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Abstract

In 1973-74, a polybrominated biphenyl (PBB) flame retardant mixture was shipped to Michigan 

livestock feed mills in place of a nutritional supplement and contaminated the food supply. 

Following the accident, the Michigan PBB Registry was established to study the long-term health 

effects of halogenated compounds and is now led by a community-academic partnership. PBB 

exposure is associated with altered DNA methylation in sperm, which may lead to adverse 

birth outcomes in children whose fathers have increased levels of serum PBB or polychlorinated 

biphenyl (PCB). Paternal PBB and PCB levels of men enrolled in the Michigan PBB Registry 

(n=155) were analyzed against matched offspring birthweight and gestational age (n=336). 

Birthweight and gestational age were dichotomized at the 25th percentile and 37 weeks, 

respectively, and paternal PBB and PCB levels were examined as continuous measures and divided 

into tertiles. Associations of offspring birthweight and gestational age with paternal PBB and 

PCB serum concentrations were modeled using multivariable linear spline and log-risk regression, 

adjusting for family clustering, paternal health and lifestyle factors, maternal PBB, and PCB serum 

concentrations, sex, and offspring gestational age (for birthweight). Fathers in the middle and 

upper PBB and PCB tertiles had increased risks for lowest quartile birthweight compared to the 

first tertile, with adjusted risk ratios (aRR) =1.67 (95% CI: 0.93, 2.99) and aRR=2.06 (95% CI: 

1.12, 3.79) for PBB, and aRR=1.47 (95% CI: 0.79, 2.75) and aRR=1.34 (95% CI: 0.70, 2.54) 

for PCB, respectively. Elevated paternal PBB levels were not associated with an increased risk 

for preterm birth, while PCB levels were associated with a small, but not significant, decrease in 

gestational age, β=−0.37 (95% CI: −0.76, 0.03) weeks per log unit increase PCB. The findings 
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suggest that increased paternal PBB and PCB levels negatively impact offspring birthweight, and 

paternal PCB levels may negatively impact gestational age.
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1. Introduction

Polybrominated biphenyls (PBBs) have not been manufactured in the United States since 

1978 following a large-scale industrial accident; however, today, many Michigan residents 

still have PBB levels above the national average (Chang et al. 2020). In early 1973, the 

Velsicol Chemical Company accidentally sent PBB, a flame retardant used in plastics, 

textiles, and electronics, to the Michigan Farm Bureau Service in place of magnesium oxide, 

a commonly used feed-grade nutrient supplement. The PBB was unknowingly mixed with 

animal feed across Michigan and entered the food chain through ingestion by farm animals 

and subsequently by Michigan residents via contaminated eggs, milk, meat, or other animal-

based food products. In the spring of 1974, because of the persistent efforts of an individual 

farmer, the mistake was discovered (Fries and Kimbrough, 1985). In 1976, the Michigan 

Department of Public Health (now the Michigan Department of Health and Human Services, 

MDHHS) enrolled individuals into the Michigan Long-Term PBB Study to track the long-

term effects of exposure to PBB and other halogenated compounds (Landrigan et al., 1979, 

Kreiss et al. 1982). This cohort, now known as the Michigan PBB Registry and led by a 

community-academic partnership, has been continually maintained since 1976 and includes 

three generations, individuals in the parent generation who were exposed directly by the 

Michigan PBB Disaster and two subsequent generations of family offspring.

PBBs and polychlorinated biphenyls (PCBs) are halogenated organic compounds 

manufactured from the 1930s until the 1970s in the United States. Both chemicals 

were added to numerous products, including plastics, textiles, and electronics, as flame 

retardants, insulators, and lubricants (Faroon and Olson, 2002, Pohl et al., 2002). While 

PBB and PCB production has been discontinued both in the United States and worldwide 

following the Stockholm Convention in 2001, neither readily decomposes, and both are 

environmentally persistent (Lallas, 2001). PCB and PBB exposure has been identified in 

areas with background contamination via environmental matrices and biota; however, PBB 

levels within the Michigan PBB Registry are primarily due to direct exposure following the 

Michigan PBB disaster and PBB's slow elimination time (Hedgeman et al., 2009, Prince et 

al., 2020, Xu et al., 2019, Hesse and Powers, 1978, Zhihua et al., 2018, Chang et al. 2020) 

