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Abstract

Background: Exposure to endocrine-disrupting chemicals (EDCs) during sensitive 

developmental windows, such as in utero, may influence disease later in life but direct 

measurement of fetal hormones is not feasible. The ratio of the length of the second finger digit to 

the fourth digit (2D:4D), a sexually dimorphic trait, is a biomarker of androgen levels and the 

androgen/estrogen balance in utero. However, it is unclear whether in utero EDC exposure might 

alter 2D:4D ratio.

Aims: We examined 2D:4D ratio in Seveso children in relation to in utero exposure to a potent 

EDC, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) using linear regression.

Study design: The Seveso Women’s Health Study (SWHS) is a historical cohort study, 

following the health of women exposed to TCDD during a 1976 explosion in Seveso, Italy. 

Individual-level TCDD was measured for SWHS in serum collected soon after the accident. In 

2014, the SWHS children born after the explosion were enrolled in the Seveso Second Generation 

Study.

Subjects: 594 SWHS children born post-explosion to 397 mothers.

Outcome Measures: Right hand 2D:4D ratio.

Results: On average, 2D:4D ratio for males was significantly lower than for females (p<0.05). 

Overall, in utero TCDD exposure, either as maternal initial serum TCDD concentration or as 

TCDD extrapolated to pregnancy was not significantly associated with 2D:4D ratio in Seveso 

children. Results from all adjusted sensitivity analyses remained non-significant.
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Conclusions: Our results suggest in utero exposure to TCDD is not associated with alteration in 

2D:4D ratio.
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Introduction

Endocrine-disrupting chemicals (EDCs) can interact with or mimic endogenous endocrine 

compounds (1). Exposure to EDCs in utero when the human fetus develops organs and 

neural systems is hypothesized to play a causal role in female and male reproductive 

disorders and some cancers (2, 3). Although direct measurement of fetal hormone 

concentrations is not feasible due to risks to the pregnant woman and her fetus (4–6), the 

ratio of the length of the second finger digit to that of the fourth digit (2D:4D) of a child has 

been hypothesized to be a marker of in utero androgen exposure and the androgen/estrogen 

balance (5, 7, 8). In humans and other animals, the 2D:4D ratio is sexually dimorphic with 

females having a higher mean ratio than males (4, 7, 9). This ratio is thought to be fixed after 

about two years of age (10). Furthermore, the 2D:4D ratio has been associated with several 

health outcomes in humans, including coronary heart disease in males and breast cancer in 

females (11, 12).

Human and animal studies provide support for the hypothesis that 2D:4D ratio is a 

biomarker of fetal androgen levels (13–18). Two of three case-control studies of children 

with congenital adrenal hyperplasia (CAH) found a significantly lower 2D:4D ratio 

compared to controls of the same sex (15–17). Another case-control study observed that 

males with complete androgen insensitivity syndrome (CAIS) had 2D:4D ratios significantly 

higher than male controls, but not significantly different from female controls (18). Thus, 

there is evidence to support the hypothesis that 2D:4D ratio is a biomarker of fetal androgen 

levels.

There is a scarcity of research on the association between in utero exposure to exogenous 

EDCs and 2D:4D ratio (14, 19, 20). In mice, perinatal exposure to estrogenic or anti-

androgenic compounds including bisphenol A (BPA) alone or combined with vinclozolin or 

genistein was related to a higher digit ratio in males as well as in their male offspring. 

Wainstock et al. (20) examined 2D:4D ratio in children of Michigan residents exposed to 

polybrominated biphenyls (PBB), an EDC. Estimated in utero PBB exposure was non-

significantly associated with increased digit ratio in females but not males. However, the 

sample size included only 19 males and 32 females (20). To our knowledge, no other 

epidemiologic studies have examined in utero exposure to EDCs and 2D:4D ratio.

In 1976, an explosion at a chemical plant near Seveso, Italy released an aerosol cloud 

containing 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), exposing the residents to some of 

the highest levels of human exposure (21–24). TCDD is an endocrine disruptor that can 

interfere with estrogen and androgen signaling (25–27). It is lipophilic, has a half-life of 7 to 

9 years (28), and can cross the placenta (29). In the present study, we used data from the 

Seveso Women’s Health Study and the Seveso Second Generation Study, a prospective 
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cohort of the female residents and their children born after the accident (30, 31). We 

assessed whether increased maternal exposure to TCDD, based on concentrations measured 

in blood collected soon after the accident and extrapolated to the time of pregnancy, is 

associated with altered digit ratio of male and female Seveso children.

