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              Testicular germ cell tumors (TGCTs) are the most common 
cancer among US men between the ages of 15 and 44 years, and 
their incidence has been increasing for at least three decades ( 1 ). 
Caucasian ethnicity, cryptorchism, prior history of TGCT, fam-
ily history of TGCT, and, perhaps, increased adult stature are 
the only well-documented risk factors ( 2 ). The association of 
TGCT with cryptorchism, as well as the similarity of testicular 
carcinoma in situ to primordial germ cells, suggests that TGCT 
risk may be determined very early in life, possibly even in utero 
( 3  –  6 ). The in utero factors that increase the risk of TGCT are 
unknown, although the speculation of Henderson et al. ( 7 , 8 ) that 
maternal estrogen levels could be a major risk factor for TGCT 
has received much attention. The ability of synthetic hormonal 
drugs, phytoestrogens, and persistent organochlorine pesticides 
(POPs) to bind to estrogen receptors has led to speculation that 
exposures to these endocrine-dirupting chemicals might also be 
related to the development of TGCT and of the other male 

reproductive disorders that are speculated to be part of the tes-
ticular dysgenesis syndrome: cryptorchism, hypospadias, and 
impaired spermatogenesis ( 9 , 10 ). 

 
    Affiliations of authors:  Division of Cancer Epidemiology and Genetics, 
National Cancer Institute, National Institutes of Health, Department of Health 
and Human Services, Bethesda, MD (KAM, SMQ, BIG); Toxicology Centre, 
Institut National de Sante Publique du Quebec, Quebec, QC (JPW); Army 
Medical Surveillance Activity, U.S. Army Center for Health Promotion and 
Preventive Medicine, Washington, DC (MVR); GEIS, Division of Preventive 
Medicine, Walter Reed Army Institute of Research, Silver Spring, MD (RLE) .  

  Correspondence to : Katherine A. McGlynn, PhD, Hormonal and Reproductive 
Epidemiology Branch, Division of Cancer Epidemiology and Genetics, 
National Cancer Institute, National Institutes of Health, Department of Health 
and Human Services, EPS — Ste 550, 6120 Executive Blvd, Rockville, MD 
20852-7234 (e-mail:  mcglynnk@mail.nih.gov ). 

   See  “Funding” and “Notes” following “References.”  

   DOI:  10.1093/jnci/djn101  

  Published by Oxford University Press 2008.  

  ARTICLE  

     Persistent Organochlorine Pesticides and Risk of 
Testicular Germ Cell Tumors  
    Katherine A.      McGlynn   ,      Sabah M.      Quraishi   ,      Barry I.      Graubard   ,      Jean-Philippe     Weber   ,      Mark V.      Rubertone   , 
     Ralph L   .   Erickson                  

   Background   Exposure to endocrine-disrupting chemicals, such as persistent organochlorine pesticides, has been 
suggested to increase the risk of testicular germ cell tumors (TGCTs).  

   Methods   To study the relationship of POP exposure to TGCT risk, prediagnostic serum samples from 754 case sub-
jects and 928 control subjects enrolled in the Servicemen ’ s Testicular Tumor Environmental and Endocrine 
Determinants Study were analyzed for  cis -nonachlor,  trans -nonachlor, oxychlordane, total chlordanes, 
 � -hexachlorocyclohexane, mirex,  p , p  ′ -dichlorodiphenyldichloroethylene ( p , p  ′ -DDE), and  p , p  ′ -dichlorodi-
phenyltrichloroethane. Adjusted odds ratios (ORs) and their associated 95% confidence intervals (CIs) for 
the risk of TGCT overall and for the histological subgroups, seminoma and nonseminoma, were estimated 
using multivariable logistic regression. All statistical tests were two-sided.  

