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Abstract 

In Odense Child Cohort (OCC), concentrations of the pesticide metabolites 3-phenoxybenzoic acid (3-

PBA), 3,5,6-trichloro-2-pyridinol (TCPY), 2,4-Dichlorophenoxyacetic acid (2,4-D) and dialkyl phosphates 

(DAPs) were measured in urine samples collected in gestational week 28 in up to 858 women. 

Gestational length, birth weight, head and abdominal circumference were obtained from birth records and 

anogenital distance (AGD) was measured at age three month. We did not find consistent dose-related 

associations between pesticide metabolite concentrations and birth outcomes or AGD. However, females 

tended to have shorter abdominal circumference with higher maternal 3-PBA concentrations (β: -0.3 (95% 

CI: -0.5, -0.003) cm). Further, a non-significant dose-related elongation of AGD in females was seen for 3-

PBA (p-trend: 0.14) and diethyl phosphates (p-trend: 0.08). In males, exposure to 2,4-D in the second 

compared to the first tertile showed a statistically significant shorter AGD (β: -1.55 (-2.81, -0.28) mm). 

These findings may suggest a weak disturbance of sex-hormone action. 

 

Keywords: endocrine disruption, reproduction, organophosphate insecticides, chlorpyrifos, pyrethroids, 

2,4-D, anogenital distance 
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1. Introduction 

Organophosphate and pyrethroid insecticides and the herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) 

are some of the most commonly used pesticides worldwide and residues of these pesticides are among 

the most frequently detected in food items at the European market [1]. In Denmark, organophosphates 

are no longer allowed for food production but residues are still frequently detected in imported food items 

with residues of chlorpyrifos being most prevalent [2]. While the quantity of organophosphates used is 

declining, the use of pyrethroids is increasing both for agricultural use and for residential pest control [3]. 

2,4-D is used to control broadleaf weeds in agricultural and residential settings and as a growth regulator 

in citrus fruit production [4]. All these pesticides are non-persistent with biologic half-lives of hours to days   

and they are able to cross the placenta in humans [5]. In experimental studies, 2,4-D and some 

organophosphates and pyrethroids have been identified as potential endocrine disruptors with capacity to 

interfere with sex hormone action [6-9].  

We previously reported higher prevalence of cryptorchidism and smaller genitals at age 3 months and at 

school age in boys whose mothers were occupationally exposed to pesticides in early pregnancy 

compared to sons of unexposed mothers [10, 11]. In prenatally exposed girls from the same cohort, we 

found earlier breast development and higher childhood serum concentrations of androstenedione 

compared to unexposed girls [12]. However, potential adverse effects on reproductive development, e.g. 

anogenital distance in humans at exposure levels occurring in the general population have not been 

investigated.  

 

Anogenital distance (AGD), the distance between anus and genitals, is routinely used in rodent studies as 

a marker of androgen action during an early fetal reproductive programming window [13].  AGD is sexual 

dimorphic with males having a larger AGD than females [14]. Insufficient androgen action reduces AGD in 

male rats whereas excessive androgen exposure increases AGD in female rats [13]. Human studies 

suggest similar adverse effects, as maternal exposure to phthalates (with anti-androgenic action) [15] has 

been associated with shorter AGD in male offspring [16]. Few human studies have examined AGD in 

females. In rodents, the pyrethroid deltamethrin [17] and the organophosphates fenitrothion [18] and 
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chlorpyrifos-methyl [19] have been associated with altered AGD in offspring but to our knowledge no 

human studies have been conducted. We therefore used maternal urinary concentrations of 2,4-D and 

organophosphate and pyrethroid insecticimetabolites as biomarkers for prenatal exposure to these 

pesticides and investigated potential associations with birth outcomes (birth weight, head and abdominal 

circumference and gestational length) and AGD in the offspring at three months of age in 858 mother-

child pair from the Odense Child Cohort.  

 

2. Materials and Methods 

2.1 Study population 

Participants for this study were derived from the Odense Child Cohort (OCC). Briefly, all women living in 

the municipality of Odense who were newly pregnant between 1st of January 2010 and 31st of December 

2012 were invited to participate (a total of 6707). They were recruited either at a voluntary meeting 

regarding ultrasound examinations, at their first antenatal visit or at the ultrasound examination at Odense 

University Hospital between gestational age (GA) 10–16 weeks. Of the eligible women, 4017 were 

informed and 2874 (43%) agreed to participate. Information on birth outcomes was available for 2522 

children and 2338 of them also completed the clinical examination at 3 months where AGD was 

measured [20]. 

At GA 28 weeks, the participating women donated a urine sample, and twice during pregnancy, they filled 

out a questionnaire on e.g. general health, lifestyle and social factors. Information on maternal age, 

ethnicity and educational level was obtained from the questionnaire completed at the time of inclusion, 

while information on parity, smoking and child sex was derived from the birth records. Information on 

educational level was missing in the questionnaires for 132 women for which information on occupation 

was retrieved from the birth records and used to estimate educational level whenever possible.  

2.2 Birth outcomes and AGD  

Information about birth weight (grams), head circumference (cm), abdominal circumference (cm) and 

gestational age (days) was obtained from birth records. A clinical examination including measurements of 
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length, weight and AGD was scheduled to take place three months after expected due date, regardless of 

actual gestational age at birth. The AGD was measured using a Vernier caliper and expert-trained 

technicians conducted the measurements. In males, a short AGD was measured from the center of anus 

to the posterior base of scrotum (AGDas) and a long AGD was measured from the center of anus to the 

cephalad insertion of the penis (AGDap). Correspondingly in females, a short AGD was measured from 

the center of anus to the posterior fourchette (AGDaf) and a long AGD from the center of anus to the top 

of clitoris (AGDac) The measurements were conducted three times for each child in order to decrease the 

risk of measurement bias. An arithmetic mean was calculated for each type of AGD measure on each 

child.  For all three AGD measurements the coefficient of variation (CV) was below 10 %, except for 

AGDaf, in which two females had CV’s of 10 % and 14 %, respectively. Four trained technicians 

performed all measurements in order to minimize the risk of inter-observer variations [21].  

