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Abstract

Background: Studies on maternal exposure to polychlorinated biphenyls (PCBs) reported
inconsistent findings regarding birth weight: some studies showed no effect, some reported
decreased birth weight, and one study found an increase in weights. These studies used different
markers of exposure, such as measurement of PCBs in mothers, or questionnaire data on fish
consumption, as an approximation of exposure. Additionally, maternal exposures may also
include dichlorodiphenyl-dichloroethylene (DDE), which are related to PCB exposure and may
interfere with the PCB effect, were rarely taken into account.

Methods: Between 1973 and 1991, the Michigan Department of Community Health conducted
three surveys to assess PCB and DDE serum concentrations in Michigan anglers. Through
telephone interviews with parents, we gathered information on the birth characteristics of their
offspring, focusing on deliveries that occurred after 1968. We used the maternal organochlorine
(OC) measurement closest to the date of delivery as the exposure. Although one mother may
have contributed more than one child, serum concentrations derived from measurements in
different surveys could vary for different children from the same mother. The maternal DDE and
PCB serum concentrations are categorized as follows: 0 -<5 pg/L, 5-<15 ng /L, 15-<25 pg/L,
>25 pg/L. Using repeated measurement models (Generalized Estimation Equation), we estimated
the adjusted mean birth weight controlling for gender, birth order, gestational age, date of
delivery, and maternal age, height, education, smoking status.

Results: We identified 168 offspring who were born after 1968 and had maternal exposure
information. We found a reduced birth weight for the offspring of mothers who had a PCB
concentration 225 pg/L (adjusted birth weight=2,958 grams, p=0.022). This group, however, was

comprised of only seven observations. The association was not reduced when we excluded



preterm deliveries. The birth weight of offspring was increased in women with higher DDE
concentrations when controlling for PCBs; however, this association was not statistically
significant.

Conclusion: Our results contribute to the body of evidence that high maternal serum PCB
concentration may reduce the birth weight in offspring. However, only a small proportion of

mothers may actually be exposed to PCB concentrations 225 ug/L.



Background

Polychlorinated biphenyls (PCBs) and dichlorodiphenyl-dichloroethylene (DDE) are
ubiquitously distributed environmental contaminants. Due to their lipophilic properties and the
low rate at which they are metabolized, organochlorines (OC) such as PCBs and DDE are
biomagnified in the food chain and bioaccumulated within individuals [1]. Both PCBs and DDE
have long half-lives; for DDE it is longer than seven years; for different PCB congeners their
half-life ranges between 1 and 71 years [2-5]. The compounds of PCBs and DDE can cross the
placenta; hence, the developing human fetus of an exposed mother is considered to be at a high

risk of being exposed to PCBs and DDE [6, 7].

Birth weight is considered to be a predictor of a variety of adverse developments in childhood
and beyond, including poor school performance, high blood pressure, cardiovascular disease, and
depression [8-12]. Thus, it is important to assess whether exposure to PCBs and DDE may
contribute to reduced birth weight. Investigations of PCB and DDE exposure and birth weight
have produced inconsistent results. However, these studies measured exposure differently: some
studies determined PCB or DDE concentrations from maternal blood [13-18], cord blood [13,
14], placenta [19], or human milk samples [20-25]. Others measured exposure using
consumption of contaminated fish or cooking oil [13, 26-29], place of residence [30-32], or type

of occupation, as an indicator of toxicant body burden [31, 33].

Of the four studies that investigated regional or occupational exposure categories and PCB
exposure, two were based on the frequency of low birth weight (LBW) as the outcome [31, 32]

and two compared mean birth weight [30, 33]. Three of the four reports indicated an adverse



effect of PCB exposure. Of the five research projects that employed fish consumption or
contaminated cooking oil as an indicator of PCB exposure, two found a decreased mean birth
weight [13, 29], one a higher frequency of LBW [27], one no association [28], and one an
increase in birth weight [26]. A limitation of projects that used aggregative categories to indicate
exposure, such as region, occupation, and fish or contaminated cooking oil consumption, is that
they cannot disentangle the effects of different organochlorines such as PCBs and DDE. Of the
six studies that analyzed breast milk as an approximation of intrauterine exposure to either DDE
or PCBs, two found no effects of exposure to DDE or PCBs [21, 24], one no association with
PCBs [22], one a higher incidence of low birth weight with PCBs in girls only [20], and two a
decreased birth weight related to DDE exposure [23, 25]. In summary, the five exposure
approximations above (region, occupation, fish or contaminated cooking oil consumption, and
breast milk) reveal conflicting evidence for PCBs: seven studies found an adverse effect,

whereas five did not.