   Results   TGCT risk was statistically significantly associated with higher plasma levels of  p , p  ′ -DDE (for highest 
quartile [Q4] vs lowest quartile [Q1], OR = 1.71, 95% CI = 1.23 to 2.38,  P  trend  = .0002) and of two chlordane 
components,  cis -nonachlor (Q4 vs Q1, OR = 1.56, 95% CI = 1.11 to 2.18,  P  trend  = .009) and  trans -nonachlor 
(Q4 vs Q1, OR = 1.46, 95% CI = 1.07 to 2.00,  P  trend  = .026). Seminoma risk was statistically significantly 
associated with  p , p  ′ -DDE (Q4 vs Q1, OR = 1.91, 95% CI = 1.22 to 2.99,  P  trend  = .0008),  cis -nonachlor (Q4 vs 
Q1, OR = 1.93, 95% CI = 1.27 to 2.93,  P  trend  = .0045),  trans -nonachlor (Q4 vs Q1, OR = 1.72, 95% CI = 1.11 to 
2.67,  P  trend  = .033), and a chlordane metabolite, oxychlordane (Q4 vs Q1, OR = 1.64, 95% CI = 1.04 to 2.60, 
 P  trend  = .048), whereas nonseminoma risk showed a statistically significant association with  p , p  ′ -DDE only 
(Q4 vs Q1, OR = 1.63, 95% CI = 1.10 to 2.42,  P  trend  = .0044).  

   Conclusions   Increased exposure to  p , p  ′ -DDE may be associated with the risk of both seminomatous and nonsemino-
matous TGCTs, whereas exposure to chlordane compounds and metabolites may be associated with 
the risk of seminoma. Because evidence suggests that TGCT is initiated in very early life, it is possible 
that exposure to these persistent organic pesticides during fetal life or via breast feeding may increase the 
risk of TGCT in young men.  
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 To our knowledge, only one prior study of the association of 
POP levels and TGCT has been reported ( 11 ). Examining blood 
samples from patients with TGCT and control subjects, the 
investigators found that the men with TGCT had statistically sig-
nifi cantly increased levels of a congener of the pesticide chlor-
dane,  cis -nonachlor. Mothers of the case subjects had statistically 
signifi cantly increased levels of the chlordane congeners  trans -
nonachlor,  cis -nonachlor, and total chlordane. To examine the 
association of prediagnostic serum levels of chlordane and other 
POPs with the risk of TGCT, we have conducted a case – control 
study. 

  Materials and Methods 
  Subjects and Eligibility 

 The US Servicemen’s Testicular Tumor Environmental and 
Endocrine Determinants (STEED) Study enrolled participants 
between April 4, 2002, and January 17, 2005. To be eligible for the 
study, case subjects had to be 45 years or younger at the time of 
diagnosis and to have donated at least one serum sample between 
January 1, 1987, and December 31, 2002, to the Department of 
Defense Serum Repository (DoDSR). At the DoDSR, specimens 
are stored in precisely documented locations in walk-in freezers 
at  � 30°C. Using a person-specific identification number, the speci-
mens in the DoDSR computerized database were linked to the 
Defense Medical Surveillance System (DMSS) and to other mili-
tary medical databases to determine which military personnel had 
developed TGCT. Men with a serum sample in the DoDSR who 
had not developed TGCT were eligible to participate as control 
subjects. 

 Diagnoses of TGCT were limited to classic seminoma or 
nonseminoma (embryonal carcinoma, yolk sac carcinoma, chorio-
carcinoma, teratoma, or mixed germ cell tumor). Spermatocytic 
seminoma was not included because it is thought to have an etiol-
ogy distinct from other adult-onset TGCTs. The diagnoses were 
based on the original pathology reports or, in the case of 6.5% of 
the case participants, review of the pathology slides.  

  Study Design 

 The study was designed as a pair-matched case – control study, 
although additional control subjects were initially identified due to 
the transient nature of the military population. Each case subject 
was matched to all available potential control subjects on birth year 
(within 1 year), race/ethnicity (white, black, other), and date of 
available serum sample (within 30 days) using the computerized 
DMSS database. From the list of possible control subjects, four 
men were chosen at random as the control set. The first man on the 
list was designated as the primary control subject. Attempts were 
made to enroll the primary control subject for 30 days via electronic 
tracing attempts, letters, and telephone calls. If the primary control 
subject was not completely enrolled in the study within 30 days, 
similar attempts to enroll the next possible control in the set were 
initiated. In some cases, this scheme resulted in more than one 
control subject being enrolled for a particular case subject. 

 The database linkage identifi ed 961 men diagnosed with TGCT 
between 1988 and 2003 who appeared to meet the study criteria. 
Further review found that 76 men could not be traced, 27 had died, 
3 were known to be deployed to a combat zone, and 2 were ineligi-
ble, leaving 853 possible participants. Of these men, 22 were in the 
process of being contacted when the study closed. Of the 831 men 
contacted, 754 (91%) agreed to participate. Among potential con-
trol subjects, 2579 were evaluated for inclusion. Of these, 385 could 
not be traced, 18 had died, 64 were known to be deployed to a 
combat zone, and 2 were ineligible. In addition, 928 could not be 
enrolled within 30 days. Of the remaining 1182 men, 32 were in 
the process of being contacted when the study closed. Thus, of the 
1150 potential control subjects contacted, 928 (81%) agreed to 
participate. Among the 754 case subjects and 928 control subjects 
enrolled, 720 were matched case – control pairs. 