 

2.3 Exposure measurements 

Urine sample were donated by 1603 of the participating women around gestational week 28 (range 27.0 - 

28.6) and due to other examinations being conducted the same day the women were fasting. Of these a 

total of 858 women had their urine analyzed for the specific metabolite of chlorpyrifos/chlorpyrifos-methyl, 

TCPY (3,5,6-trichloro-2-pyridinol), the generic pyrethroid metabolite, 3-PBA (3-phenoxybenzoic acid) and 

the herbicide 2,4-D, whereas 564 of these also had their urine analyzed for six unspecific 

organophosphate (OP) metabolites (dialkyl phosphates, DAPs): three dimethyl (DM) phosphate 

metabolites (dimethyl phosphate (DMP), dimethyl thiophosphate (DMTP), dimethyl dithiophosphate 

(DMDTP)) and three diethyl (DE) phosphate metabolites (diethyl phosphate (DEP), diethyl thiophosphate 

(DETP), and diethyl dithiophosphate (DEDTP)). The first 200 urine samples were selected randomly, 

whereas the remaining were selected based upon availability of information from questionnaires, birth 

records and AGD measurements from the three-month examination. The urine samples were stored in 

freezers at -80 degrees Celsius at the Odense Patient data Explorative Network (OPEN) [20] until 

analysis. 

 



 6 

Urine concentrations (μg/L) of TCPY, 3-PBA, and 2,4-D were measured by reversed-phase high 

performance liquid chromatography and tandem mass spectrometry with isotope dilution quantitation, 

according to the method described by Davis et al. [22] after minor modifications. Spectrophotometric 

determination of creatinine concentrations was conducted on a Konelab 20 Clinical Chemistry Analyzer, 

using a commercial kit (Thermo, Vantaa, Finland). The analysis of TCPY, 3-BPA, 2,4-D and creatinine 

were performed at the Environmental Medicine Laboratory, University of Southern Denmark (SDU). 

Urine analyses of DAPs were performed at the Flemish Institute for Technological Research NV (VITO), 

Belgium using solid phase extraction (SPE) followed by Ultra Performance Liquid Chromatography-

tandem mass spectrometry  (UPLC-MS/MS). Briefly, the urine samples were acidified and spiked with 

mass-labeled internal standards and concentrated using SPE. The compounds of interest were eluted 

with 5% NH4OH in methanol. The extract was evaporated to dryness and reconstituted with UPLC-grade 

water. An aliquot of the extract was injected into the LC–MS/MS system (Waters, Milford, MA, USA). The 

phosphate metabolites were separated on an Acquity UPLC RP shield column (100 mm × 2.1 mm; 1.7 

µm). The column temperature was kept at 40 ◦C. Optimum separation was obtained with a binary mobile 

phase constituted of ultrapure water (solvent A) and acetonitrile (solvent B), both solvents acidified with 

0.1% formic acid. The flow rate of the mobile phase was 0.4 mL/min. The UPLC system was coupled to a 

Waters Xevo TQ-S tandem mass spectrometer and operated in the negative electrospray ionization mode 

(ESI−). The system was operated in multiple reaction-monitoring (MRM) mode after selection of the 

characteristic precursor and product ions of each analyte. The metabolite concentrations were converted 

from μg per liter urine to their molar concentrations (nmoles per liter) and summed to obtain the total 

concentration of dimethyl phosphate metabolites ((DM), sum of DMP, DMTP, and DMDTP), diethyl 

phosphate metabolites ((DE), sum of DEP, DEDTP, and DEDTP), and total DAP (sum of all six 

metabolites). 

 

2.2 Ethics 

The study was conducted in accordance with the principles of the Declaration of Helsinki and the women 

provided written informed consent to participate. The study was approved by The Regional Committees 
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on Health Research Ethics for Southern Denmark (S-20090130) and the Danish Data Protection Agency 

(13/14088). 

 

2.3 Statistics 

To correct for urinary dilution, all pesticide metabolite concentrations were expressed per gram creatinine.  

The distributions of all urinary pesticide concentrations were not normally distributed and therefore 

reported as medians. For further analyses, the continuous concentrations were both transformed by the 

use of natural logarithm (ln(2)) and divided into tertiles. Differences in concentrations according to 

maternal characteristics were tested by Kruskal Wallis test or Willcoxon rank sum test.  

Linear regression analysis was conducted to estimate associations between creatinine adjusted maternal 

urinary TCPY, 3PBA, 2,4-D, ΣDAP, ΣDE and ΣDM concentrations, and birth outcomes and AGD at three 

months of age and adjusted for potential confounders. Confounders included in the final models were 

known to be possible predictors for birth outcomes or AGD and were associated with pesticide exposure. 

The models investigating pesticide metabolites and birth weight, head and abdominal circumference were 

adjusted for maternal education, pre-pregnancy body mass index (BMI), smoking and gestational age, 

whereas the models of gestational age were adjusted for maternal educational level, pre-pregnancy BMI 

and smoking. A test for trend a cross the exposure categories were conducted for all outcomes, and all 

analyses were stratified by child sex as sex dimorphic effects were expected. In the models for birth 

outcomes, the analyses with 3-PBA were repeated adjusting for parity as the concentration of 3-PBA (but 

none of the other metabolites), seemed to be related to the number of previous births.  