Studies that assessed PCB or DDE exposure from maternal, cord blood or placentas have more
consistent findings. Four out of five studies on PCBs reported an adverse effect on birth weight
[13-15, 19]; one did not [16]. Two other studies focused on DDE and reported a decrease in
birth weight [17, 18, 23]. In some investigations of organochlorine contaminations, a limitation
is focusing solely on one or a group of chemicals (for instance DDE or PCBs). Since we know
that in humans the concentrations of different organochlorines are correlated [34, 35], it is

possible, that the negative effect attributed to DDE is in fact due to PCBs, or vice versa.



Another line of inquiry has suggested that DDE exerts estrogenic effects [36-38]. Maternal
estrogens during pregnancy have been shown to increase birth weight [39]. Hence, it is plausible
that DDE may increase birth weight. The DDE effect, however, may be missed or masked by a

possible opposite effect of PCBs if exposures are not separated in the analysis.

Taking the above considerations into account, we will focus on maternal serum levels and
exposures to DDE and PCBs separately. Our hypotheses are: PCBs decrease birth weight; DDE

increases birth weight.

People who consume a diet with a high percentage of fish, such as sport fishermen and their
families, are considered to be at greater risk of PCB and DDE exposure than the general
population, for example, people living in the Great Lakes region [40-42]. For this reason, fish-
eaters and their families have been the focus of many environmental and epidemiological studies.

For this study we used the Michigan fish-eater cohort to test our hypotheses.

Methods

Study Sample

Between 1973 and 1991, the Michigan Department of Community Health conducted three
surveys to assess the serum concentration of PCBs and DDE in Michigan anglers (Great Lakes
Fish Eater Study, GLFS) as described in several reports [41, 43, 44]. We were interested in
births that occurred after 1968 in this cohort of anglers. A total of 310 female cohort members
were of reproductive age after 1968 (maximum age of 45 years) and had serum organochlorines

concentrations determined between 1973 and 1991. In the year 2000, we approached this cohort



again. Through telephone interviews, we gathered information on birth characteristics of their
offspring including birthweight. When interviews were scheduled, the subjects were encouraged
to have their documents (birth certificates, hospital address, etc.) on hand for the appointed

interview.

Additionally, in order to check the reliability of the birth weight information, we compared these
parental reports with birth registry data in a subsample of female offspring who participated in an
additional follow-up study. The study was approved by the boards reviewing research on human

subjects of Michigan State University and Michigan Department of Community Health.

PCB and DDE determination

PCB was determined in all three surveys, while DDE was determined in the second and third
(1979-1982, 1989-1991). To compare exposures, we used those PCBs measurements based on
the Aroclor 1260 standard, which measured the more highly PCB chlorinated congeners.
Analyses of serum specimens were performed by the Michigan Department of Community
Health (Webb—McCall packed column gas chromatography technique). The technical detection

limit for PCBs are 3 pg/L and for DDE is 1 pg/L.

Statistical analysis

Birth weight is the primary outcome in our study. Although one mother may have more than one
child, exposure could vary for different children from the same mother. We used the
measurement that is closest to the date of delivery as the maternal exposure. The maternal DDE

and PCB serum concentrations are categorized as follows: 0 -<5 ng/L, 5-<15 pg /L, 15-<25



png/L, 225 ng /L. Since linearity between gestational age (in weeks) and birthweight was
confirmed, we chose to use gestational age as a continuous variable. For descriptive purposes we
divided it into three categories: < 37 weeks, 37-<40 weeks, and 240 weeks. Three maternal-age
groups represent women 15-24, 25-29 and >29 years of age at the time of delivery. Educational
level of the women, collected from the 1989-1991 GLFS questionnaire, was divided into three
categories: high school or less, some college, and college graduate or higher. Since maternal
height may explain birth weight [45], we also included maternal height as a confounder in the
analysis. We obtained smoking status from the 1989-1991 GLFS questionnaire. If pregnancy
occurred within the time a woman reported having smoked, we recorded smoking status as
affirmative. We also included the child’s year of birth to assess whether a birth cohort effect

might explain different birth weight (categories were 1968—1972, 1973-1983, and after 1983).

We applied a repeated measurements model to adjust for the autocorrelation of birth weight
between siblings from the same mother. Using Generalized Estimation Equations (GEE, SAS
PROC MIXED) [46], we estimated the adjusted mean birth weight controlling for gender, birth
order, gestational age, date of delivery, and maternal age, height, education, smoking status. In
our repeated measurements model we treat gender, birth order, date of delivery, and maternal
age, education, smoking status as categorical variables, while both gestational age and maternal

height are treated as continuous variables.

