in Figure 1 for comparison to high and low values of the PCB score.

We also performed supplementary analysis, using linear regression, to determine whether
women who never conceived (nulliparas) had higher prenatal PCB exposure and longer
attempt times than women reporting on their first pregnancy (primiparas) or women
reporting on a higher order pregnancy (multiparas).

3. Results
PCBs were detected in all maternal serum samples (Table 1).

One potentially estrogenic congener (PCB187), four potentially anti-estrogenic congeners
(PCB105, PCB118, PCB156 and PCB138), and two congeners from among the
Phenobarbital, CYP1A, and CYB2B inducers (PCB99 and PCB183), and were retained as
significant predictors of TTP (see Methods for details). When we removed the non-
significant congeners (PCB101, PCB201, PCB66, PCB74, PCB167, PCB170 PCB153,
PCB180 and PCB203 and PCB118) there were no substantial changes in the size of
estimates for significant congeners. Adjustment for maternal lipids did not substantially
influence the magnitude or significance of PCB associations (Supplemental Table A).

The final model is shown in Table 2. In utero exposure to higher levels of PCBs 187, 156
and 99 was significantly associated with longer TTP. In contrast, in utero exposure to PCBs
105, 138 and 183 was associated with shorter TTP.

The PCB score, defined post hoc as the ratio of the sum of congeners associated with longer
TTP to the sum of congeners associated with shorter TTP, predicted longer TTP as expected
(Table 2, last row, see Methods for details). We do not provide significance probabilities (p-
values) for the score because it is a post hoc construction. Women in the analysis sample had
a considerable range of values for the PCB score, ranging from a median of 0.38 in the 25th
percentile of the PCB score to 0.70 in the 75th percentile of the PCB score, demonstrating
that mothers of our subjects showed substantial variability on the mix of PCB congeners
found in their prenatal serum.
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Additional adjustment for maternal age, and maternal body mass index and maternal p,p′-
DDT and p,p′-DDE did not substantially influence associations shown in Table 2 for the
PCB score (Details are found in Supplemental Table B) or for individual congeners (Details
are found in Supplemental Table C). The p,p′-DDT and p,p′-DDE associations with TTP
that we previously reported for this same study sample [6] remained after adjustment for
PCBS (Details are found in Supplemental Table B).

Women who failed to conceive (nulliparas) had significantly longer attempt times, higher in
utero exposure to PCB congeners associated with longer TTP, and a higher PCB score than
either primiparas or multiparas (Table 3). These findings are consistent with results from the
logistic model shown in Table 2).

Figure 1 summarizes the overall effects of developmental exposure to PCBs for the
daughters in our cohort. TTP increased and cumulative conception rates decreased for
women whose mothers were in the 75th percentile of the PCB score compared to the entire
study sample. In contrast, TTP decreased and cumulative conception rates increased for
women whose mothers were in the 25th percentile of the PCB score in maternal serum
compared to the entire study sample. The longer TTP and higher frequency of infertility
(percent who had not conceived by 13 cycles) was substantial for women whose mothers
were in the 75th percentile of the PCB score compared to the 25th percentile. We note that
these percentiles were based on scores observed in the analysis sample and therefore apply
to the women in our study. We also note that Figure 1 indicates that TTP estimated by the
model corresponds fairly well with observed TTP.

4. Discussion
We found that 1) Prenatal exposure to some PCB congeners was associated with longer
TTP; 2) Prenatal exposure to other PCB congeners was associated with shorter TTP; 3) The
ratio of these groups of congeners in prenatal serum showed considerable variability among
mothers in this study population; 4) The upper quartile of the ratio was associated with
longer TTP and increased frequency of infertility, compared to the lower quartile.