The estimated median half-life for PBB samples whose primary congener is PBB-153 is 10 

years for men and between 13 and 13.5 years for women (Rosen et al., 1995, Blanck et 

al., 2000). PCB in women has an estimated mean half-life between 6.6 and 90.1 years and 

between 4.2 and 33.3 years for PCB in men depending on the PCB congener (Seegal et al., 

2011).
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PBB and PCB exposure and reproductive health and birth outcomes have been investigated 

with notable results. Maternal PBB exposure has been linked to lower offspring Apgar 

scores, earlier menarche and subsequent increased miscarriages among female offspring, and 

low offspring birthweight in mothers with high exposure, while maternal PCB exposure 

has been associated with altered ages at menarche of female offspring, low offspring 

birthweight, and lower IQ and reading comprehension scores in offspring of mothers with 

elevated PCB levels (Terrell et al. 2015, Small et al., 2011, Givens et al., 2007, Marks et 

al., 2021, Baibergenova et al., 2003, Jacobson and Jacobson, 1996). Paternal PCB exposure 

has also been associated with altered offspring sex ratios, reduced paternal fertility, and 

reduced offspring birthweight (del Rio Gomez et al., 2002, Louis et al., 2016, Robledo 

et al., 2015). Furthermore, PBB exposure has been linked to decreased DNA methylation 

patterns of imprint control regions and differentially methylated regions in genes essential 

for fetal growth in male gametes (Greeson et al., 2020). While DNA methylation 

is essential in regulating gene expression, altered sperm methylation could negatively 

impact the expression of genes required for early development (Carroll, 2016). Persistent 

multigenerational DNA methylation patterns have also been documented in mice models and 

human oocytes, suggesting altered methylation could impact multiple generations (Tuscher 

and Day, 2019, Gold et al., 2018). Importantly, in addition to the biological plausibility that 

paternal PBB exposure could impact birth outcomes, based on their personal and familial 

experiences, PBB Registry members have asked the research team to investigate whether a 

man's PBB exposure could influence his children's and grandchildren's health. This paper 

reports an analysis of paternal PBB exposure and birthweight and gestational age and 

expands research on paternal PCB exposure and these birth outcomes to understand the 

effects and potential mechanisms of halogenated compounds on fetal development.

2. Material and methods

2.1 Study Population

The analysis utilized primary data collected from PBB registry members who lived on PBB 

contaminated farms, consumed food from contaminated farms, or were exposed to PBB 

from employment at the chemical plant and were enrolled in the Michigan PBB Registry 

(first generation). Data were queried from interviews and self-completed questionnaires that 

included demographic, lifestyle, and health information, and blood samples tested for PBB 

and PCB at enrollment in 1976-78.

Data on the offspring of Registry participants (second generation) born after the PBB 

disaster were obtained from electronic birth records and matched to mothers and fathers 

enrolled in the Michigan PBB Registry. Fathers were considered a match to offspring if 

they met one of the two following criteria: (1) offspring birth certificate data matched the 

following variables from the paternal enrollment questionnaire: last name, first name, date 

of birth, year of birth, and SSN; or (2) data from the offspring's enrollment questionnaires 

matched paternal information including the father's name as identified on the enrollment 

form. We identified 1961 offspring as having parents in the PBB cohort. 383 offspring 

were paternally matched, of which 337 offspring were selected as they had the following: 

a paternal ID number, available measured paternal PBB levels, and a completed paternal 
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health and lifestyle questionnaire when the father was ≥ 18 years old. One observation was 

removed from this subset due to extreme preterm birth (22 weeks). The study was approved 

by the Institutional Review Board at Emory University in Atlanta, GA, and MDHHS. 

MDHHS designed the matching protocol and compiled data from vital records and state 

health department records from yearly parental updates. Emory received de-identified data 

from MDHHS. The results of this study have been shared and discussed with the Michigan 

PBB Leadership Team, which includes representatives from the PBB Citizens Advisory 

Board, Pine River Superfund Citizen Task Force, Mid-Michigan District Health Department, 

Central Michigan University, and Alma College. This community-academic partnership 

works together to understand the long-term health outcomes of exposure to PBB.