Results
Of the Great Lakes Fish Eater Study cohort, 310 women were 45 years or younger in 1968 and

could potentially give birth to a child. In the year 2000, of the 310 women three were deceased,



73 could not be contacted, and eight did not consent to participate. With 226 women who give
their consent, the proportion of participation is 72.9% (226/310). Of the 226 women, 99 gave
birth between 1969 and 1995, resulting in a total of 195 offspring. Since twins usually have
lower birth weight than singletons we excluded four pairs of twins (n=8) from our data, as well
as 19 newborns with missing values for birth weight (n=10) or educational status of the mother
(n=9). Hence, our analysis is based on 168 offspring who came from 89 mothers.

Among the 168 offspring, 47.6% were boys; 28.6% were born between 1968—1972; 58.3%
between1973—-1983; and 13.1% after 1983 (Table 1). A maternal DDE exposure equal to or
larger than 25 pg/L or PCB exposure equal to or larger than 25 pg /L occurred only in few

observations (eight and seven offspring, respectively).

The proportion of boys increased with increasing organochlorine levels (Table 2), which has
been reported before for this sample [47]. Maternal age at delivery was not significantly different
between exposure groups. We found that maternal PCB levels were significantly higher in
children born at an earlier calendar period (between 1969-1972, Table 2). A higher DDE

exposure was obvious for children born between 1973 and 1982.

Crude birth weight and adjusted birth weight estimated through linear regression analyses are
presented in Table 3. The result shows that boys were heavier at birth; birth weight increased
with gestational age; and there was a significant increase in birth weight with birth order. We did
not detect a statistically significant difference in birth weight for different level of exposure to

DDE (Table 3). However, the birth weight of the offspring of mothers who had the highest PCB

levels (225 pg/L) significantly reduced by approximately 500 grams (p = 0.022) (Table 3). When



stratified for gender, PCB exposure was associated with a reduced birth weight in males only
(data not provided). In the current study, we controlled for the effect of gestational age. In
addition, we determined the percentages of newborn small for gestational age using 10%-
reference values [48]. We did not find an association of DDE nor PCB with the prevalence of
small for gestational age (average 8.3%). Finally, when we excluded neonates born before the
37" week of gestation the PCB estimate did not change substantially (reduction of 578 grams,
p=0.023). Thus, the association between PCB and birth weight cannot be attributed to preterm

delivery.

As these findings include repeated pregnancies from the same women (168 offspring of 89
mothers), we used Generalized Estimation Equations and adjusted for the within-mother effect.
To additionally investigate whether the PCB-related reduction in birthweight is also detected
when only considering one offspring per mother, we analyzed data for the first offspring born
after 1968 (n=89). The birthweight was reduced in women with PCB serum concentration of
15-<25 pg/L by 220g and for PCB =25 pg /L by 351g. However, the reduction was not

statistically significant, probably due to the reduced sample size.

From the 168 offspring, we selected a subsample of 42 adult daughters and obtained permission
to access their birth registry data. To check reliability, we compared this information with
maternal recall data. For birth weight, agreement between maternal reports and registry

information was nearly perfect: the Spearman correlation coefficient is 0.97 (p=0.0001).
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Discussion

Our study found no significant increase in birth weight associated with maternal DDE exposure,
but a significant reduction in birth weight of approximately 500 grams in offspring of mother
with PCB levels of 225ug/L. However, the group with the highest PCB exposure comprised only

seven infants. The association was not reduced when we excluded preterm deliveries.

Of the 310 women in the fisheater cohort who were of childbearing age (maximum age of 45
years), 72.9% participated in the study (n=226). Since the participation proportion is high, we do
not suspect that a selection bias can explain our findings. The fact that only 99 of the

participating women gave birth after 1968 is likely to be a reflection of chance and not selection.

Regarding a potential information bias, we had a long recall period between births occurring
after 1968 and parental reports on birthweight from interviews in the year 2000. The median
recall was 24 years. To check reliability, we compared parental information with birth registry
data. For birth weight, the agreement between maternal reports and registry information was
nearly perfect (Spearman correlation coefficient is 0.97). We believe that this agreement was
achieved primarily due to the fact that most subjects had relevant documents on hand for their
interviews. Hence, in accordance with other studies the long recall did not weaken the reliability

of the birthweight information [49-51].

PCB serum concentrations in other studies that focused on maternal blood, cord blood, or
placentas had an overall range between 0.08-47.73 ug/L: Fein et al. 1984: 5-13 p/L; Sunahara et

al. 1987: 2.29-47.73ug/L; Patandin et al. 1998: 0.59-7.35 pg/L; Rylander et al. 1998: 0.08-4.3
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pg/L; a higher exposed group having a serum concentration of more than 11.7 pg/L (assuming a
lipid concentration of 9 g/L), Grandjean et al. 2001 [13-16, 19]. The serum concentrations of
PCBs determined in our study were between 0 and 29 pg/L and exceeded the concentrations

found in four of the five previous studies that used maternal or cord blood serum concentrations.