The findings of this study have broad relevance. PCB exposure continues globally due to
widespread soils contamination and bio-accumulation. More than two thirds of 1.2 million
tons of PCBs produced worldwide is either still in use or waiting for disposal, presenting a
significant, global, public policy challenge. [19] Recent studies document continuing
perinatal exposure to PCBs. [20] The PCB dilemma could be a model for other
contemporary persistent organic pollutants, particularly those that share structural
similarities with PCBS, such as polybrominated diphenyl ethers, PBDEs. [21-22]

The rationale for the study of developmental exposure to PCBs is based on animal studies
that suggest that PCB exposure during early development can disrupt adult reproductive
function. [18,23-24] Exposures in utero could affect reproduction and fertility through
multiple alternative mechanisms which operate during fetal life. Among the many potential
mechanisms are influences on the structure and function of the uterus or fallopian tubes as
was observed following prenatal exposure to the potent estrogen diethylstilbestrol [25];
impacts on oogenesis and cell death in the human ovary during fetal life that could alter the
size of the ovarian reserve in adult life and possibly the quality of the oocyte destined to
become the conceptus; [26] disturbance of maternal and therefore fetal thyroid function that
persists and later disrupts menstrual cycling and fertility in the daughter.[27] or disruption of
sexually dimorphic patterns in the hypothalamus-pituitary-gonadal axis during early
development. [23]
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Using a derived, post-hoc, score to describe net effects of PCB congener mixtures is crude,
but may be useful, given that PCB classification for the purpose of predicting effects in
human populations yields inconsistent results. It seems clear that the functional
classification we used is not sufficient for understanding the PCB effects that we observed.
PCBs in different functional classes had similar effects; PCB 187, and PCB 99 were both
associated with longer TTP, even though these were not originally classified together.
Moreover, some effects are contrary to expectations.

Given that dioxin activity is associated with reproductive toxicity, [18] we expected PCB
105 to be associated with longer TTP. Instead, PCB 105 was associated with shorter TTP.
This contradiction might be explained by anti-androgenic activity of PCB 105. [28] This
hypothesis is supported by our previous finding that in utero exposure to the potent anti-
androgen, p,p′-DDE, [29] was also associated with shorter TTP. [6] We had speculated that
this effect is explained by protection against germ cell loss in utero, due to antagonism of
androgen action. [6] In support of this hypothesis, in the present study we also observed
shorter TTP for in utero exposure to the di-ortho congener, PCB 138, which has also been
reported to have anti-androgenic activity. [30] However, it is unknown whether shorter TTP
is benign or is associated with other unexpected effects in the mother or subsequent
generations. A growing literature that endeavors to unravel the process of oogenesis and
folliculogenesis and their origins in utero [26,31] is likely to eventually shed some light on
whether shorter TTP is associated with health hazards for mother or offspring over the life-
course.

The substantial increase in TTP associated with PCB 187, classified as potentially
estrogenic, [16] is in accord with observations that estrogenic compounds interfere with
reproduction in females. [32] We note that PCB 99, which can also have estrogenic activity
[17], was also significantly associated with longer TTP. However, others have reported that
PCB 187 has anti-estrogenic activity.[33] Our results defy consistent classification,
providing further evidence that PCB exposures may have multiple and varying effects
depending on outcomes examined. [18] Moreover, it is unlikely that all biological effects of
PCB congeners and their metabolites are fully known. Future experimental studies may help
resolve the paradoxical findings we report in this study.

The hydroxylated PCB metabolite of PCB 187 (4-OH-CB 187) could have been the
underlying risk factor for the PCB 187 effects we observed. We recently reported substantial
levels of 4-OH-PCB 187 in maternal pregnancy serum in this study population and we also
observed that it was positively correlated with PCB 187. [34] 4-OH-CB 187 may interfere
with fetal thyroid metabolism [35] and has been shown to have anti-estrogenic properties,
[36-37] or may exert other undefined effects. The hydoxylated metabolite of PCBs 105 and
118, 4-OH-CB 107, which has been reported to show anti-estrogenicity in fish liver cell
culture [38] was also identified as a major OH-PCB congener in this population. In a pilot
assay study of CHDS maternal serum for OH-PCBs, (N=510, unpublished data) levels were
comparable to mothers residing near a PCB contaminated area in Slovakia. [39] These high
levels in the CHDS probably reflect the effects of bioaccumulation of PCBs in the1960's,
prior to the ban on manufacture. [40] The transfer of OH-PCBs from the maternal to fetal
compartment may be greater than for parent compounds,[41] suggesting that fetal exposure
to OH-PCB metabolites should be further investigated.