2.2 Exposures

Participants enrolled in the PBB Registry have slightly elevated background levels of PCB 

and were tested for PCB and PBB (Kreiss et al., 1982, Kreiss, 1985). The MDHHS Bureau 

of Laboratories analyzed serum samples collected from participants at enrollment. Details 

on the analytical methods are reported elsewhere (Burse et al., 1980, Needham et al., 1981). 

PBB determination was based on Firemaster BP-6 and FF-1 (PBB-153 was the primary 

congener, representing 60% of the commercial mixtures), and PCB determination was based 

on Aroclor 1254. The limit of detection (LOD) for maternal and paternal serum samples was 

1 part per billion (ppb) for PBB and 5 ppb for PCB (Needham et al., 1981). Blood samples 

were collected from non-fasting participants, and lipids were not measured.

2.3 Covariates

Paternal risk factors for low birthweight and altered gestational age were captured in the 

cohort's enrollment questionnaires administered to fathers. We considered paternal health, 

lifestyle, and demographic factors, including age, race, cancer diagnosis, diabetes, BMI, 

smoking, and education, as potential confounders based on previous findings (Reichman and 

Teitler 2006, Khandwala et al. 2018, Meng and Groth 2018, McCowan et al. 2011). The 

population of fathers was 99.9% white, 98.5% diabetes-free, and had no cancer diagnoses. 

Paternal smoking habits were underreported but assessed, given the potential effect on birth 

outcomes. Smoking had no association with either variable, and inclusion as a covariate 

led to unstable models due to sample size. Therefore, race, diabetes status, smoking, and 

cancer status were excluded from the models. Previous research identified an altered sex 

ratio among offspring of fathers younger than 20 at the time of exposure to PBBs, making 

age at exposure an important effect modifier to assess and include in the models (del Rio 

Gomez et al., 2002). Lastly, maternal PBB and PCB levels were included as covariates to 

help isolate the potential effect of paternal exposures (Givens et al., 2007, Terrell et al., 

2015, Terrell et al., 2009). Covariates were added to the adjusted models, a priori, based on 

associations with birthweight or gestational age identified in the literature.

2.4 Analysis of Covariates

Paternal and maternal PBB and PCB levels were heavily right-skewed, and natural log 

transformation was performed to help normalize the distribution. For samples in which 

PBB or PCB were not detected, levels were imputed with LOD/2. Serum samples from 

the mothers and fathers in the Michigan PBB Registry and paternal and maternal variables 
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from enrollment questionnaires were categorized and defined as follows: (1) paternal PBB 

level (as a continuous variable and categorized into tertiles at <=3ppb, 3-8ppb, or >8ppb), 

(2) paternal PCB level (as a continuous variable and categorized into tertiles at <=5ppb, 

6-8ppb, or >8ppb), (3) education (≤high school diploma or >high school diploma), (4) age 

at offspring birth (<34 years old or ≥34 years old). For analyses that included body mass 

index (BMI), BMIs were calculated from self-reported height and weight at enrollment 

and categorized based on NIH standards (overweight at ≥25 or normal/underweight at <25) 

(Weir and Jan, 2020).

Offspring variables were obtained from electronic birth records and maternal questionnaire 

data from mothers in the Michigan PBB Registry. This included offspring sex, offspring 

birthweight in grams and dichotomized at the 25th percentile (3232 grams in this sample) to 

capture lower birth weights while maintaining adequate cell sizes, and offspring gestational 

age categorized based on World Health Organization standards (≥37 weeks, full-term and 

<37 weeks, preterm) (World Health Organization, 2012).

2.5 Statistical Analyses

Continuous and categorical outcome variables were compared across tertiles of exposure 

using Kruskal-Wallis rank sum and Pearson's Chi-squared tests, respectively. Pearson 

correlation coefficients were conducted to analyze potential relationships between paternal 

and maternal PBB serum levels, paternal and maternal PCB serum levels, and paternal PBB 

and PCB serum levels. Mixed models and generalized estimating equations (GEE) were 

considered, due to their ability to adjust for clustering of fathers with multiple children 

in the study, but the latter was selected to model continuous, binary, and categorical 

birth outcomes. Linear GEE models were generated to estimate beta coefficients for the 

association of PBB and PCB with continuous birthweight and continuous gestational age. 