Fein et al. and Patandin et al. have demonstrated a dose—effect relationship for birth weight with
consumption of PCB contaminated fish and with PCB concentration in cord serum, respectively
[13, 14]. Our results may indicate a threshold effect, since there is no decrease in birth weight
below a maternal PCB concentration of less than 25 pg/L. Assuming an endocrine mode of
interference of PCB, a threshold effect is plausible since PCB may hamper the binding of

hormones to their receptors [52].

Most previous studies that determined organochlorine concentrations in human specimens
focused on one compound, for instance PCBs, without considering other correlated toxicants
such as DDE, which might have a confounding effect. In our sample of neonates, maternal PCB
and DDE values are correlated (rspearman = 0.69, p=0.0001). Thus, we investigated whether the
PCB-birth weight association would change if we do not control for DDE. Without having DDE
in the regression model, the highest PCB level still has the diminishing effect on birth weight,

with the statistically significant (p=0.027, 470 grams).

One strength of our study is that we used the maternal blood PCB and DDE concentrations,

representing direct measurement of organochlorine (OC) and not approximations such as fish

consumptions as the indicator of intrauterine exposure. Secondly, we included both PCBs and
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DDE in our final model, which allowed us to explore the effects of PCBs and DDE on birth
weight. A limitation is however, that the OC measurements between 1973 and 1991 do not
coincide with the dates of the pregnancies under consideration (> 1968 to 1995). The median
difference is five years. Therefore these values do not directly reflect the OC concentrations to
which these offspring were exposed in utero. As expected with persistent chemicals, on average
these OC concentrations did not vary much in women when repeated measurements were
compared. He et al. analyzed the Michigan fisheater data and reported no substantial decline in
the median PCB serum concentration in female fisheaters over three cross-sections (11.0 pg/L in
1973/74; 14.5 pg/L in 1979/82; 13.5 pg/L in 1989/93) [44]. We suppose that chronic
consumption of PCB contaminated fish and the long half-life of PCB is likely to explain the
stability of the serum concentrations. Additionally, we investigated whether PCB and DDE
values were lower, when the spacing between phlebotomy and birth of the child were longer. We
found no large differences. For instance PCB levels were higher in both ends of the spacing
distribution: 0-1 year: 5.4pg/L, n=39; 2-4 years, 4.0ug/L, n=41; 5-9 years: 5.2ug/L, n=47; >9

years, 6.1ug/L, n=41.

To estimate maternal levels of organochlorines (OC) at the times of pregnancy between 1950 and
1980, we used three repeated serum measurements and additional survey information (1973-
1974, 1979-1982, and 1989-1991) [personal communication, 2003]. Two linear regression
analyses were conducted and their results used to backward extrapolate serum levels. Each of the
two regression models covers one period between two of the three survey measurements. We
estimated regression coefficients for the most parsimonious models, and tested how well the two

equations predicted the actual serum OC concentrations measured in the past. By means of
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intraclass correlation coefficients (ICC) we compared estimated and measured past
concentrations [53]. We identified two formulas that predicted past values with high reliability
(ICC = 0.77 for the period of 1991 to 1979, and ICC=0.89 for the period of 1982 to 1973). The
first formula used the PCB values determined in 1989/91, the years that passed between the
1989/91 and 1979/82 determinations, and the number of births in that interval. Of note is that the
predicted values were higher in the 1979/82 measurements, as indicated by a positive sign for the
years that passed between 1989/91 and 1979/82. The second formula estimates the PCB values
in 1973/74 using the 1979/82 determination, the years between 1973/74 and 1979/82, and the
years of fish consumption. This formula has a negative sign for the years passed between the two
determinations, which indicates lower PCB values for 1979/1982 and before. We applied these
formulas to backward-estimate both the maternal serum PCB and DDE concentrations at the
time of each pregnancy. When using the values derived from backward extrapolations, our
results did not change substantially. The reason is that the ranking of the exposure concentrations

changed only marginally when these estimates were used.

A limitation is the lack of information about individual PCB congeners. We had to use the total
PCB concentration based on the Aroclor 1260 standard. This may be a problem because various
PCB congeners may have different, sometimes antagonistic endocrine effects[54, 55].
Additionally, OC determinations used in our study were determined on a whole serum basis
without determination of serum lipids. Thus, we could not determine lipid-based PCB
concentrations. However, another strength of the Michigan cohort is that the analytical procedure
to determine DDE and PCB (Webb—McCall packed column gas chromatography technique) has

not been changed between 1973 and 1991 [43]. These stable analytical techniques facilitated
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comparisons between PCB and DDE assessment in the three surveys as recently emphasized by

Longnecker et al., when comparing different techniques [56].