Materials and methods

Study Design and Participants

Details of the Seveso Women’s Health Study (SWHS) cohort have been described 

previously (30–32). Briefly, in 1996, women aged 0–40 years old at the time of the 

explosion, with an adequate stored serum sample collected soon after the explosion, and 

who lived in 1976 in Zones A or B (30) were eligible to participate in the SWHS. A total of 

981 women participated. In 2014, the Seveso Second Generation Study was initiated, 

including the SWHS women and their children age 2 years or older (31). Of 920 children 

alive and eligible, 611 (66.4%) born to 402 mothers completed the 2014 study visit. Of these 

children, we excluded 7 sets of twins (14 children) to remove a potential high source of 

correlation within the data, as we did not have information on whether they were dizygotic 

of monozygotic twins. We further removed two children who were missing 2D:4D ratio 

data, and one with a health condition related to abnormal hormone levels in utero (CAH by 

self-report), leaving a final analytic sample of 594 children (288 males, 306 females) born to 

397 mothers.

Interview

The study was approved by the Institutional Review Boards of the participating institutions. 

Informed consent was obtained from all adult participants (mothers and adult children). 

Mothers of children <18 years provided written consent for their child; children 7 to 12 

years provided oral assent and children 12 to 17 years provided written assent.

Details of the study procedures have been described previously (31). Briefly, interviews 

were conducted by trained nurse-interviewers who were blind to maternal exposure 

information, the zone of residence and serum TCDD concentrations (31, 33). Information 

collected from interviews of all adult participants included sociodemographic questions, 

personal habits, medical history, pregnancy history and pregnancy specific information 

(mothers and female children). Mothers of children age 2–17 years provided 

sociodemographic information and medical histories for their children (31).

Digit Ratio

The study outcome is the ratio of the lengths of the second and fourth finger digits (2D:4D). 

We measured these two digits for the right hand for all participants. In addition, we 

measured these digits on the left hand for participants who reported that they were left 

handed. Photocopies were made of the ventral surface (palm) of participants’ hands. Digit 

length was measured from the basal crease to the central tip of each finger, starting with the 

second finger, using Vernier calipers to the nearest 0.01mm, as done previously (34). If two 

creases were visible at the digit base, the crease closest to the palm was used. Two 

measurements were taken of each digit and the average of each digit measurement was used 
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to calculate 2D:4D for each hand. For the whole sample (n=594), the correlation between 

the repeated measurements was high (0.87). A random sample of 57 participants had repeat 

measurements made of the photocopy by a second rater; the intraclass correlation coefficient 

was 0.93.

TCDD Serum Concentrations and Total TEQ Serum Concentrations

Archived maternal serum samples collected by venipuncture near the time of the explosion 

were stored at −20°C until analyzed at the Centers for Disease Control (CDC). TCDD was 

measured using high-resolution gas chromatography/mass spectrometry (35). A 

“summation” method was used to measure the total lipid content of each sample (36). 

Measurements were lipid adjusted and reported in parts per trillion (ppt) (33). For women 

with TCDD measurements below the limit of detection (average LOD = 18.8 ppt), a TCDD 

level of half the LOD was assigned (n=40, 10%) (37).

For a subset of women with a child born after January 1, 1994, total dioxin toxic equivalents 

(TEQ), a more comprehensive exposure measure to dioxins and dioxin-like chemicals, was 

also measured in serum collected in 1996 and 2008 (38). Serum samples were analyzed for 

seven polychlorinated dibenzo-p-dioxins (PCDDs), 10 polychlorinated dibenzofurans 

(PCDFs), and 12 polychlorinated biphenyls (PCBs) using high-resolution gas 

chromatography/isotope-dilution high resolution mass spectrometry (39, 40). Total TEQ was 

calculated using the 2005 WHO-Toxicity Equivalency Factor (TEF) system (41). Individual 

compounds where < 50% of samples were above the LOD were excluded from the total 

TEQ calculations (5 PCDFs, 2 PCBs).

As previously described, maternal TCDD and total TEQ were estimated at pregnancy based 

on a first-order kinetic model that varied with initial dose, age at explosion and additional 

covariates (31, 38). Maternal serum TCDD and total TEQ at pregnancy was estimated using 

the mother’s most recent serum sample measurement prior to the pregnancy (1976, 1996, 

2008). For women with TCDD measurements below the limit of detection (1996 LOD 1.0 

ppt, n=13; 2008 LOD 0.3 ppt, n=16), we assumed the most proximal TCDD concentration 

was equal to the LOD (35, 38). Total TEQ estimated at pregnancy was available for a subset 

of the sample (n=161 overall, 81 males and 80 females of 121 mothers).