Quadratic spline GEE models were evaluated when non-linear dose response curves were 

present. Unadjusted and adjusted log-binomial models were produced to estimate risk 

ratios for the association of PBB and PCB with birthweight below the 25th percentile 

and gestational age dichotomized at 37 weeks. BMI had an inverse correlation with PBB 

and PCB levels in the data, and this pattern has been reported elsewhere (Wolff et al., 

2000). Therefore, sensitivity analyses adjusting for BMI as a confounder in the models were 

performed to independently analyze BMI's effect on PBB and PCB levels and birthweight. 

All statistical analyses were performed using SAS v9.4 (Cary, NC).

3. Results

3.1 Summary Characteristics of Study Population

A total of 336 children born between 1975 and 2003 were matched with 155 fathers in 

the Michigan Long-Term PBB Study. Demographic, lifestyle, and health variables differed 

among father-offspring pairs across tertiles of PBB (Table 1) or PCB (Table 2). Compared 

to the lower and middle tertiles, fathers in the highest PBB tertile were younger at the 

time of exposure, had a higher percentage of healthy or underweight BMIs, and were 

younger at offspring birth. Maternal PBB levels were also significantly higher in the highest 

paternal PBB tertile. Fathers in the lowest PCB tertile had a lower percentage of healthy or 
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underweight BMIs than the middle and upper tertiles and had a higher percentage of fathers 

older than 34 at offspring birth.

Offspring were comparable in distributions of sex and gestational age for PBB and sex for 

PCB. Offspring from fathers in the middle and upper PBB and PCB tertiles had a higher 

proportion of lower birthweights than the lower tertile, and the middle and upper PCB 

tertiles had a lower average gestational age compared to the lower tertile.

3.2 Paternal and Maternal PBB and PCB Concentrations

Fathers had a geometric mean of 6.1 ppb of PBB in serum and 6.9 ppb of PCB in serum at 

the time of enrollment, while mothers had a geometric mean of 2.5 ppb of PBB in serum 

and 4.9 ppb of PCB in serum. Fathers had higher PBB and PCB concentrations compared 

to mothers and fewer concentrations less than LOD (paternal PBB range: <LOD-1744 

ppb; 4.2% <LOD; paternal PCB range: <LOD-85 ppb; 15.2% <LOD; maternal PBB range: 

<LOD-933 ppb; 17.8% <LOD; maternal PCB range: <LOD-22 ppb; 32.5% <LOD). Log-

adjusted paternal and maternal PBB serum levels were strongly correlated (r = 0.764 p = 

0.001) and log-adjusted paternal and maternal PCB serum levels were weakly correlated 

(r = 0.252 p = 0.001). Log adjusted paternal PBB and PCB levels were significantly but 

minimally correlated (r = 0.155 p = 0.007).

3.3 Offspring Birthweight and Gestational Age

Lowest quartile offspring birthweight was associated with increased paternal PBB levels in 

bivariate analyses. The middle and upper paternal PBB tertiles demonstrated an increased 

percentage of babies born in the lower birthweight class, 19.2% vs. 28.6% and 32.2% 

(Pearson's Chi-squared test, p=0.06) for the lower, middle, and upper tertiles, respectively. 

Lowest quartile offspring birthweight was associated with monotonic increased adjusted risk 

ratios (aRR) in the middle (aRR=1.67, 95% CI: 0.93, 2.99) and upper tertiles (aRR=2.06, 

95% CI = 1.12, 3.79) for PBB (Table 3). There were elevated but not significant aRRs for 

the middle and upper PCB tertiles (aRR=1.47, 95% CI: 0.79, 2.76) and (aRR=1.34, 95% 

CI = 0.70, 2.54) PCB tertiles. Preterm gestational age was not associated with increasing 

paternal PBB or PCB levels in the log-risk models (Table 4).

Birthweight illustrated a U-shaped curve with PBB levels (Table 5), while birthweight was 

inversely associated with continuous paternal PCB (Table 6) levels. The multivariable spline 

model for PBB illustrated a U-shaped curve with a negative trend from <LOD to 4 log-PBB 

(β= −57.48, 95% CI: −136.07, 21.11 grams per log unit increase in PBB), and a positive 

trend above 4 log-PBB (β=370.25, 95% CI: 220.27, 520.23 grams per log unit increase in 

PBB), due to a small cluster of 12 offspring with high birthweight among fathers with high 

PBB levels. The multivariable linear model for PCB was also negatively associated with 

birthweight (β= −101.01, 95% CI: −212.93, 10.91 grams per log unit increase in PCB). 