Chance remains an alternative explanation of study findings, despite fairly low p-values for
associations with individual congeners observed (Table 2). In addition, we note that our
results apply to the women for whom TTP could be calculated, a limitation in human studies
where many external characteristics are related to reproductive behavior, including
education, occupation, and cultural norms.
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We were unable to determine whether number of prior pregnancies modified associations of
prenatal PCB exposure with time to pregnancy due to sample size limitations. Since
pregnancy can reduce maternal body burdens of PCBs, it is possible that including
multiparas in our analysis may have biased estimates of effects of prenatal PCB exposure
downwards.

Time to pregnancy studies can be subject to several other types of bias. In this study, where
we asked women to recall TTP, recall errors are possible. However, women in our study
were interviewed close to the time of their pregnancies (ages 28-31 years) minimizing recall
errors. By including women in our study who became pregnant without planning, we have
reduced one important source of bias that could occur if unplanned pregnancies are
correlated both with in utero PCB exposure and TTP.[7] Our questionnaire probed women
to respond to TTP whenever possible, including cases of contraceptive failure or omission of
birth control, even if for only one cycle. In our study population there were 129 women of
289 who did not plan their most recent pregnancy. These women did not differ from
planners for the prenatal PCB score or its components. This finding suggests that bias due to
contraceptive practice is an unlikely explanation of our study findings. However, there were
still some women who could not report on their TTP and were therefore excluded from our
study, so we cannot rule out selection bias. We note that unmeasured sources of bias would
have to have very strong associations both with TTP and with in utero exposure to the
different PCB congeners in varying directions because some PCBs were positively
correlated with TTP and others were negatively correlated.

We cannot rule out the possibility that effects observed are explained by continuing
postnatal PCB exposure, although we did account for whether subjects were breastfed. The
effects we report could still have been due to exposure in infancy or childhood if maternal
pregnancy PCB levels reflect a continuing exposure source for their daughters after birth. It
is also possible that some other unmeasured exposures could co-vary with PCBs we
measured. These might include factors that are beneficial, or factors that are hazardous.
Dietary factors, such as fish consumption, that correlate with various PCB congeners could
be involved. It is also possible that host factors, related to selective exposure or retention of
the various PCBs, could explain the associations we observed.

Prior studies of PCB exposure in adult women, near the time of conception, vary in their
design and in their results. The existing literature is comprised of heterogenous study
designs and analytic methods. These include studies that measure exposure via recall of fish
consumption [42-44] and studies that measure exposure in serum samples typically collected
from adult women sometime after pregnancy or pregnancy attempts at various intervals
ranging from months to years.[45-47] Methods for defining or classifying PCB exposure
varies among the studies including investigation of only one measured congener, summing
total PCBs, investigation of several single congeners, and summing subgroups of congeners.
Analysis strategies usually did not include mutual adjustment for multiple congeners or
multiple congener classes and this has been suggested to be an important limitation of prior
studies.[48] Most studies were based on retrospective designs requiring recall of exposure
(dietary studies), or recall of TTP at various ages.[2] One prospective study of adult women
exposed to PCBs via contaminated cooking oil and where serum levels of PCBs were also
measured, reported no associations with inability to conceive for greater than one year or
fertility problems, although women did not report on time to pregnancies they had
conceived. [49] One other prospective study reported on serum pre-conceptual exposure to
PCBs in adult women who were planning pregnancy.[48] Although PCB associations were
not statistically significant, some PCB congeners were associated with shorter TTP and
others (estrogenic and anti-estrogenic groups) were associated with longer TTP. None of
these prior studies measured prenatal PCB exposure and are therefore not directly
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comparable to the present study, particularly if the fetal period represents a critical period of
vulnerability.