AGD is associated with weight and age and a measure of “post-conceptual-age” was therefore 

constructed. The “post-conceptual-age” was defined as the sum of gestational age at birth (days) and the 

age of the child (days) at the three-months examination. Furthermore, an age-and-sex specific Z-score for 

the weight of the child was calculated from all 2041 singleton children who completed the three-months 

examination in the OCC. The linear regression models of the association between pesticide metabolites 

and AGD were thus adjusted for weight-for-age Z-score and age at 3-month examination. Due to known 

ethnic differences in size at birth and AGD [23], we repeated the analyses after excluding women with 
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non-Western ethnicity (mother or maternal parents born in Western countries (yes/no)). We also did a sub 

analysis adjusting for maternal education level. In all final models, we checked for normal distribution of 

the residuals as well as linearity and homogeneity. The model assumptions for linear regression analysis 

seemed satisfied. Analyses were conducted in STATA 14 and results are presented with 95% confidence 

intervals, and p-values <0.05 were considered statistically significant. 

 

3. Results 

Of the 858 women who had their urine sample analyzed for pesticides (564 for DAPs), information on 

birth weight, gestational length, and abdominal circumference was also available for 414 of the males and 

366 of the females. Head circumference was measured in 411 males and 364 females, and at least one 

of the AGDs was measured in 420 males and 326 females. The mean age of the participating women was 

30.3 years, 56% of the women were primiparous, 97 % were of European origin and 4% smoked during 

pregnancy. Mean gestational age was 280 days whereas the mean birth weight was 3606 g for males and 

3475 g for females. The mean abdominal circumferences at birth were 33.1 and 33.0 cm, and the mean 

head circumferences were 35.4 and 34.8 cm for males and females, respectively (Table 2). Significantly 

fewer smokers (4% vs. 7% p=0.007) and mothers of non-European origin (3% vs. 6% p<0.001) in our 

study population compared to all participating women in the OCC were found. Further, pre-pregnancy BMI 

was higher in our study population (p=0.008). Maternal age, parity and birth measurements did not differ 

(data not shown). 

Concentrations of 2,4-D were detectable in 97.6%, 3-PBA in 94.3% and TCPY in 93.1% of the pregnant 

women (Table 1). Mothers with a high pre-pregnancy BMI had lower concentrations of DAPs and 2,4-D 

while 3-PBA tended to be higher (Table 2). Further, 3-PBA was lower in multiparous women. A higher 

maternal education was associated with higher concentrations of TCPY and 2,4-D (Table 2).  

No clear patterns of associations between maternal pesticide exposure and birth outcome were seen. 

Gestational length tended to be longer for males in the third tertile of maternal DAP concentration 

compared to the males in the first tertile (3.2 (95% CI: 0.1, 6.4) days, p-trend: 0.05)(Table 4). Further, a 

tendency towards a smaller abdominal circumference with increasing 3-PBA concentrations was seen in 
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females (β: -0.3 (95%CI: -0.5, -0.003) cm). Further adjustment for parity did not change the association 

(data not shown). 

We did not find statistically significant dose-related associations between the maternal urinary 

concentrations of any pesticide metabolite and AGD in the offspring (Figure 1 and 2). However, a 

tendency towards a longer AGD with higher maternal concentrations of 3-PBA (AGDac, p-trend: 0.14) and 

ΣDE (AGDac, p-trend: 0.08) was seen in females. For males, we found a non-statistically significant 

tendency towards a shorter AGD in those exposed to higher levels of TCPY and 2,4-D. Furthermore, 

males with maternal concentrations of 2,4-D in the second compared to the first tertile had a statistically 

significant shorter AGD (AGDas: -1.55 (95% CI: -2.81, -0.28) mm and AGDap: -1.62 (95% CI: -3.00, -

0.24) mm) (Table 3). Analyses excluding women of non-Western origin (N=9) or further adjustment for 

maternal educational level did not affect the findings. 

 

4. Discussion 

In this prospective study of 858 mother-child pairs, we did not observe any statistically significant dose-

response associations between maternal urinary concentrations of pesticide metabolites and AGD in their 

offspring at three months of age. However, weak sexually dimorphic associations were indicated, as 3-

PBA and ∑DE tended to be dose-related to a longer AGDac in females and as males in the intermediate 

tertile of 2,4-D compared to the first tertile had shorter AGDs. The tendencies observed suggest that in 

utero exposure to the pesticides may be associated with slightly altered androgen action during the early 

stages of development of the reproductive system, which may be of concern due to the widespread 

exposure and increasing use of pyrethroids. Since no change was seen between the first and third tertile 

of 2,4-D in males, we cannot eliminate the possibility that the finding may be due to chance or influenced 

by negative confounding [24], e.g. from beneficial effects of fruit and vegetables intake that outweighs the 

potential negative effect of pesticide exposure. 

Further, we observed a smaller abdominal circumference in females with increasing maternal 

concentrations of 3-PBA. For gestational length, birth weight, or head circumference we did not find any 

consistent associations to the urinary concentrations of the pesticide metabolites. 
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TCPY, 3-PBA and 2,4-D were detectable in more than 90 % of the women in our study indicating a 

widespread exposure of the Danish population. The urinary concentrations of DAPs, TCPY, 3-PBA, and 

2,4-D were in general lower than reported in recent studies from the US and Canada [25-29], but similar 

or higher than concentrations reported in most European studies [30-34]. However, the urine samples 

analyzed in our study were obtained after over-night fasting and this might have underestimated the 

exposure levels.  