Statistical Analysis

We examined exposure in three ways: 1) initial maternal serum TCDD collected near 1976; 

2) TCDD level extrapolated to the time of pregnancy; and 3) total TEQ level extrapolated to 

time of pregnancy. All exposure measures (1976 serum TCDD, TCDD estimated at 

pregnancy, total TEQ estimated at pregnancy) were right skewed and log10 transformed to 

create an approximately normal distribution. The transformed exposure variables were then 

analyzed as continuous variables.

We assessed normality of digit measurements and 2D:4D ratio using a Shapiro-Wilk test. In 

order to compare digit measurements and 2D:4D ratio between males and females, we used 

ANOVA, with a significance level of 0.05.
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In order to assess the relationship between maternal serum levels of TCDD or total TEQ and 

child right hand 2D:4D ratio, we performed linear regression analyses overall and stratified 

by child sex. In the overall models, we included a variable for child sex and an interaction 

term for child sex and exposure (1976 TCDD, TCDD estimated at pregnancy, total TEQ 

estimated at pregnancy) in order to test for interaction between exposure and child sex. To 

account for siblings in the main analyses, we used a clustered Huber-White sandwich 

estimator to account for non-independence. For any sensitivity analyses that did not include 

siblings, we used the robust Huber-White sandwich estimator to estimate standard errors 

(42, 43).

Potential confounders were identified a priori from the literature and using a directed acyclic 

graph (DAG). Maternal age at explosion, child age, and maternal smoking during pregnancy 

were identified as potential confounders (20, 44). Based on the DAG, we selected a 

minimally sufficient set of covariates to block all backdoor paths. Therefore, we adjusted for 

child age and maternal smoking during pregnancy (yes/no). No participants were missing 

data on child age, and for participants missing data on maternal smoking during pregnancy 

(n=4), values were imputed with “no” since the majority were non-smokers.

We performed a number of sensitivity analyses. First, we excluded participants with 

conditions that may affect finger measurement, such as a history of broken fingers (n=51) 

and syndactyly at birth (n=1). We also excluded participants with conditions that may 

indicate abnormal exposure to hormones in utero unrelated to TCDD exposure such as 

children with hypospadias/epispadias (n=2) (13). Additionally, we limited the analysis to 

each woman’s first post explosion live birth (n=363), since maternal body burden of TCDD 

would be highest for the pregnancy closest to the explosion. Due to our exclusion of twins 

from the main analysis, we performed a sensitivity analysis including 13 children, since one 

child was missing 2D:4D ratio. As the main analyses were for right hand 2D:4D, we 

performed analyses limiting the sample to those who were right hand dominant (n=559). We 

also performed analyses substituting the left hand 2D:4D measures for the n=35 left hand 

dominant participants. Finally, we repeated final models excluding n=3 observations with 

studentized residuals > 3 or < −3. All analyses were conducted using STATA 15.0 (45).

Results

Maternal and Child Characteristics

About half of the Seveso children were female (51.5%) and 94.1% were right-hand 

dominant (Table 1). Most were 18 years or older at the time of the interview (70.9%), with 

an average age of 23.8 (standard deviation 9.3) years. About 60% of children were the first 

born after the explosion. Median (interquartile range [IQR]) for 1976 maternal serum TCDD 

was 54.3 (25.7, 125.5) ppt among males and 70.2 (31.4, 180.0) ppt among females. Median 

maternal serum TCDD levels estimated at pregnancy were 11.3 (5.9, 29.5) ppt for males and 

15.8 (6.4, 35.7) ppt for females. TCDD measures did not differ significantly by child sex or 

age. Total TEQ estimated to the pregnancy also did not differ between males and females: 

22.3 (18.4, 29.9) ppt and 23.3 (17.1, 32.4) ppt, respectively.
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At the time of the explosion, 22.7% of Seveso mothers were age 0 to 10 years, and 50.4% 

were age 11 to 20 years. At the time of pregnancy, most were 30 years or younger (59.0%), 

and 10.4% of mothers smoked during their pregnancy.

