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Abstract

Objective—To use meta-analytic techniques to synthesize the findings of the current body of 

published literature regarding the risk of hypospadias resulting from parental exposure to 

pesticides.

Materials and methods—A search of Pub Med for original research published in English from 

January 1966 through March 2008 identified 552 studies, 90 of which were reviewed in detail. 

Nine studies met all study inclusion criteria. Two reviewers independently abstracted data from 

each included study. Any disagreements were resolved by consensus. Pooled risk ratios (PRRs) 

and confidence intervals (CIs) were calculated using both random and fixed effects models, along 

with statistical tests of homogeneity.

Results—Elevated but marginally significant risks of hypospadias were associated with maternal 

occupational exposure (PRR of 1.36, CI = 1.04–1.77), and paternal occupational exposure (PRR of 

1.19, CI = 1.00–1.41). Subgroup analyses provided insights into needed designs for future studies. 

Notably, exposure assessment using a job-exposure matrix resulted in slightly higher estimated 

risk than agricultural occupation in fathers; but this effect was reversed in mothers, suggesting the 

importance of indirect and residential pesticide exposures in this group.

Conclusions—Despite potential exposure misclassification, which would tend to diminish 

observed associations, the previous literature indicates a modestly increased risk of hypospadias 

associated with pesticide exposure.
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Introduction

Hypospadias is estimated to affect 0.3–1% of live births and is characterized by an abnormal 

positioning of the meatus, the opening of the urethra, in males [1–3]. This malformation is 

most common among non-Hispanic whites and is least common among Hispanics [4], 

although recent data suggest that birth prevalence is increasing among nonwhites [3]. There 

is substantial unexplained variation in hypospadias rates both within and between countries 
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[2,7]. Data from the US and several European countries from the 1970s to 1990s showed 

increases in overall rates which were unlikely to be due to changes in case ascertainment [5], 

though more recent data seem to indicate that this trend is leveling off or at least not as 

widespread as was once thought [6].

Because sex hormones play a strong role in fetal genitourinary development [3,7], it has 

been hypothesized that in utero exposure to endocrine-disrupting chemicals could contribute 

to hypospadias [8,9]. Such chemicals might have an estrogenic or androgen-antagonist effect 

[8]. In utero exposure to the synthetic estrogen diethylstilbestrol is a known risk factor for 

hypospadias [10—12]. Exposure to other synthetic estrogens and progestins, such as those 

used in oral contraceptives or assisted reproductive techniques, has also been associated with 

an increased risk of hypospadias in some [4,13—15], but not all, studies [16,17].

Several classes of pesticides have been shown to have endocrine-disrupting potential [18]. 

Approximately 60% of the herbicides applied in the US, by weight, have demonstrated 

endocrine-disrupting or reproductive effects in vitro or in animal studies [19], including 

commercial chlorphenoxy herbicides and glyphosate. The herbicide linuron, which binds 

weakly to the androgen receptor, was shown to increase rates of hypospadias in rats, as were 

the dicarboximide fungicides chlozolinate, iprodione, procy-midone, vinclozolin and 

dichlorodiphenyldichloroethylene (DDE) [20—22].

Despite laboratory evidence of endocrine-disruption by several pesticide classes, few 

recommendations have been issued by authoritative expert panels or advisory committees. 

The National Research Council’s comprehensive report on pesticides in the diets of infants 

and children specifically excluded exposure prior to the third trimester of pregnancy, 

remarking that ‘‘the origins of this broader concern with peri- and postnatal toxicology are 

inextricably rooted in experimental teratology’’ [23]. Experimental results in animals, they 

however note, may not be fully applicable to humans.

Animal models may not accurately reflect the typical human experience of pesticide 

exposure or metabolism of pesticides [24]. Measurement issues, however, have also plagued 

many human studies. Pesticide exposure might occur in many settings (occupationally, in the 

home or environmentally) and be mediated by personal behaviors and the use of protective 

equipment [25—27]. Even when pesticide exposure has been well measured, the low 

frequency of hypospadias has resulted in several studies that were underpowered to 

adequately detect a clinically significant increase in risk [28—32]. Further, the potential 

adverse effects of adjuvants used in commercial products—which typically make up 50—

60% of the total product weight—have rarely been considered [18].