 

Occupational or residential exposure to pesticides during pregnancy has in some studies been related to 

lower birth weight [35, 36] or length [37] in the offspring or shorter gestational length [38]. In some of 

these studies, the adverse birth outcomes were demonstrated to be associated with maternal urinary 

concentrations of TCPY or DAPs. However, at lower exposure levels, as seen in the general population, 

there seem to be no consistent association to adverse birth outcomes [29, 39]. Only few studies have 

investigated associations between maternal urinary concentrations of 3-PBA and fetal growth indices and 

the majority of these studies reported no significant adverse effects [40-42]. No studies investigating 

exposure to 2,4-D and birth outcomes were found. Thus, the findings from our study of no consistent 

associations between maternal urinary pesticide metabolite concentrations and gestational age, birth 

weight and head circumference are in agreement with findings from other studies based on non-

occupational exposed populations with low residential use of pesticides. However, the association 

between 3-PBA exposure and a smaller abdominal circumference observed in females in the present 

study, might indicate a slight impairment of intrauterine growth as abdominal circumference at birth 

reflects abdominal fat and/or liver size [43]. Although 3-PBA was not significantly associated with lower 

birth weight in this study, such an association has been reported in a previous study albeit at higher 

maternal urinary concentrations of 3-PBA [41]. We can however not eliminate the possibility of residual 

confounding from lifestyle factors, not accounted properly for through the educational level variable (e.g. 

healthy eating), associated with pyrethroid exposure [44].  
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To our knowledge, no previous human studies have investigated associations between in utero exposure 

to pesticides and AGD in the offspring. We previously reported higher prevalence of cryptorchidism and 

smaller genitals in boys and earlier breast development and higher childhood serum concentrations of 

androstenedione in girls whose mother were occupationally exposed to pesticides in early pregnancy 

compared to children of unexposed mothers [10, 11]. Unfortunately, we did not measure AGD in these 

children and the study design did not allow identification of specific pesticides associated with the 

findings.  

 

The tendency to a dose-related elongation of female AGD associated with maternal urinary 

concentrations of 3-PBA and DAPs (especially DEs) seen in our study might be explained by a sexually 

dimorphic effect on the hypothalamic-pituitary-gonadal axis. OPs and pyrethroids are neurotoxicants that 

may disturb development of neuroendocrine axis [45]. Thus, chlorpyrifos has been reported to affect 

hypothalamic gonadotropin-releasing hormone (GnRH) neurons by increasing GnRH mRNA levels in 

female rats after in utero exposure and to cause earlier timing of vaginal opening and first diestrus [9]. 

Although animal studies support an association [46-48], not much is known about AGD in females and the 

potential relation to reproductive disorders. However, studies have reported AGD in adult females to be 

associated with the number of follicles [49], serum testosterone concentrations [50] and the presence of 

endometriosis [51] and may thus be a relevant biomarker for future reproductive health in females as well. 

A possible association between prenatal exposure to organophosphates and pyrethroids, and AGD in 

females are thus of concern as it may affect reproductive health and the chance of conceiving later in life.  

We did not find any association between maternal urinary concentrations of the DAPs, 3-PBA or TCPY, 

and AGD in males in the present study, although a non-statistically significant tendency towards a shorter 

AGD was seen with higher maternal concentrations of TCPY. A similar tendency was present for 2,4-D, 

and we further found that males exposed to 2,4-D in the second tertile had a statistically significant 

shorter AGD than males exposed in the first tertile. A possible explanation as to why we did not observe 

any association between 2,4-D exposure in the third tertile and the length of the AGD, might be the 

presence of negative confounding [24]. Those exposed to higher levels of pesticides are likely to consume 
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more fruits and vegetables, which may out weight the potential negative effect of high 2,4-D 

concentrations. 

Studies among adult men indicate that OPs and pyrethroids may interfere with the hypothalamic-pituitary-

gonadal axis. Among male floriculture workers, urinary DAP concentrations were associated with 

increased serum concentrations of FSH and prolactin and with decreased serum testosterone and inhibin 

B [52]. Furthermore, population representative urinary concentrations of pyrethroid metabolites, including 

3-PBA (within the same range as this study), have been associated with reduced semen quality [53], 

higher serum concentrations of FSH and LH, and lower inhibin B, and testosterone [54]. In accordance 

with these findings, the pyrethroid fenvalerate caused increased gonadotropins and a decline in 

testosterone in male rats [55]. Further, exposure to deltamethrin throughout gestation and lactation 

caused shorter AGD in male offspring [17], whereas no effects on AGD or on expression of genes 

involved in testicular steroidogenesis in the testes was observed when the exposure period was restricted 

to the period of sexual differentiation between gestational day 13 and 19 [56]. None of these studies 

investigated female offspring. In mice, gestational exposure to chlorpyrifos-methyl caused longer AGD in 

female offspring at 20 mg/kg /day and shorter AGD in male at 100 mg/kg/day [19]. 