Digit Ratios

Figure 1 presents boxplots of digit measurements and 2D:4D ratio by child sex. The mean 

2D:4D digit ratio for males (mean=0.963, SD=0.036) was significantly lower than for 

females (mean=0.977, SD=0.036) (p < 0.01). For the 35 participants with both left and right 

hand 2D:4D ratios measured, the mean difference between the right and left hand 2D:4D 

ratio was −0.020. Figure 2 presents 2D:4D ratio by child age. Among the full group, 2D:4D 

ratio was significantly correlated with age (n=594, r = 0.125, p=0.002); results were similar 

for both females (r = 0.140, p=0.01) and males (r = 0.113, p=0.06).

2D:4D Ratios and TCDD concentrations

In crude and adjusted models, there were no significant associations between maternal 1976 

serum concentrations of TCDD and right hand 2D:4D ratio for Seveso children overall (adj-

β per 10-fold increase in TCDD=0.000, 95% CI: −0.005, 0.005) or for either sex (females: 

adj-β=0.000, 95% CI: −0.007, 0.007; males: adj-β=0.000, 95% CI: −0.008, 0.008) (Table 2). 

Similarly, there were no significant associations of maternal TCDD estimated at the time of 

the pregnancy and 2D:4D ratio (for a 10-fold increase in maternal serum TCDD estimated at 

pregnancy adj-β=−0.002, 95% CI: −0.008, 0.005 overall; adj-β=−0.003, 95% CI: −0.011, 

0.005 for males; adj-β=0.000, 95% CI: −0.009, 0.008 for females). Results were likewise 

null for total TEQ estimated at pregnancy and 2D:4D ratio. The interaction between child 

sex and exposure (maternal 1976 serum TCDD, maternal TCDD estimated at pregnancy, 

maternal total TEQ estimated at pregnancy) was not significant for any of the models.

In sensitivity analyses (see Supplementary Tables 1–3), results were not meaningfully 

different when we excluded participants with conditions that may affect finger measurement 

(n=52) or those with conditions that may indicate abnormal exposure to hormones in utero 
(n=2). Limiting the analysis to first post-explosion livebirth (n=363), or including twins with 

non-missing exposure and outcome data (n=13) did not meaningfully change the results. 

When we limited the analysis to participants who were right hand dominant (n=559) or 

substituted left-hand measures for participants who were left hand dominant (n=35), the 

results were not different. Finally, excluding participants with studentized residuals >3 or <

−3 (n=3) did not change results meaningfully.

Discussion

In the Seveso Second Generation study, consistent with previous literature, we found the 2D:

4D ratio among Seveso children is sexually dimorphic with females having a higher mean 

ratio than males. In this investigation of children born to a highly TCDD-exposed 

population, we did not find any significant associations between in utero TCDD exposure 

either based on maternal initial serum TCDD concentration or TCDD extrapolated to 

pregnancy, and 2D:4D digit ratio in Seveso children in crude and adjusted analyses. When 

we assessed exposure to dioxin-like compounds using total TEQ, we also did not find any 

Slama et al. Page 6

Early Hum Dev. Author manuscript; available in PMC 2020 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



significant associations. Additionally, we found no evidence of associations in sensitivity 

analyses.

While literature on this topic is sparse, our results are consistent with the null findings in the 

only other paper in humans assessing in utero exposure to EDCs, albeit to a non-dioxin like 

compound, PBB-153, and 2D:4D ratio (20). In addition, our finding of a significantly higher 

2D:4D digit ratio in females than males agrees with the literature (4, 6, 7, 9).

There is some debate about the relationship between digit ratio and age in the literature. 

Some suggest that digit ratio is fixed at age 2, while others suggest that digit ratio may 

increase slightly with age (5, 13, 14, 20). Two studies have longitudinally assessed 2D:4D 

and found that while 2D:4D increased slightly with age, the rank order of digit ratios 

remained the same (46, 47). In our large study, we also found a small positive correlation 

albeit significant between child age and 2D:4D. During puberty and adolescence, there are 

large changes in growth rates and bone lengths in the hand. Under the hypothesis that 2D:4D 

ratios reflect fetal hormone levels of androgens and estrogens, these sex hormones may 

influence growth during puberty and adolescence. This may contribute to the variation in 

finger lengths and therefore finger ratios across time (46, 47).