This meta-analysis was conducted to systematically review the available evidence of an 

association between pesticide exposure and hypospadias, to provide a quantitative summary 

of the estimated risk, and to identify areas where further study might be needed. Although a 

metaanalysis cannot overcome variations in measurement, it might be able to overcome a 

lack of precision and present a composite estimate of the association between pesticide 

exposure and hypospadias [33].
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Methods

Relevant published studies from January 1966 through March 2008 were identified using 

Pub Med searches and reviewing references from selected citations. Search terms were 

included as both keywords and medical subject headings. Exposure terms used were 

pesticides, fungicides, fumigants, insecticides, herbicides, agriculture, agricultural 

chemicals, occupation, maternal occupation, paternal occupation, parental occupation, and 

hypospadias risk factors. Outcome terms used were hypospadias, genitourinary defects, birth 

defect, birth malformation, congenital malformation, congenital anomaly, and birth anomaly. 

The latter broad terms were selected to identify articles that examined multiple birth defects 

and might have reported results for hypospadias. Publicationswere restricted tothoseon 

humans.

Identified articles were reviewed for suitability for inclusion in the meta-analysis first by 

title, followed by abstract review, and then by full text review (Fig. 1). Among the excluded 

studies were two that solely examined the effects of serum DDT/DDE [34,35]; with 

widespread bans on use of DDT beginning in the 1970s, these studies have decreasing 

relevance and potential for intervention. Two other studies that used other congenital defects 

as a control group were also excluded [36,37]. Associations have been suggested between 

pesticides and several types of birth defects [38]; inclusion of these defects in the control 

group might significantly bias results towards the null. Because meta-analytic methods 

require that all risk estimates included in calculation of the pooled risk ratio (PRR) be 

independent from one another, two additional studies were excluded due to overlap between 

their study populations and another study population [38,39]. In each instance, the study 

with the larger sample size or more extensive adjustment of covariates was used in 

calculating the final PRRs. To assess bias introduced by excluding these two studies, the 

PRR was recalculated using the excluded studies while removing the alternative studies from 

the overlapping population.

Reported risk ratios (either odds ratios or relative risks), confidence intervals (CIs), raw 

percentages and raw data were abstracted, where available, by two independent reviewers 

(CMR and PAR). Discrepancies in abstracted data were resolved by consensus. Inclusion 

criteria were presentation of either a reported risk ratio estimate and CI, or sufficient raw 

data to calculate a risk ratio between some measure of individual pesticide exposure and risk 

of hypospadias. Abstracted data from studies identified as suitable for inclusion were used to 

conduct a meta-analysis for reported type (maternal or paternal) of occupational exposure. 

Where data permitted, PRRs were calculated for study design and exposure period.

The natural log of the risk estimate and its variance was required for each study, and was 

either calculated from the reported risk ratios and CIs (n = 7) where available or from the 

raw (crude) data (n = 2). The most highly analytically-adjusted risk ratios available were 

used for calculation of the PRRs in the final model. Most exposure data were presented as a 

dichotomous variable (exposed/unexposed); multi-level exposure categories were similarly 

dichotomized to reduce the potential overuse of the highest exposure category.
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PRRs were calculated using both fixed effects and random effects models [40,41]. Data were 

stratified into subgroups according to study design, exposure period and exposure 

assessment. The consistency of associations across studies was assessed using statistical 

tests of homogeneity [40]. Where multiple risk ratios were available from a single 

publication, the PRRs and CIs were recalculated using each available risk ratio estimate, 

regardless of inclusion in the final model, in order to detect a large change in the calculated 

PRRs and CIs associated with which risk ratio was selected from the multiple ratios 

presented in a particular study.

Results

Among the nine studies pooled in this meta-analysis, six of the studies evaluated both 

maternal and paternal exposure, two evaluated paternal exposure only, and one examined 

maternal exposure only (Table 1). Overall, cases and controls were most often identified 

from hospital or health care records, and the number of subjects enrolled was reported for 

most studies. Five studies provided risk ratios adjusted for potential confounders. Only one 

study attempted to stratify by severity or location of hypospadias, by evaluating all 

hypospadias and then restricting cases to hypospadias receiving surgical repair. The authors’ 

assumption was that only more severe (e.g. distal or proximal) hypospadias would receive 

repair; this assumption may not be appropriate in other settings. Outcome ascertainment 

might have been variable between the remaining studies, depending on how cases were 

identified. First-degree (glanular) hypospadias may not be immediately apparent at birth or 

prior to circumcision; therefore these cases may not be identified based on birth records.

Pesticide exposure was most commonly assessed as selfreported agricultural occupation, 

though occupation recorded on the birth record or in the medical chart was also used. Two 

studies used a job-exposure matrix (JEM) to assess the probability of occupational exposure 

to pesticides, and one of these compared self-reported agricultural work to JEM-assigned 

exposure. The relevant period of exposure varied across all studies, with exposure at any 

time during the pregnancy ± pre-pregnancy period most often reported.