 

Only limited data are available on the potential of OPs and pyrethroids to interact with sex hormone 

receptors and steroidogenesis. A recent review on in vitro studies of pyrethroids concluded that the 

available data do not provide evidence for strong interactions with estrogenic and androgenic pathways 

[6]. Some of the studies included 3-PBA and other pyrethroid metabolites and found similar or greater 

potency than for the parent compounds [6, 57] indicating that transformation to e.g., 3-PBA in the diet or 

by maternal metabolizing enzymes might not eliminate potential endocrine disrupting effects of 

pyrethroids on the fetus. Chlorpyrifos and piperophos were reported to have anti-androgenic properties 

and to inhibit testosterone biosynthesis in vitro [7]. Also for 2,4-D, studies on reproductive development or 

sex hormone disrupting effects are sparse. No alterations in AGD were reported in rat offspring exposed 

to 2,4-D in utero and during lactation [58]. 2,4-D did not interact with estrogen or androgen receptors or 

steroidogenesis pathways in vitro [8, 59] but the herbicide was reported to potentiate the activity of 
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testosterone through the androgen receptor [8], which would be expected to increase AGD in males in 

contrast to the decrease observed in our study. Overall, the evidence for a direct interference with sex 

hormone receptors or steroidogenesis at relevant dose-levels for the pesticides included in this study is 

limited. Thus, the observed alterations in AGD are more likely related to developmental neurotoxic 

disturbance of the hypothalamic-pituitary-gonadal axis. 

  

Our study has several strengths and limitations. It is population based with prospectively collected data. 

Birth outcomes were well reported and AGDs were measured three times by trained technicians. 

However, only 42% of the eligible women participated in the OCC and participants were better educated 

and more often of Danish origin than non-participants. However, the pregnant woman had no prior 

knowledge of their urinary pesticide concentrations or the birth and AGD measures of their child at 

enrollment, making selection bias less possible. We adjusted for relevant confounders but cannot rule out 

the possibility of confounding by other factors associated with pesticide exposure and growth measures, 

e.g. co-exposure to other environmental chemicals or lifestyle factors associated with pesticide exposure 

including potential beneficial effects of intake of fruit and vegetables which might have introduced 

negative confounding [24]. An additional limitation is that the pesticide metabolite concentrations were 

determined by one single spot urine sample collected after overnight fasting. The pesticides are assumed 

to be rapidly metabolized and excreted from the body within hours to days and substantial within-subject 

variability has been demonstrated for organophosphate metabolites [60] and to a lesser degree for 

pyrethroids [61]. Thus, some exposure misclassification is expected but it is unlikely to be dependent on 

the investigated health outcomes, making it non-differential and tend to bias the effect estimates toward 

the null. By dividing the continuous exposure variables into categorical variables (tertiles), we tried to 

reduce potential misclassification by assuming that individuals with a general high intake of non-organic 

fruit and vegetables are more likely to be in the upper tertile compared to those with lower intake. This 

assumption is supported by a previous study, showing that a single urine measure of TCPY was valid to 

predict tertiles of exposure [62]. Finally, we performed a relatively large number of statistical analyses, 

which increase the likelihood of chance findings.  
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5. Conclusion 

In this population-based study of 858 mother-child pairs we found no consistent dose–response 

associations between maternal urinary concentrations of pesticide metabolites and birth outcomes or 

AGD in the offspring. However, the tendency towards a dose-related elongation of AGD in females related 

to 3-PBA and DAP, and a shortening of AGD in males exposed to intermediate concentrations of 2,4-D, 

deserves to be further investigated since the exposure to pyrethroids, OPs, and 2,4-D is widespread and 

even weak effects might add to the combined effect of environmental endocrine disruptors on 

reproductive development.  
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Table 1. Concentrations of 2,4-D, 3-PBA, TCPY, and ∑DAP, ∑DE, ∑DM* measured in urine samples collected in gestational 
week 28 from pregnant women in the Odense Child Cohort (2010-2012) 

Pesticide metabolite N LOD %>LOD Minimum 5 25 50 75 95 Maximum 

2,4 D (µg/L) 858 0.03 97.6 <LOD 0.04 0.10 0.16 0.28 0.70 10.16 
3-PBA (µg/L) 858 0.03 94.3 <LOD <LOD 0.93 0.20 0.49 2.17 75.96 
TCPY (µg/L) 858 0.3 93.1 <LOD <LOD 0.95 1.73 3.11 8.15 65.91 
∑DAP (nmol/L) 564   12.23 12.23 26.89 56.5 102.89 252.81 1446.16 
∑DE (nmol/L) 564   3.76 3.76 10.88 20.05 45.02 108.52 334.22 
∑DM (nmol/L) 564   8.47 8.47 8.47 25.64 54.35 168.06 1416.83 
2,4 D (µg/g creatinine) 857   0.007 0.05 0.11 0.18 0.30 0.73 5.52 
3-PBA (µg/g creatinine) 857   0.007 0.04 0.13 0.23 0.45 1.73 29.34 
TCPY (µg/g creatinine) 857   0.07 0.51 1.15 1.84 3.15 8.26 74.16 
∑DAP (nmol/g creatinine) 564   7.16 16.61 36.55 58.42 103.7 259.06 1144.52 
∑DE (nmol/g creatinine) 564   1.53 4.18 13.12 23.26 41.85 95.35 346.94 
∑DM (nmol/g creatinine) 564   2.96 5.84 14.23 29.70 57.23 173.23 1121.31 

LOD, Limit of Detection 
*∑DE= DEP + DEDTP + DEDTP ,  ∑DM = DMP + DMTP + DMDTP , ∑DAP=∑DE+ ∑DM
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Table 2. Median maternal urinary TCPY, 3-PBA, 2,4-D, ∑DAP, ∑DE and ∑DM concentrations according to maternal 
characteristics 

All women 
 
 
 
Median 
Range (min-max) 

N 
 
 
 
 

TCPY 
(µg/g 
creatinine) 
 

1.84 
0.07-74.16 

3-PBA 
(µg/g 
creatinine) 
 

0.23 
0.01-29.34 

2,4,D (µg/g 
creatinine) 
 

 
0.18 

0.01-5.52 

N ∑DAP 
(nmol/g 
creatinine) 
 