One cross-sectional study found an association between maternal smoking during pregnancy 

and a lower right hand 2D:4D ratio in boys age 5 to 11 years (44). In our study, although 

median TCDD estimated at pregnancy was higher among mothers who smoked during 

pregnancy, maternal smoking during pregnancy (cigarettes/day) was not significantly 

correlated with 2D:4D ratio in either sex (females: r = 0.08, p=0.17; males: r = 0.00, 

p=0.99), and we controlled for maternal smoking during pregnancy. Because there is little 

known about other potential influences on 2D:4D ratio, it is possible we did not include all 

appropriate confounders.

A limitation of the study is that 66.4% of eligible children participated and females (72.1% 

of eligible) were more likely to participate than males (61.3% of eligible). However, there 

was no difference between participants and non-participants in child age at follow up or 

measures of in utero TCDD exposure (maternal initial serum TCDD or maternal TCDD 

estimated at pregnancy).

This study also has several strengths. To our knowledge, our study has the largest sample 

size (n=594) investigating exposure to an EDC and 2D:4D ratio, compared to the sample 

size of Wainstock (n=51) (20). Furthermore, we have TCDD measured in serum collected 

close to the time of the 1976 explosion, and thus capture the women’s highest lifetime dose. 

These serum measures were used to estimate maternal serum TCDD exposure during 

pregnancy, and we would expect any non-differential exposure misclassification to be 

towards the null. While TCDD is only one congener, we also investigated a more 

comprehensive exposure measure of dioxins and dioxin like compounds (total TEQ) during 

pregnancy in a subset of participants and results remained null.

The Seveso Second Generation study measured digits indirectly, using a standardized 

method of measurement from photocopies. There is some evidence that 2D:4D ratios 

measured indirectly are lower than 2D:4D ratios measured directly, and that the sex 
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difference from indirect methods is larger than the sex difference from direct methods (9, 

34). As those performing the measurements were blind to exposure information, we would 

expect any bias from measurement error to be non-differential.

The population of Seveso is relatively ethnically homogenous, with all women and children 

in our sample self-reporting as Caucasians of European descent. As studies have found 

greater variability of 2D:4D among different ethnic groups, the ethnic homogeneity of the 

Seveso study population will help mitigate these problems of ethnicity confounding the 

associations with exposure measurements (4).

In summary, although we observed a difference in digit ratio by sex in the Seveso Second 

Generation study our results suggest in utero exposure to TCDD is not associated with 

alteration in 2D:4D ratio. While the difference in 2D:4D ratio between males and females 

gives support for the hypothesis that digit ratio reflects androgen levels and the balance 

between androgen and estrogen levels in utero, it is unclear whether exogenous chemical 

exposures during pregnancy can influence 2D:4D ratio. Human studies that have found 

differences in digit ratio have all been in study populations where the endogenous hormonal 

disturbance in utero from genetic conditions is quite large (16–18, 48). The SWHS mothers 

experienced a wide range of TCDD exposures from the initial 1976 accident, and median 

maternal TCDD levels at pregnancy remained higher compared to background levels of 

TCDD (around 1.3 ppt worldwide for 1989–2010) (49). Despite maternal exposure to a 

potent endocrine disruptor, we found no evidence of an association between in utero TCDD 

exposure and 2D:4D ratio. It is possible in utero exposure to other EDCs may influence digit 

ratio.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• A 1976 explosion in Seveso, Italy exposed residents to high levels of TCDD.

• Children of Seveso female residents were enrolled in a second-generation 

study.

• Examined digit ratio (2nd:4th digit length) in relation to in utero TCDD 

exposure.

• Digit ratio among Seveso children was sexually dimorphic (females > males).

• No associations between in utero TCDD exposure and digit ratio were found.
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Figure 1. 
Boxplots of right hand a) digit measurements and b) 2D:4D ratio stratified by child sex, 

Seveso Second Generation Study, Seveso, Italy, 2014–2016.

Abbreviations: 2D, 2nd digit; 4D, 4th digit.
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Figure 2. 
Scatterplot of right hand 2D:4D ratio by child age, Seveso Second Generation Study, Seveso, 

Italy, 2014–2016.
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Table 1.

Select maternal and child characteristics by maternal 1976 serum TCDD levels and maternal TCDD estimated 

at pregnancy, Seveso Second Generation Study, Seveso, Italy 1976–2016.