Preterm gestational age was not associated with increasing paternal PBB levels but was 

negatively associated with PCB (β= −0.37, 95% CI: −0.76, 0.03 weeks per log unit increase 

in PCB) in the continuous models (Tables 7 and 8).
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3.4 Sensitivity Analysis for Paternal BMI and Offspring Birthweight and Gestational Age

The inclusion of paternal BMI in the log-risk PBB model produced decreased risk ratios 

and shifted the 95% confidence intervals to include null values in the middle (aRR=1.50, 

95% CI: 0.86-2.65) and upper (aRR=1.69, 95% CI: 0.94, 3.05) PBB tertiles, respectively, 

though the apparent monotonic dose-response across tertiles remained (Table 3). The 

continuous spline PBB model including BMI followed a similar trend producing estimates 

with decreased significance from <LOD to 4 log-PBB (β= −31.42, 95% CI: −116.15, 53.32 

grams per log unit increase in PBB), and above 4 log-PBB (β=316.62, 95% CI: 157.79, 

475.45 grams per log unit increase in PBB) (Table 5). However, the continuous PCB model, 

including BMI, produced a more significant trend for birthweight (β= −117.41, 95% CI: 

−223.61, −11.22 grams per log unit increase PCB) while the results of the log-risk PCB 

model remained unchanged (Tables 6 and 4). Preterm gestational age was not associated 

with increasing paternal PBB adjusting for BMI (Tables 3 and 7), while gestational age was 

negatively associated with PCB levels (β= −0.48, 95% CI: −0.85, −0.11 weeks per log unit 

increase in PCB) in the continuous models adjusting for BMI (Table 8).

4. Discussion

4.1 Interpretation of Results

This study expands the understanding of the relationship between paternal body burdens 

of halogenated chemicals and birth outcomes. Higher paternal PBB and PCB levels were 

associated with lower birthweight, but PBB levels were not associated with earlier birth, 

while PCB levels were weakly associated with earlier birth.

We also note the U-shaped dose-response curve illustrated by paternal PBB levels and 

offspring birthweight, evident at very high levels of paternal PBB. Similar U-shaped and 

non-linear curves have been noted for PCBs and other halogenated compounds and adverse 

health outcomes; however, these curves are often present at much lower doses (Lee et 

al., 2007, Lim et al., 2008). Additionally, non-linear trends have been noted in maternally 

matched multigenerational studies for dioxin-like compounds and altered offspring thyroid 

hormone levels, along with paternally matched multigenerational studies for DDT and 

offspring birth defects (Warner et al., 2020, Salazar-Garcia et al., 2004). However, paternally 

matched multigenerational PBB studies have not found similar non-linear patterns which 

may be due to their much lower exposure ranges (Robledo et al., 2015).

These results indicate a concerning trend as gestational age and birthweight are correlated in 

prenatal development. Variance in this development trend resulting from high paternal PBB 

or PCB exposure may negatively affect neonatal development (Oken et al., 2003). The PBB 

results showing decreasing birthweight with no change in gestational age suggest PBB may 

negatively impact prenatal growth. Furthermore, while the PCB results showed decreasing 

birthweight with decreasing gestational age, the birthweight models were adjusted for the 

decreasing gestational age pattern and illustrate a divergence from the normal birthweight 

for gestational age. We note that a previous study in a population with much lower 

paternal PBB and PCB levels did not find an association between paternal PBB and 
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offspring birthweight but did find a negative association between paternal PCB exposure 

and birthweight that was consistent with our findings (Robledo et al., 2015).

4.2 Paternal BMI and Halogenated Compound Burden

The sensitivity analysis adjusting for BMI as a confounder showed a decreased risk of 

lowest quartile birthweight associated with PBB but increased risk of lowest quartile 

birthweight associated with PCB. These findings may be explained by the nature of PBB 

and PCB exposure. PCB levels reflect long-term low-level chronic exposures and would be 

less affected by BMI, while PBB levels were taken shortly after the Michigan PBB disaster 

and may not have reached equilibrium through sequestration in adipose tissue (Wolff et al., 

2000). In addition, higher BMI is associated with a slower elimination rate of halogenated 

compounds in serum, elevating the potential long-term impact of persistent PBB and PCB 

levels on sperm (Chevrier et al., 2000, Blanck et at., 2000). However, the confidence 

intervals of the sensitivity analysis overlapped with non-BMI adjusted models, and a 

recent meta-analysis has reported conflicting results between paternal BMI and offspring 

birthweight, making it hard to support a precise mechanism by which paternal BMI and 

halogenated compound levels may impact offspring birthweight, and further research is 

required (Oldereid et al., 2018).