PRRs stratified by maternal and paternal exposure, study design, and exposure period are 

presented in Table 2. The studies reported homogenous PRR estimates (P > 0.40), thus fixed 

and random effects were similar or identical. Only results using random effects models are 

shown to provide the most conservative estimates. Total maternal occupation in agriculture 

or other pesticide-exposed occupations was associated with an excess risk of hypospadias 

(PRR of 1.36; CI = 1.04—1.77), and total paternal occupation in agriculture or other 

pesticide-exposed occupations was also associated with a small excess risk (PRR of 1.19; CI 

= 1.00—1.41) using all studies. Restriction of analyses to those studies with covariate 

adjustment produced small elevations in the PRR estimates. Self-reported maternal exposure 

produced similar results, but when maternal exposure was assigned by JEM the PRR 

dropped below unity. Results of a cohort analysis could not be calculated for paternal 

exposure; but the PRR for the two cohort studies of maternal exposure was elevated (PRR of 

1.51, CI = 1.06—2.16). Whether using a JEM or self-reported exposure, paternal pesticide 

exposure produced PRRs greater than unity but non-significant. Data for evaluating the 

exposure period were only available for paternal studies, but assessment of exposure in the 
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periconceptional and spermatogenesis ± periconceptional periods produced PRRs that were 

non-significant and less than unity.

Discussion

This meta-analysis showed that maternal occupational exposure to pesticides or agricultural 

work was associated with a 36% increased risk of hypospadias overall, and paternal 

occupational exposure to pesticides or agricultural work was associated with a 19% 

increased risk of hypospadias. Though modest, these elevated risks may be clinically 

relevant given the enormous psychological and economic impact of hypospadias on families. 

The elevated risk observed in this meta-analysis may be an underestimate. Challenges in 

exposure assessment created the potential for misclassification in the pooled studies; this 

could have biased the risk ratio estimates towards the null. Given the spectrum of severity of 

hypospadias, there was also the potential for incomplete case ascertainment in some 

previous studies; this also may have diluted the observed overall effect of pesticide exposure.

The relationship between pesticide exposure and birth defects might be difficult to examine 

due to the potential critical period, which is typically defined as between weeks 8 and 14 but 

which may also involve latent effects [3,4,10,12]. Assessment of exposure only during 

weeks 8—14 might be misleading when subjects are continuously employed in a given 

occupation, creating the illusion of a ‘critical period’ when the actual critical exposure might 

have occurred outside this time frame.

Although maternal exposure during early gestation could alter the normal fetal environment 

and disrupt embryogenesis [42], high levels of pesticides have also been measured in 

seminal fluids [7]. Consequently, both parents’ exposures might be relevant. Of the nine 

studies included in this analysis, three did not assess both parents’ occupations [30,43,44], 

three assessed maternal and paternal exposures separately [45—47], two assigned exposure 

to both parents based on exposure by either parent, citing the familial nature of farm work 

[48,49], and only one considered each parent’s exposure separately while adjusting for the 

other parent’s exposure [50].

Residential pesticide exposure could not be evaluated in this meta-analysis, because only 

one included study evaluated probable exposure to pesticides at either work or at home [50]. 

Non-occupationally exposed individuals have been demonstrated to carry substantial levels 

of nonpersistent pesticide metabolites in biological samples [51]. Of the studies identified 

for this meta-analysis, two used a JEM to assign probable exposure, one asked for 

selfreports of pesticide exposure, and the remainder relied on either documented or self-

reported work in agriculture. Expert assessment of a detailed occupational history by 

industrial hygienists has been demonstrated to be superior to self-assessed exposure [52], 

and JEMs are based on many assumptions that might lead to misclassification [53]. Any 

exposures might be modified by practices such as the use of personal protective equipment 

and the frequency of handwashing [25,54—56], though these were not assessed in any of the 

included studies. None of the studies were able to assess risks associated with specific 

pesticide brands or classes. The exposure misclassification in these studies would likely be 

random and therefore most likely bias results towards the null.
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Rather than subjectively assigning a ‘quality’ score to the exposure assessment used by the 

included studies, we examined methodologic subcategories to elucidate potential sources of 

misclassification that may have caused underestimation of the true risk. Limiting analysis to 

studies with covariate adjustment yielded slight increases in the PRRs for all analyses, 

suggesting that cruder assessment might tend to bias the observed associations towards the 

null. The PRR obtained from cohort studies was also increased over that calculated from 

case-control studies; this might be due to better exposure assessment available in the cohort 

studies.