58.42 
7.16-1144.5 

∑DE 
(nmol/g 
creatinine) 
 

33.95 
1.53-346.94 

∑DM 
(nmol/g 
creatinine) 
 

53.54 
2.96-1121.31 

All 834    554    
Maternal age (years)         
<25 75 1.64 0.22 0.16 47 61.34 38.84 51.67 
25-29 285 1.88 0.24 0.16 191 57.69 34.28 53.88 
30-34 325 1.80 0.23 0.20 208 54.30 32.07 53.93 
35+ 149 1.90 0.21 0.18 108 62.20 34.85 53.02 
Pre-pregnancy BMI 
(kg/m2) 

        

<18.5 21 2.19 0.18* 0.17* 15 60.82* 40.49* 53.49 
18.5-24.9 495 1.88 0.21* 0.19* 333 61.34* 35.90* 55.42 
25.0-29.9 215 1.73 0.23* 0.16* 142 57.60* 28.63* 55.36 
>30 103 1.79 0.27* 0.13* 64 43.57* 34.08* 39.78 
Parity         
Primiparous 465 1.86 0.25* 0.17 298 57.60 33.27 52.39 
Multiparous 368 1.82 0.20* 0.18 553 59.29 34.85 55.07 
Maternal smoking          
No 801 1.84 0.23 0.18* 530 58.90 34.14 54.05 
Yes 28 1.60 0.25 0.13* 19 43.14 24.67 34.18 
Education         
Lowa 239 1.64* 0.23 0.16* 169 55.16 39.03 50.82 
Intermediateb 431 1.89* 0.23 0.18* 272 57.92 33.62 55.45 
Highc 161 2.05* 0.22 0.19* 111 60.39 32.06 50.34 
Mother’s ethnicity         
European 609 1.87 0.23 0.17 350 55.75 35.04 53.97 
Non-European 26 2.88 0.26 0.18 19 36.33 30.06 29.11 
Preterm birth (< 37 
weeks) 

        

No 801 1.82 0.23 0.18 534 58.17 34.38 54.03 
Yes 33 2.06 0.32 0.14 20 54.81 22.55 40.68 
Birth weight (gram)         
<2500 17 2.01 0.29 0.12 12 41.30 14.43* 59.98 
2500-4499 786 1.81 0.23 0.18 520 58.74 34.49* 53.22 
≥4500 28 1.97 0.26 0.15 19 45.91 27.88* 50.55 

*Kruskal-Wallis/Wilcoxon rank-sum: p≤ 0.05 
a Low defined as high school or less b Intermediate defined as high school + 1-3 years c High defined as high school + 4 years or more 
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Figure 1.  The association between maternal urinary pesticide metabolite concentrations and AGD in males (AGDas, AGDap). The estimates* for the tertiles express the 
mean difference (mm) in AGD in the 2nd and 3rd tertile compared to the 1st. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Adjusted for post-conceptual-age and weight-for-age Z-score
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Figure 2. The association between maternal urinary pesticide metabolite concentrations and AGD in females (AGDaf, AGDac)) The estimates* for the tertiles express 
the mean difference (mm) in AGD in the 2nd and 3rd tertile compared to the 1st. 

*Adjusted for post-conceptual-age and weight-for-age Z-score
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Table 3. The association between maternal urinary pesticide metabolite concentrations and AGD in males (AGDas, AGDap) and females (AGDaf, 
AGDac). The regression coefficients (β ) for the tertiles express the mean difference (mm) in AGD in the 2nd and 3rd tertile  compared to the 1st, 
whereas the β for the continuous variable expresses the change in AGD (mm) when doubling the pesticide metabolite concentration.  

  Boys Girls 
 AGDasa1 

(mm) 
AGDapa2 

(mm) 
AGDafa3 

(mm) 
AGDaca4 

(mm) 
 β  95% CI β 95% CI β 95% CI β 

 
95% CI 

 N = 419 N= 409 N= 325 N= 322 
2,4 D (µg/g Creatinine)     
1st (0.007<0.14) Reference Reference Reference Reference 
2nd (0.14<0.24) -

1.55* 
-2.81; -0.28 -1.62* -3.00; -0.24 0.04 -0.91; 0.83 -0.52 -1.75; 0.71 

3rd (0.24<5.52) 0.08 -1.16; 1.32 -0.76 -2.12; 0.59 0.30 -0.60; 1.19 -0.23 -1.50; 1.04 
p-trend 0.85 0.30 0.52 0.70 
Continuous* -0.02 -0.45; 0.42 -0.33 -0.80; 0.14 0.10 -0.23; 0.43 -0.05 -0.52; 0.42 
3PBA (µg/g creatinine)     
1st (0.007<0.16) Reference Reference Reference Reference 
2nd (0.16<0.35) -0.48 -1.78; 0.82 -0.19 -1.60; 1.22 0.30 -0.57; 1.17 0.46 -0.77; 1.70 
3rd (0.35<29.34) -0.53 -1.76; 0.70 -0.11 -1.45; 1.23 0.10 -0.80; 1.01 0.96 -0.31; 2.24 
p-trend 0.40 0.87 0.81 0.14 
Continuous* -0.14 -0.43; 0.16 -0.13 -0.45; 0.19 0.05 -0.19; 0.28 0.24 -0.09; 0.56 
TCPY (µg/g creatinine)     
1st (0.07<1.38) Reference Reference Reference Reference 
2nd (1.38<2.52) -0.96 -2.20; 0.29 -1.19 -2.54; 0.17 0.20 -0.69; 1.09 -0.73 -1.99; 0.53 
3rd (2.52<74.16) -0.79 -2.07; 0.50 -0.73 -2.12; 0.66 0.32 -0.57; 1.21 0.17 -1.08; 1.43 
p-trend 0.23 0.30 0.48 0.76 
Continuous* -0.18 -0.56; 0.19 -0.18 -0.58; 0.23 0.15 -0.17; 0.46 0.17 -0.27; 0.60 
 N= 267 N= 257 N= 198 N= 195 
∑DAP (nmol/g 
creatinine) 