4.3 Strengths and Limitations

The study's strengths are the large sample size, PBB and PCB levels measured before the 

offspring births, and the large number of covariates identified in survey data. The study had 

limitations, however. Paternal education, height, and weight were collected via self-reporting 

questionnaires that may be subject to recall or response bias. Maternal PBB and PCB levels 

were based on enrollment levels and were not adjusted for giving birth and breastfeeding, 

which are routes of maternal POP elimination (Chang et al., 2020). Additionally, paternal 

and maternal PBB and PCB levels were based on enrollment levels and not adjusted 

for the time between measurement and offspring birth, which may have led to potential 

misclassification. The sample size of preterm newborns was small, which led to unstable 

estimates and wide confidence intervals with multiple covariates, including maternal PCB 

levels and paternal health and lifestyle factors in the PCB log-binomial models and did not 

allow BMI to be tested with effect modification. Lastly, we dichotomized the lowest quartile 

birthweight at the 25th percentile rather than at the WHO definition of 2500 grams due to 

our population's small sample size of newborns <2500 grams, which may reduce the public 

health implications of the findings given that many of these infants are considered to be a 

healthy weight.

5. Conclusion

These findings suggest paternal PBB and PCB exposure may negatively affect offspring 

birthweight. With respect to other findings, including sperm methylation of key imprinted 

regions and BMI association with halogenated compound burden that supports the 

transgenerational impact of these compounds, relevant mechanisms of action for PBB, PCB, 

and other halogenated compounds and persistent organic pollutants must be further studied.
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Table 1:

Population characteristics of parents and children divided into paternal PBB tertiles

Lowest PBB
Tertile (N=120)

Middle PBB
Tertile (N=98)

Highest PBB
Tertile(N=118) Total (N=336) p-value

Paternal Characteristics

Paternal PBB Level (ppb) 0.001

Geometric Mean (SD) 1.8 (1.8) 5.3 (1.3) 23.4 (3.3) 6.1 (3.8)

Range <LOD - 3.0 4.0 - 8.0 9.0 - 1744.0 <LOD - 1744.0

Maternal PBB Level (ppb) 0.001

Geometric Mean (SD) 1.1 (2.4) 2.0 (2.2) 6.6 (4.2) 2.5 (3.8)

Range <LOD - 21.1 <LOD - 18.0 <LOD - 933.0 <LOD - 933.0

Missing 0 9 2 11

Paternal Age at Offspring Birth 0.045

<=34 years old 98 (81.7%) 76 (77.6%) 106 (89.8%) 280 (83.3%)

>34 years old 22 (18.3%) 22 (22.4%) 12 (10.2%) 56 (16.7%)

Missing 0 0 0 0

Paternal age at the time of PBB Exposure Accident 0.013

Mean (SD) 25.0 (7.2) 24.4 (5.4) 22.8 (4.2) 24.1 (5.8)

Range 16.0 - 61.0 11.0 - 40.0 17.0 - 38.0 11.0 - 61.0

Missing 0 0 1 1

Paternal Education 0.229

<=High School Level of Education 67 (57.8%) 66 (68.8%) 77 (65.3%) 210 (63.6%)

>High School Level of Education 49 (42.2%) 30 (31.2%) 41 (34.7%) 120 (36.4%)

Missing 4 2 0 6

Paternal BMI 0.001

Healthy or Underweight 45 (39.1%) 48 (49.5%) 92 (81.4%) 185 (56.9%)

Overweight 70 (60.9%) 49 (50.5%) 21 (18.6%) 140 (43.1%)

Missing 5 1 5 11

Offspring Characteristics

Sex 0.941

Male 63 (52.5%) 51 (52.0%) 64 (54.2%) 178 (53.0%)

Female 57 (47.5%) 47 (48.0%) 54 (45.8%) 158 (47.0%)