Publication bias, in which positive studies are more likely to be published than null studies, 

might have artificially inflated the calculated PRRs [33]. It is worth noting that only one of 

the included studies contributed a statistically significant result [48], suggesting that 

publication bias is unlikely for this disease-exposure relationship. Bias might also be 

introduced in a meta-analysis when authors make exclusion decisions. To assess potential 

bias introduced by authors’ inclusion decisions, analyses were conducted in which the PRR 

was recalculated after adding back each excluded study, both singly and in combination, 

while removing any overlapping study. These analyses found very little (<10%) change in 

either the magnitude or significance of the PRRs.

The results of this meta-analysis are further strengthened by their consistency with animal 

studies demonstrating the teratogenic potential of pesticides. The anti-androgenic effects of 

selected pesticides are well-defined from in vivo studies [57], and are important in light of 

the androgen-dependent normal urethral development in the fetus [2,9,28,58]. It is also 

possible that estrogenic or other endocrine-disrupting effects of pesticides play a role [8,59

—61].

In conclusion, this meta-analysis of nine published studies demonstrated an elevated risk of 

hypospadias associated with maternal occupational exposure to pesticides or agricultural 

work, with a suggested increased risk for paternal exposure that was stronger when analysis 

was restricted to those studies with covariate adjustment. Potential misclassification of 

exposure, which would likely attenuate the relative risk estimates, posed a large threat in all 

publications used in this meta-analysis. This misclas-sification could mask a stronger 

relationship between specific types of pesticides and hypospadias, since pesticides and their 

adjuvants comprise a chemically diverse class. Despite this potential, the 19—51% increase 

in risk of hypospadias defects observed here may be clinically relevant given the economic, 

social and psychological burden of this malformation. Results of this meta-analysis are 

consistent with evidence from animal and developmental models. Future studies of pesticide 

exposure and hypospadias should attempt to describe pesticide exposure in terms of both 

quantity and type of pesticide.
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Figure 1. 
Flow scheme of process used to select studies for inclusion in the meta-analysis.
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Table 2

Results from exposure-specific meta-analyses using a random effects model

Category All studies Studies with covariate adjustment
a

n OR 95% CI Homogeneity
P-value

n OR 95% CI Homogeneity
P-value

Maternal occupationb 7 1.36 1.04–1.77 0.77 4 1.40 1.06–1.84 0.63

 Study design

  Case-control 5 1.19 0.80–1.76 0.68 3 1.25 0.82–1.91 0.52

  Cohort 2 1.51 1.06–2.16 0.94 1
NC

c
NC

c
NC

c

 Exposure period

  Pregnancy ± pre-pregnancy 7 1.36 1.04–1.77 0.77 4 1.40 1.06–1.84 0.63

 Exposure assessment
d,e

  Agricultural occupation 5 1.36 1.01–1.82 0.53 4 1.42 1.05–1.92 0.60

  JEM-assessed pesticide exposure 2 0.93 0.24–3.65 0.34 1
NC

c
NC

c
NC

c

Paternal occupationf 8 1.19 1.00–1.41 0.69 5 1.23 1.03–1.47 0.74

 Study design

  Case-control 7 1.11 0.92–1.34 0.86 4 1.16 0.95–1.41 0.95

  Cohort
c 1

NC
c

NC
c

NC
c 1

NC
c

NC
c

NC
c

 Exposure period

  Pregnancy ± pre-pregnancy 8 1.19 1.00–1.41 0.69 5 1.23 1.03–1.47 0.74

  Periconceptive
g 2 0.85 0.30–2.44 0.85 1

NC
c

NC
c

NC
c

  Spermatogenesis ± periconception
h 2 0.84 0.41–1.73 0.44 1

NC
c

NC
c

NC
c

 Exposure assessment
e

  Agricultural occupation 7 1.20 0.99–1.46 0.52 5 1.25 1.02–1.53 0.60

  JEM-assessed pesticide exposure 2 1.28 0.50–3.27 0.29 1
NC

c
NC

c
NC

c

OR = odds ratio; CI = confidence interval; NC = not calculated.

a
Refs. [30,43,46,49] excluded from studies with covariate adjustment due to lack of sufficient data.

b
Refs. [43,44] excluded from maternal occupation analyses due to a lack of data.

c
Insufficient number of studies to calculate a pooled risk estimate.

d
Ref. [30] assessed exposure as occupation in “gardening” and was excluded.

e
Ref. [50] assessed exposure based on self-reported occupation in agriculture, and also used a JEM to assess pesticide exposure. Data from each 

evaluation were available, and therefore used in each of the exposure-assessment categories.

f
Ref. [30] excluded from paternal occupation analyses due to lack of data on paternal exposures.

g
Study includes any part of the 3 months prior to conception plus early pregnancy.

h
Exposure period assessed included the approximate time period of spermatogenesis, roughly 4 months prior to conception.
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