    

1st (7.16<43.40) Reference Reference Reference Reference 
2nd (43.40<82.26) -0.09 -1.67; 1.49 -0.11 -1.82; 1.59 -0.08 -1.28; 1.12 0.31 -1.16; 1.78 
3rd (82.26<1144.52) 1.11 -0.45; 2.67 0.01 -1.69; 1.71 0.51 -0.68; 1.71 0.65 -0.82; 2.12 
p-trend 0.16 0.99 0.41 0.38 
Continuous* 0.33 -0.21; 0.88 0.05 -0.54; 0.64 0.22 -0.17; 0.61 0.31 -0.17; 0.78 
∑DE (nmol/g creatinine)     
1st (1.53<16.10) Reference Reference Reference Reference 
2nd (16.10<33.64) -0.83 -2.39; 0.72 -0.71 -2.39; 0.96 0.42 -0.80; 1.64 0.06 -1.43; 1.56 
3rd (33.64<346.94) 0.09 -1.50; 1.68 -0.27 -2.00; 1.46 0.83 -0.34; 1.99 1.25 -0.17; 2.67 
p-trend 0.93 0.75 0.16 0.08 
Continuous* 0.14 -0.37; 0.64 -0.02 -0.56; 0.52 0.28 -0.07; 0.63 0.37 -0.06; 0.80 
∑DM (nmol/g creatinine)     
1st (2.96<18.26) Reference Reference Reference Reference 
2nd (18.26<44.45) -0.13 -1.73; 1.46 0.09 -1.61; 1.80 0.75 -0.41; 1.90 -0.00 -1.43; 1.42 
3rd (44.45<1121.31) 0.222 -1.34; 1.78 -0.69 -2.37; 1.00 -0.19 -1.40; 1.01 0.24 -1.25; 1.72 
p-trend 0.78 0.42 0.85 0.77 
Continuous* 0.28 -0.15; 0.72 -0.06 -0.53; 0.41 0.00 -0.33; 0.34 0.03 -0.38; 0.43 

1Measured from the center of anus to the posterior base of scrotum (AGDas); 2Measured from the center of anus to the cephalad insertion of the penile 
(AGDap); 3Measured from center of anus to posterior fourchette (AGDaf); 4 Measured from the center of anus to the top of clitoris (AGDac);  
a Adjusted for weight-for-age z-score and age-at-three-months examination  
*change in AGD (mm) when doubling the concentration of the exposure  



 

 25 

Table 4.  The association between maternal urinary pesticide metabolite concentrations and birth weight (g), abdominal and head circumference (cm) and gestational length (days). The regression coefficients (β) for the 
tertiles express the mean difference in the birth outcome in the 2nd and 3rd tertile  compared to the 1st, whereas the β for the continuous variable expresses the mean change in the birth outcome when doubling the pesticide 
metabolite concentration. 