Several studies have investigated a potential association between PCB and/or DDE exposure and
birth weight. However, there is inconsistency when comparing results of studies with varying
exposure measurements, which may lead to exposure misclassification. For instance, studies
which rely on measurements in breast milk may be plagued by declining OC concentrations with
increasing duration of breastfeeding [57], particularly, if the concentration was derived at
different times for different participants. However, there is little uncertainty when exposure is
determined from maternal or cord blood. Four out of five studies reported an adverse effect on
birth weights [13-15, 19], one did not [16]. Our study adds to the evidence that high maternal
PCB serum concentrations are associated with reduced birth weight. We assume that the
apparent inconsistencies in earlier studies can be reduced if the exposure is assessed without
major impact of misclassification, for instance by using maternal or cord blood. Although we
have found that PCBs may be associated with reduced birth weight, the underlining mechanisms
remain unknown. We did not have any information on fatty acid in fish or in the female
fisheaters. We believe that future study should also determine phospholipid fatty acids in
fisheating populations. Phospholipid fatty acids are provided by seafood and may be beneficial
for the pregnancy and offspring [16]. Since both phospholipid fatty acids and OC have the same
origin and thus are highly likely to be correlated, these substances may confound the PCB —

birthweight association.

Conclusion
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Our study adds to existing evidence that in utero exposure to PCB may reduce birth weight when
exposure was determined from maternal or cord blood samples. Birth weight is a marker of
adverse effects in utero, and/or a predictor of a series of adverse developments in childhood.
Future studies are warranted to investigate the potential adverse effects of historic
organochlorines such as PCB and DDE, as well as newly emerging toxicants such as
polybrominated diphenylethers on birth weight. We recommend designing future studies in a

way that would allow the discovery of the underlining mechanism.
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Table 1: Description of the study population

Characteristic n=168 %
Gender Male 80 47.6
Female 88 52.4
Maternal DDE <5 46 27.4
(pg/L) 5-<15 89 53.0
15 -<25 25 14.9
=225 8 4.7
Maternal PCB <5 84 50.0
(pg/L) 5-<15 66 39.3
15-<25 11 6.5
=225 7 4.2
Parity 0 57 339
1 65 38.7
2 31 18.5
>3 15 8.9
Gestational age <37 5 3.0
(weeks) 37 -<40 23 13.7
=40 140 83.3
Maternal age 15-24 41 24.4
(years) 25-29 70 41.7
30 and older 57 33.9
Maternal height <155 14 8.3
(cm) 155 -<170 122 72.6
=170 32 19.1
Maternal High school 71 42.3
education College 44 26.2
College plus 53 31.5
Maternal Yes 22 13.1
smoking status No 146 86.9
during pregnancy '
Child birth year 1968 -1972 48 28.6
1973 -1982 98 58.3
>1983 22 13.1
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Table 2: Relationship between PCB, DDE, and potential confounders

Exposur Boys  Parity Gesta-  Mater- Mater- Education (%) Maternal Child birth year (%)
o . .
(o) at tional  malage — mal T College  SMoking —0 o3 3<83 >
e before age at Height during
(mean) delivery (mean) school and regnanc
delivery very higher P go y
category (mean) (%)
(mean)
Maternal <5 46  39.1 0.9 39.8 27.6 163.4 348 32,6 326 2.2 17.4 58.7 23.9
DDE
(ug/L) 5-<15 89 483 1.0 39.9 28.0 163.9 45.0 157 393 15.7 24.7 62.9 12.4
15-<25 25 56.0 1.3 40.2 27.6 165.6 440 44.0 12.0 20.0 60.0 40.0 0
=25 8 62.5 0.9 40.5 29.0 166.4 500 500 O 25.0 37.5 62.5 0
Maternal <5 84 452 1.0 40.1 28.0 163.6 322 333 345 13.1 16.7 61.9 21.4
PCB
(ug/L) 5-<15 66 48.5 0.9 399 27.9 163.9 51.5 13.6 349 16.7 30.3 63.6 6.1
15-<25 11 364 1.3 39.6 27.3 166.3 727 273 0 0 63.6 36.4 0
>25 7 85.7 1.9 40.0 27.9 169.1 286  57.1 14.3 0 100 0 0
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Table 3: Birthweight in grams in different subgroups