Offspring Birthweight 0.193

Mean (SD) 3654.9 (576.2) 3563.1 (602.2) 3521.9 (554.2) 3581.4 (577.5)

Range 2041.0 - 5868.0 992.0 - 4933.0 2126.0 - 5557.0 992.0 - 5868.0

Offspring Birthweight 0.064

Upper Weight (>=3232 grams) 97 (80.8%) 70 (71.4%) 80 (67.8%) 247 (73.5%)

Lower Weight (< 3232 grams) 23 (19.2%) 28 (28.6%) 38 (32.2%) 89 (26.5%)

Offspring Gestational Age 0.538

Mean (SD) 40.3 (1.9) 40.1 (2.0) 40.3 (1.7) 40.2 (1.8)

Range 36.0 - 45.0 32.0 - 45.0 36.0 - 44.0 32.0 - 45.0

Missing 4 2 3 9

Offspring Gestational Age 0.325
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Full-Term 109 (94.0%) 87 (90.6%) 110 (95.7%) 306 (93.6%)

Preterm 7 (6.0%) 9 (9.4%) 5 (4.3%) 21 (6.4%)

Missing 4 2 3 9
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Table 2:

Population characteristics of parents and children divided into paternal PCB tertiles

Lowest PCB
Tertile (N=91)

Middle PCB
Tertile (N=108)

Highest PCB
Tertile (N=97) Total (N=296) p-value

Paternal Characteristics

Paternal PCB Level (ppb) 0.001

Geometric Mean (SD) 3.5 (1.4) 6.8 (1.1) 13.4 (1.6) 6.9 (1.9)

Range <LOD - 5.0 6.0 - 8.0 9.0 - 85.0 <LOD - 85.0

Maternal PCB Level (ppb) 0.145

Geometric Mean (SD) 4.5 (1.7) 5.0 (1.7) 5.1 (1.8) 4.9 (1.7)

Range <LOD - 20.0 <LOD - 17.0 <LOD - 22.0 <LOD - 22.0

Missing 8 7 3 18

Paternal Age at Offspring Birth 0.001

<=34 years old 85 (93.4%) 96 (88.9%) 71 (73.2%) 252 (85.1%)

>34 6 (6.6%) 12 (11.1%) 26 (26.8%) 44 (14.9%)

Paternal Education 0.426

<=High School Level of Education 59 (67.0%) 65 (60.7%) 67 (69.1%) 191 (65.4%)

>High School Level of Education 29 (33.0%) 42 (39.3%) 30 (30.9%) 101 (34.6%)

Missing 3 1 0 4

Paternal BMI 0.084

Healthy or Underweight 42 (49.4%) 70 (64.8%) 57 (61.3%) 169 (59.1%)

Overweight 43 (50.6%) 38 (35.2%) 36 (38.7%) 117 (40.9%)

Missing 6 0 4 10

Offspring Characteristics

Sex

Male 48 (52.7%) 57 (52.8%) 54 (55.7%) 159 (53.7%) 0.895

Female 43 (47.3%) 51 (47.2%) 43 (44.3%) 137 (46.3%)

Offspring Birthweight

Mean (SD) 3661.0 (521.1) 3554.2 (593.2) 3483.0 (529.4) 3563.7 (553.9) 0.086

Range 2126.0 - 5557.0 992.0 - 5000.0 2126.0 - 4933.0 992.0 - 5557.0

Offspring Birthweight

Upper Weight (>=3232 grams) 72 (79.1%) 74 (68.5%) 68 (70.1%) 214 (72.3%) 0.21

Lower Weight (< 3232 grams) 19 (20.9%) 34 (31.5%) 29 (29.9%) 82 (27.7%)

Missing 0 0 1 1

Offspring Gestational Age

Mean (SD) 40.7 (1.8) 40.0 (1.9) 39.9 (1.8) 40.2 (1.9) 0.005

Range 36.0 - 45.0 32.0 - 45.0 36.0 - 44.0 32.0 - 45.0

Missing 5 1 1 7

Offspring Gestational Age

Full Term 83 (96.5%) 100 (93.5%) 86 (89.6%) 269 (93.1%) 0.181

Preterm 3 (3.5%) 7 (6.5%) 10 (10.4%) 20 (6.9%)

Missing 5 1 1 7
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