 Birth weighta(grams)  Abdominal circumferencea(cm)  Head circumferencea  (cm)  Gestational lengthb  (days)  
  Boys Girls Boys Girls Boys Girls Boys Girls 
  β  95% CI  β  95% CI  β  95% CI  Β  95% CI  β  95% CI  β  95% CI  β  95% CI  β  95% CI  
    N= 414   N= 366      N= 414     N= 366     N= 411     N= 364     N= 414    N= 366  
 2,4-D (µg/g creatinine)                 
1st (0.007<0.14) Reference  Reference  Reference  Reference  Reference  Reference  Reference  Reference  
2nd (0.14<0.24) 65.0   -41.1; 169.1   84.4   -14.9; 183.6   0.7   -0.3; 1.8   0.4   -0.5; 1.3   0.0   -0.4; 0.4   0.4   0.0; 0.8   0.8 -1.7; 3.3 -0.3 -3.2; 2.5 
3rd (0.24<5.52) -19.1   -124.2; 86.0   -25.6   -126.7; 75.4   0.3   -0.7; 1.4   -0.2   -1.1; 0.7   -0.3   -0.7; 0.1   -0.0   -0.4; 0.4   0.1 -2.4; 2.7 0.6 -2.3; 3.5 
p-trend  0.68 0.68 0.54 0.71 0.14 0.98 0.93 0.70 
Continuous*  -19.2   -56.5; 18.1   6.0   -31.2; 43.2   0.1   -0.3; 1.5   -0.1   -0.5; 0.2   -0.1   -0.2; 0.03   -0.01   -0.2; 0.1   -0.1 -1.0; 0.8 0.4 -0.7; 1.4 
3-PBA (µg/g creatinine)                  
1st (0.007<0.16) Reference  Reference  Reference  Reference  Reference  Reference  Reference  Reference  
2nd (0.16<0.35) -50.1   -155.3; 55.1   20.8   -77.6; 119.2   -1.4   -2.5; -0.4   -0.3   -1.2; 0.6   -0.0   -0.4; 0.4   0.2   -0.2; 0.6   -0.3 -2.8; 2.2 2.2 -0.6; 5.0 
3rd (0.35<29.34) -29.5   -130.8; 71.8   -45.0   -148.9; 58.9   -0.4   -1.4; 0.6   -1.0   -1.9; -0.0   0.0   -0.3; 0.4   -0.2   -0.6; 0.2   -0.2 -2.6; 2.3 1.8 -1.2; 4.6 
p-trend  0.58 0.41 0.52 0.05 0.87 0.39 0.90 0.22 
Continuous*  -7.2   -31.6; 17.1   -17.5   -45.1; 10.1   -0.03   -0.3; 0.2   -0.3   -0.5; -0.003   0.1   -0.04; 0.1   -0.1   -0.2; 0.01   0.1 -0.5; 0.6 0.2 -0.6; 1.0 
TCPY (µg/g creatinine)                  
1st (0.07<1.38) Reference  Reference  Reference  Reference  Reference  Reference  Reference  Reference  
2nd (1.38<2.52) -117.5   -219.2; -15.8   57.7   -44.8; 160.2   -0.4   -1.5; 0.6   0.3   -0.7; 1.2   0.1   -0.2; 0.5   0.0   -0.4; 0.4   1.9 -0.5; 4.4 1.1 -1.8; 4.1 
3rd (2.52<74.16) -20.9   -125.0; 83.2   24.8   -76.3; 125.8   -0.7   -1.8; 0.33   0.1   -0.8; 1.1   0.2   -0.2; 0.6   -0.0   -0.4; 0.3   -0.7 -3.2; 1.8 2.0 -0.9; 4.9 
p-trend  0.66 0.65 0.18 0.79 0.39 0.82 0.63 0.17 
Continuous*  3.8   -27.6; 35.0   15.8   -19.9; 51.6   -0.1   -0.4; 0.2   0.2   -0.1; 0.5   0.1   -0.02; 0.2   -0.03   -0.1; 0.1   -0.4 -1.2; 0.3 0.3 -0.8; 1.3 
    N= 267    N= 248      N= 267     N= 248      N= 264    N= 246   N= 267    N= 248  
∑DAP (nmol/g creatinine)                   
1st (7.16<43.40) Reference  Reference  Reference  Reference  Reference  Reference  Reference  Reference  
2nd (43.40<82.26) 29.4   -97.7; 156.5   67.9   -54.8; 190.6   -0.5   -2.1; 1.0   0.3   -1.0; 1.6   0.2   -0.3; 0.7   0.2   -0.3; 0.7   2.0 -1.1; 5.2 -1.4   -4.6; 1.8  
3rd (82.26<1144.52) -3.6   -131.6; 124.4   40.5   -83.0; 164.1   -0.1   -1.6; 1.4   -0.7   -2.0; 0.6   0.2   -0.3; 0.7   0.2   -0.2; 0.7   3.2 0.1; 6.4 1.5   -1.7; 4.7  
p-trend  0.96 0.53 0.91 0.28 0.34 0.31 0.05 0.35 
Continuous*  -6.33   -52.0; 39.3   10.1   -31.1; 51.4   0.1   -0.5; 0.6   -0.2   -0.6; 0.3   0.1   -0.04; 0.3   0.1   -0.1; 0.2   0.8   -0.4; 1.9  0.4   -0.6; 1.5  
∑DE (nmol/g creatinine)                  
1st (1.53<16.10) Reference  Reference  Reference  Reference  Reference  Reference  Reference  Reference  
2nd (16.10<33.64) 47.6   -79.0; 174.3   -8.1   134.0; 117.8   1.0   -0.5; 2.5   -0.1   -1.5; 1.2   0.5   0.03; 1.0   -0.0   -0.5; 0.5   0.1   -3.1; 3.2   2.3   -0.1; 5.6   
3rd (33.64<346.94) -29.0   -158.2; 100.2   97.3   -27.7; 222.4   0.7   -0.8; 2.3   0.1   -1.2; 1.5   0.2   -0.3; 0.7   0.2   -0.3; 0.7   2.4   -0.8; 5.6   1.7   -1.5; 5.0   
p-trend  0.70 0.11 0.33 0.82  0.47  0.36 0.14 0.34 
Continuous*  -18.9   -61.3; 23.5   25.6   -12.6; 63.7   0.2   -0.3; 0.7   0.1   -0.3; 0.5   0.05   -0.1; 0.2   -0.0   -0.1; 0.1   1.0   -0.1; 2.0   0.8   -0.2; 1.8   
∑DM (nmol/g creatinine)                 
1st (2.96<18.26) Reference  Reference  Reference  Reference  Reference  Reference  Reference  Reference  
2nd (18.26<44.45) -15.5   -144.3; 113.3  34.5   -85.9; 154.9   0.3   -1.3; 1.8   0.4   -0.9; 1.7   -0.2   -0.7; 0.3   0.1   -0.4; 0.5  0.2   -3.0; 3.4  1.7   -1.5; 4.8   
3rd (44.45<1121.31) 20.9   -108.5; 150.3  29.7   -92.3; 151.7   0.1   -1.5; 1.6   -0.7   -2.0; 0.5   0.2   -0.3; 0.7   0.3   -0.2; 0.8   1.0   -2.3; 4.2   0.8   -2.4; 4.0   
p-trend  0.75 0.63 0.94 0.27 0.36 0.19 0.56 0.60 
Continuous*  5.6   -30.6; 41.9  3.6   -30.1; 37.2   0.04   -0.5; 0.4   -0.2   -0.6; 0.1   0.1   -0.04; 0.2   0.1   -0.05; 0.21   0.2   -0.7; 1.1   0.1   -0.8; 1.0   
a Adjusted for education, body mass index, smoking, gestational age b Adjusted for education, body mass index, smoking * change in AGD (mm) when doubling the exposure concentration 
 