Characteristic n=168 Crude birthweight Adjusted ¥
(g birthweight (g)
Gender Male 80 3536 (2679 — 4380) 3491 (3283 - 3698)*
Female 88 3385 (2693 —4167) 3272 (3062 — 3481)
Maternal DDE <5 46 3411 (2693-4139) 3278 (2979 - 3577)
(pg/L) 5-<15 89 2456 (2637 —4253) 3365 (3130 - 3600)
15 <25 25 3504 (2722 — 4253) 3440 (3198 — 3685)
=25 8 3572 (2807 — 4338) 3278 (3065 — 3815)
Maternal PCB <5 84 3470 (2693 — 4338) 3520 (3318 — 3723)
(pg/L) 5-<15 66 3428 (2608 — 4167) 3509 (3312 -3707)
15 <25 11 3647 (3033 - 4167) 3537 (3137 -3937)
=25 7 3268 (2722 —4338) 2958 (2519 - 3397)*
Parity 0 57 3345 (2552 - 4139) 3211 (2999 — 3423)*
1 65 3474 (2722 — 4253) 3378 (3169 — 3587)
2 31 3523 (2722 - 4763) 3401 (3168 —3633)
>3 15 3668 (3289 —4338) 3535 (3246 — 3824)
Gestational age <37 5 2427 (1361 —3033)
37-<40 23 3279 (2693 - 3941) Continuous variable*
=40 140 3522 (2792 - 4309)
Maternal age 15-24 41 3388 (2892 — 4082) 3414 (3158 —3669)
(years) 25-29 70 3517 (2693 — 4309) 3396 (3181 -3610)
30 and older 57 3432 (2580 — 4536) 3334 (3128 —3541)
Maternal <155 14 3112 (2552 -3714)
height (cm) 155 -<170 122 3470 (2693 —4167) Continuous variable
=170 32 3555 (2722 - 4536)
Maternal High school 71 3379 (2693 — 4139) 3303 (3083 — 3523)
education College 44 3569 (2722 — 4423) 3433 (3196 —3670)
College plus 53 3467 (2608 — 4309) 3407 (3152 - 3662)
Maternal Yes 22 3175 (2552 - 3969) 3294 (3007 — 3581)
smoking status N 146 3499 (2722 — 4253) 3468 (3300 - 3636)
during
pregnancy
Child birth 1968 -1972 48 3554 (2722 — 4253) 3406 (3200 - 3612)
year 1973 -1982 98 3420 (2693 — 4253) 3333 (3125 — 3540)
>1983 22 3405 (2608 —4536) 3405 (3120 — 3689)

* p-value < 0.05

Adjusted for all other variables in Table 3.
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January 2004
Reviewers'’ reports

Maternal Concentration of
Polychlorinated Biphenyls and
Dichlorodiphenyl Dichlorethylene and
Birth Weight in Michigan Fish Eaters:
A Cohort Study

Report from David Carpenter:

General comments: There are a number of strengths in this report, and some weaknesses. The
major strengths are that this is one of the first studies that have determined the relations
between birth weight in relation to independent exposure to both PCBs and DDE. In addition the
authors have dealt with a number of the other confounders that influence birth weight. The
weaknesses, most acknowledged by the authors, are that there is a relatively low detection limit
to the analytical measurements, the bloods were not drawn at the time of the pregnancy, the
results are available only as wet weights (not lipid adjusted values) and the study population is
relatively small, which limits the ability to draw conclusions. However in general this is an
excellent paper which adds positively to an understanding of the role of exposure to
organochlorine contaminants and risk of giving birth to an infant of low birth weight. The
manuscript is well written, and the results reported are important.

Specific suggestions for revision:

1. The sentence near the end of the abstract that states "The birth weight of offspring was
increased in women with higher DDE concentrations when controlling for PCBs". This does not
reflect either the data presented in Table 2, nor in the discussion. There is really no evidence
presented, whether or not statistically significant, that indicates a relationship between DDE
levels and low birth weight.

2. It would be good to present the data on birth weights in males. Since others have

previously shown that PCBs pose a greater risk of low birth weight in male than female infants,
evidence to this finding increases the confidence that this is truly a PCB effect.
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3. The statement on page 10 that "Our results may indicate a threshold effect..." is too
strong, given the small size of the sample and the low sensitivity in the analytical procedures.
Furthermore this conclusion is not compatible with others' observations, and in this reviewer's
judgment the authors' evidence for this conclusion is too weak to justify this statement. Perhaps
a better way of making more-or-less the suggestion would be something like "While our results
may suggest the possibility of there being a threshold level of PCBs giving rise to low birth
weight, this conclusion is not compatible with others' observations and may be a reflection of the
limited number of subjects and the limitation of the analytical procedures used in this study."