The stronger effect for developmental exposure, which we have observed in the present
study, is in keeping with animal and human studies where the fetus has been shown to be
more vulnerable than the adult. [18] For example, prenatal exposure to the synthetic
estrogen, diethylstilbestrol (DES), had greater consequences for daughters exposed in utero
than for their mothers who were exposed during pregnancy. [50]

Long-term and transgenerational follow-up studies in human populations will be required to
fully determine the public health significance of developmental exposures. Such studies are
especially important in light of the recent report that developmental PCB exposure could
result in transgenerational effects on reproductive regulation in animals. [51] Animal studies
of DES, [52] and the anti-androgen, vinclozolin [53] further support the concept that
developmental exposures can have transgenerational effects in subsequent, unexposed
generations. However, transgenerational effects in humans will be difficult to study. More
than 50 years of follow-up are required to observe at least four human generations. Existing,
long-term pregnancy cohorts are best suited to yield timely answers. Of particular concern is
whether altered TTP reflects altered thyroid, ovarian or neuro-endocrine function or
structural changes in the breast or other endocrine responsive organs with implications for
health conditions in midlife including obesity, diabetes, heart disease and breast cancer.

5. Conclusion
This study supports the hypothesis that in utero exposure to some PCB congeners may
impact human reproduction, either by increasing or decreasing time to pregnancy (TTP).
Until the consequences of shorter TTP are better understood, the findings regarding longer
TTP have more important public health significance. Longer TTP carries psychosocial as
well as clinical consequences for women and is a marker for reproductive hazard. Overall, in
this population, about one quarter of women were exposed to a mix of PCB congeners
before birth that predicted longer TTP and a reduced probability of conception thirty years
later. Whether these results are explained by chance, PCB exposure directly, underlying host
factors, or other exposures that co-vary with prenatal PCB exposure is not known.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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CHDS Child Health and Development Studies

DDT trade name of a pesticide used widely in the United States from 1945 to 1972
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p,p′-DDT 1,1,1-Trichloro-2,2-bis(p-chlorophenyl)ethane, the primary component of
DDT

p,p′-DDE 1,1′-Dichloro-2, 2′-bis(p-chlorophenyl)ethylene, the most persistent DDT
metabolite

95% CI 95 percent confidence interval

TTP Time to Pregnancy
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Figure 1. Predicted (lines) and observed (points) cumulative probability of pregnancy after 13
menstrual cycles for 289 daughters according to the PCB score measured in their mothers'
preserved serum, which was collected 1-3 days after the daughters were born
A low PCB score is defined as the 25th percentile observed in maternal samples (blue curves
at top of figure). A high PCB score is defined as the 75th percentile observed in maternal
samples (red curves at bottom of figure). Observed values for the entire sample are shown
by the middle curve (black open triangles). Definition of the PCB score, percentiles and
methods for drawing these curves are described in the text.
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Table 3
Mean number of cycles of unprotected intercourse and prenatal PCB exposure for
nuligravidas (women who failed to conceive) compared to women reporting on their first
pregnancy (primigravidas) and women reporting on higher order pregnancies
(multigravidas)

Mean

Nulligravidas
(N=54)

Primagravidas
(N=70)

Mutligravidas
(N=159)

A. Number of cycles at risk for pregnancy 6.50 3.87** 3.60**

B. Sum of pcbs 187,99,156 (ng/mL) 0.64 0.49* 0.43**

C. Sum of pcbs 105,138,183 (ng/mL) 1.03 0.92 0.86

D. PCB Score (Ratio of B. to C.) 0.62 0.54** 0.51**

*
p<0.05 for difference compared to nuligravidas

**
p<0.01 for difference compared to nuiligravidas

6 individuals are missing information about number of pregnancies
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