Characteristic n (%) 1976 TCDD (ppt) Median (IQR) Pregnancy TCDD (ppt) Median 
(IQR)

Total Children 594 (100.0) 63.3 (29.1, 160.0) 13.6 (6.2, 32.6)

Child sex

 Male 288 (48.5) 54.3 (25.7, 125.5) 11.3 (5.9, 29.5)

 Female 306 (51.5) 70.2 (31.4, 180.0) 15.8 (6.4, 35.7)

Child age at interview (years)*†

 2–6 18 (3.0) 191.6 (86.7, 389.0) 4.4 (1.5, 10.0)

 7–17 155 (26.1) 95.8 (44.4, 247.0) 4.5 (2.7, 9.5)

 18–29 224 (37.7) 64.2 (29.1, 122.5) 14.2 (7.9, 28.9)

 30–39 197 (33.2) 41.9 (21.3, 98.9) 32.0 (16.6, 69.4)

Primary wage earner’s education

 < Required 174 (29.3) 64.7 (29.9, 164.0) 12.1 (6.4, 27.4)

 Required/high school 219 (36.9) 64.4 (33.2, 191.0) 13.8 (5.9, 34.9)

 University 201 (33.8) 52.9 (23.9, 129.0) 15.5 (6.4, 36.2)

Dominant hand*†

 Left 35 (5.9) 111.0 (50.5, 315.0) 22.5 (8.9, 108.8)

 Right 559 (94.1) 61.2 (28.6, 157.0) 13.3 (6.1, 32.0)

Post explosion birth order
†

 1 363 (61.1) 65.3 (30.6, 167.0) 16.4 (7.4, 40.9)

 2 200 (33.7) 58.6 (26.9, 138.5) 9.9 (4.9, 24.1)

 ≥ 3 31 (5.2) 49.9 (19.5, 105.0) 8.6 (3.2, 19.5)

Total Mothers 397 (100.0) 63.2 (29.1, 162.0)

Maternal characteristics at explosion (n=397 
mothers)

Age at explosion (years) *

 0–10 90 (22.7) 166.5 (57.6, 348.0) --

 11–20 200 (50.4) 54.0 (24.3, 114.5) --

 21–30 99 (24.9) 43.7 (23.9, 98.9) --

 31–40 8 (2.0) 53.3 (29.6, 125.0) --

Maternal characteristics at pregnancy (n=594 
pregnancies)

Age at pregnancy (years) *†

 < 25 106 (17.8) 44.0 (20.7, 109.0) 25.5 (11.7, 56.5)

 25–30 245 (41.2) 59.4 (29.9, 136.0) 16.0 (7.7, 33.3)

 31–34 133 (22.5) 85.1 (35.5, 238.0) 9.2 (4.4, 26.2)

 ≥ 35 110 (18.5) 70.1 (33.2, 162.0) 6.6 (3.4, 19.6)

Smoking during pregnancy 
†a

 No 532 (89.6) 63.7 (29.9, 164.0) 12.8 (5.9, 32.4)
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Characteristic n (%) 1976 TCDD (ppt) Median (IQR) Pregnancy TCDD (ppt) Median 
(IQR)

 Yes 62 (10.4) 55.2 (21.9, 109.0) 18.7 (8.9, 37.5)

Weight gain during pregnancy (kg)
b

 <10 123 (20.7) 72.6 (38.2, 130.0) 16.1 (5.6, 38.7)

 10–14 287 (48.3) 53.3 (26.1, 135.0) 13.6 (6.5, 32.4)

 15–29 118 (19.9) 57.6 (21.6, 191.0) 11.6 (5.0, 27.7)

 ≥20 66 (111) 78.9 (40.1, 223.0) 10.7 (6.4, 31.9)

Maternal characteristics at time of interview 
(n=397 mothers)

Marital status 
c

 Married/cohabitating 332 (87.4) 63.4 (29.4, 158.5) --

 Not married/cohabitating 48 (12.6) 71.5 (31.1, 175.8) --

Maternal education 
d

 < Required 171 (45.5) 61.2 (25.2, 122.0) --

 Required/high school 82 (21.8) 63.7 (33.2, 179.0) --

 University 123 (32.7) 67.5 (30.2, 199.0) --

*
ANOVA p-value<0.05 for 1976 TCDD.

†
ANOVA p-value<0.05 for TCDD estimated at pregnancy.

a
Missing data on maternal smoking during pregnancy for 4 pregnancies, imputed with 0 (no).

b
Missing data on pregnancy weight gain for 11 children, imputed with median (12 kg).

c
Missing marital status for 17 mothers.

d
Missing maternal education for 21 mothers.
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