Report from Tina Kold Jensen:

This is an interesting paper addressing a relevant and interesting topic about exposure to PCB
and DDE in utero and birth weight of the offspring. I do however not completely agree with the
conclusion. Even if the authors state that it was based on 7 births, I am still puzzled about the
lack of trend in birth weight with increasing PCB exposure. The authors speculate that it is due to
a threshold effect, but why should a threshold effect exist?

In addition, the time space between birth and blood sampling is not described. The authors state
that the median was 6 years, but that it did not change the concentration of the chemicals.
Surely the concentration must have changed and related to the length of the breastfeeding
period?

Background:
This is a very good and sound background going through the literature on this field in great
detail. I do however think that it is too long for this paper.

Materials and methods:

This section is too short. It is not possible to figure out how the study was actually conducted,
how and when the mothers were addressed, how their information was linked to birth
information etc. How long was the median recall? I would like a detailed description on the time
gab between the exposure measurements and birth weight. Also, the authors state, that they
perform analyses taking into account the repeated events for the same women, but I would like
to see the results for the first event for each women. The material is based on only 96 mothers
and birth weight is highly inherited.

I find the categorization of gestational age strange. We normally consider preterm 37 weeks, 37-
42 weeks and post term >42 weeks. I would not consider it a continuous variable, since it is
obtained in full weeks.

Results:
It is interesting but not commented further on that only 47.6% of the offspring were boys. Could
that be due to PCB exposure and were there fewer boys in highly PCB exposed women?

The authors do not refer to Table 1. The rows with percentages for DDE have more decimals
than the rest. Is parity measured now or by the delivery of the index child?

In addition, I would like a table stating the relationship between the variables in table 1 and PCB
and DDE.
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PCB and DDE are categorized but that may reduce power considerably. Why do the authors not
try to include them as continuous variables, maybe transformed by the use of the natural
logarithm to obtain normality?

Table 2 states the adjusted birth weight, adjusted for what? Furthermore, the author try to
adjust for gestational age, but it may be an idea to look at small for gestational age babies being
below the 90% percentile, as PCB might cause SGA instead of low birth weight.

Also, a table showing the time space between blood sampling and the birth and the PCB and DDE
concentrations according to this spacing. Were the concentrations lower when the spacing was
longer, how many had spacing below 2 years etc.?

Discussion:

The discussion does not discuss the problems with the study. The problems with selection,
repeated events for the same women, recall bias and finally lack of information on important
confounders like weight and period of breastfeeding.

Third paragraph on page 11 about backward extrapolation is not understandable.

I am not sure that the conclusion can be drawn from the presented analyses (see above).

Report from Lars Rylander:

Major comments

1. The authors stated in the Background section that their hypotheses are: "PCBs decrease birth
weight and DDE increases birth weight.” In addition, they stated that “it has been suggested that
DDE exerts estrogenic effects”. It is, however, well known that certain PCBs also exert estrogenic
effects, so the authors have to clarify why the hypotheses are in different directions.

2. The authors justify for that a mother may contribute with more than one child in the analyses.
They say that “serum concentrations derived from measurements in different surveys could vary
for different children from the same mother”. On the other hand it is stated in the Discussion that
“As expected with persistent chemicals, these OC concentrations did not vary much in women
when repeated measurements were compared”. It is difficult to understand this argumentation.

3. In order to estimate the OC level at the time of pregnancy, linear regression analysis was
used. There are, however, studies indicating 30-50% reduction in body burden during breast-
feeding (see e.g. Skaare and Polder 1990). Accordingly, it is not reasonable to assume a linear
model to estimate the OC level at the time of pregnancy. Did the authors have any information
about lactating history?

Minor comments
4. The authors should clarify when a potential confounder was kept in the model.

5. Did the authors perform separate analyses with primiparas?

6. The first part of the Result section as well as the last part of the Result section should be
included in the Methods.
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Report from Marc Weisskopf:

This paper examines the association between maternal serum organochlorine concentrations and
birth weight of children in a cohort of fish eaters from Michigan. The results suggest that a
reduction in birth weight is seen at the highest levels of maternal PCB exposure. There are a
number of methodological issues, however, that require clarification and potentially some re-
analysis to ensure that the methods are appropriate and sufficiently described to permit proper
interpretation of the data.

Major points:

1) The reasons for the chosen categorizations of several of the variables are not clear to me. In
particular, the outcome variable: Why create a category with as few as 7 observations? The fact
that this is the only one that shows an effect is of concern as with such small numbers a minor
change or misclassification could make a big difference. In the absence of a compelling reason,
the categories should be such that the number of observations in each category is similar and the
data re-analyzed. This same comment holds for most of the other variables that were
categorized; some of the categorizations seen in Table 1 seem somewhat arbitrary and not even.
With somewhat small numbers, it would also seem that treating some variables as continuous
would increase power. Age in particular (perhaps with a quadratic term as well in case the
relation is not strictly linear) as it may be fairly strongly related to birth weight.

2) Methods, study sample and first paragraph of results: Since there are not space limitations,
providing a little more detail on the study sample would be helpful. Are the 310 female cohort
members of reproductive age after 1968 who had serum organochlorine measurements the only
women who were asked to participate? How many women refused? How were subjects recruited
into the cohort?

3) Methods, study sample and last paragraph of discussion: Do you have any information on how
many of the women actually did have documents related to the births with them for the
interview? For the substudy to validate the birth weight information, how were the 42 daughters
who were contacted chosen? Were they women whose mothers had had documents with them
during the first interview or not? Why was the Spearman correlation coefficient, and not the
Pearson coefficient, calculated between birth registry data and mother’s recall?

4) Methods, statistical analyses and 7™ paragraph of discussion: Please provide more detail on
the time between a given birth and the time blood was drawn for organochlorine measurements.
How often was the blood draw after the birth? The median time difference is given, but does this
reflect blood draw before the birth or vice-versa? Is the median different for blood draws before
and blood draws after the birth? Did this vary by organochlorine level?

5) Methods, statistical analyses: It sounds like smoking status was not determined specifically
with respect to a particular pregnancy, but only in general and then smoking during a given
pregnancy was inferred. Is this correct? Either way, the specifics should be made more clear
here as this is an extremely important potential confounder, particularly since table 2 shows that
no mothers in the higher 2 PCB categories smoked during the pregnancy. If the data is not
specific to a given pregnancy and some mothers in the lower PCB categories stopped smoking
while pregnant, this could create the type of association found. If the non-smoker status of some
of the mothers in the high PCB categories is incorrect, that too could create such an association.
Do you have birth registry data on smoking during pregnancy for some of the births and if so,
how does it correlate with the inferred smoking status during that pregnancy? This limitation
must be addressed in the discussion.
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6) 2" paragraph of results: In the cited previous work by the authors the proportion of boys was
reported to increase, but that was with paternal organochlorine concentration, not maternal. In
fact, although not reported as significant, the proportion appeared to decrease somewhat with
increasing maternal organochlorine concentration. Thus, this should be clarified if this is to be left
in. I wonder if the discrepancy has to do with the categorization choices?

7) 8" paragraph of results, 5" sent.: If the stratified data for boys and girls is not going to be
shown, put the specifics of that result in the text here.

8) 8™ paragraph of results, 7" sent.: There is not enough detail about this analysis of small-for-
gestational age to assess it. How many children fell into this category in your sample? Is that the
8.3%? If so, the numbers would be very small in the different categories with an accompanying
low power to detect an association. At the very least this should be stated as a strong limitation
of this analysis.

9) Discussion, 7" para., 6™ sent.: The data from He et al., is not specifically among women who
are having children, but a more general population. It would be good to also provide some
details on how the organochlorine levels changed over repeated measurements among the
women in your current sample. Presumably a pregnancy between 2 measurements would affect
that change.

10) Discussion para. 8: This paragraph is not clear. What are the regression models that were
used? The details should be provided—what is the “additional survey material?” Is this a
supplementary analysis to the main one that was done? Presumably OC levels were only
estimated as far back as 1968, not 1950, right? Perhaps a more detailed description of what is
being done here could be put in an appendix.

11) Table 3: Are the values in parentheses 95% confidence intervals? If they are, what does this
mean for the crude values? Are those values the range? This should be explained.

12) It is also unclear to me how the values in the adjusted birth weight column were obtained.
GEE models provide an intercept term and effect estimates for the different independent
variables. The intercept term has the interpretation of the mean birth weight among those births
with reference values for all other categorical variables and assuming 0 for the continuous
variables (which may or may not have a realistic meaning). Done this way, all of the reference
categories (perhaps female gender, organochlorine <5?) would have the same “adjusted” birth
weight. Clearly the adjusted birth weights were calculated some other way, how was this
calculation done? Some explanatory text should be added either to the text or in a table footnote.

Minor points:
13) The last sentence of the abstract background needs reworking.

14) Methods: Is there any data on maternal (pre-pregnancy) weight? This may be more
important than height, or perhaps a combined variable such as Body Mass Index could be used.

15) Last para. of methods: What correlation structure was used in the repeated measures
models?

16) Much of what is written in the discussion belongs in the results or perhaps methods section.

In particular, much of the content of paragraphs 6, 7, and 8 (much of paragraph 8 could go in an
appendix with extra detail—see point 10 above).
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17) Last paragraph of discussion and conclusion paragraph: “underlining” should be changed to
“underlying.”
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