 To participate, each man agreed to complete a study question-
naire, donated a buccal cell sample collected in mouthwash, 
granted permission to use his DoDSR serum specimen, and signed 
an informed consent document. The study was approved by insti-
tutional review boards of the National Cancer Institute, Bethesda, 
MD, and the Walter Reed Army Institute for Research, Silver 
Spring, MD.  

  Questionnaire Data 

 Each participant was administered a computer-assisted telephone 
interview composed of nine modules. Case subjects were asked 
questions in reference to a date 1 year before their TGCT diagnosis 
(referred to as the reference date). Control subjects were assigned 
the same reference date as their matched case subject. For the cur-
rent analysis, participants were asked to report their height and 
weight as of the reference date and to report whether they had a 
personal history of cryptorchism and/or a family history of testicu-
lar cancer in first- or second-degree relatives.  

  CONTEXT AND CAVEATS 

  Prior knowledge 

 Previous work had suggested that exposure to organochlorine 
pesticides was associated with increased risk of testicular germ cell 
tumors (TGCTs).  

  Study design 

 A case – control design was used to test the association of serum 
levels of several organochlorines and the risk of TGCTs in young 
men.  

  Contribution 

 The pesticide dichlorodiphenyldichloroethylene was statistically 
significantly associated with the risk of TGCTs, and the data sug-
gested that chlordane isomers may be associated with the risk of 
seminoma.  

  Implications 

 Further examination of the association of organochlorine pesti-
cides with TGCTs in other populations is needed, particularly given 
that more widespread use is being considered in the developing 
world.  

  Limitations 

 Because assessment of the association of several chemicals with 
TGCT risk entailed multiple comparisons, some of the results 
should be interpreted with caution.      
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  Laboratory Methods 

 Eleven organochlorine compounds were analyzed at the Human 
Toxicology Laboratory of the Institut National de Santé Publique 
du Québec. Each case sample was analyzed in the same batch as its 
matched control, and laboratory personnel were blinded to the case 
or control status of all samples. Two quality control samples con-
sisting of pooled serum were randomly inserted in each batch. The 
compounds analyzed were  � -chlordane,  � -chlordane, oxychlordane, 
 trans -nonachlor,  cis -nonachlor, aldrin, mirex,  � -hexachlorocyclo-
hexane, hexachlorobenzene,  p , p  ′ -dichlorodiphenyltrichloroethane 
( p , p  ′ -DDT), and  p , p  ′ -dichlorodiphenyldichloroethylene ( p , p  ′ -DDE). 
The plasma samples, enriched with isotopically labeled internal 
standards, were denatured using formic acid. Analytes were then 
automatically extracted from the matrix by solid-phase extraction. 
Extracts were automatically cleaned on a florisil column and ana-
lyzed by gas chromatography – mass spectrometry. Detection of ions 
generated from negative chemical isolation was accomplished in the 
selected ion monitoring mode. Evaluation of concentrations was 
done by considering recoveries of the labeled internal standards. A 
linear calibration extended up to 10  µ g/L for most analytes. The 
amounts of analytes present in higher concentrations were deter-
mined after appropriate dilutions. The mean detection limit of all 
analytes was approximately 0.005  µ g/L. Average within-day vari-
ability ranged from 2% to 5%, and average recovery was 80%. For 
each compound, the limit of detection, median levels, and coeffi-
cients of variation, which incorporate both within- and between-
batch variability, are available online as supplementary materials. 
The laboratory’s accuracy in detection of organochlorine pesticide 
levels has been validated through successful participation in two 
external quality assessment schemes, the German External Quality 
Assurance Scheme (Erlangen University) and the Arctic Monitoring 
and Assessment Program Ring Test (Quebec). 

 To permit adjustment of the POP measurements for lipid 
levels, serum samples were analyzed for triglycerides, free and 
total cholesterol, and phospholipids. Each POP level was then 
divided by the total lipid level. The lipid measurements were made 
with enzyme bioassays using reagents produced by Randox Labo-
ratories (Antrim, UK). Measurements of POPs and lipid levels 
were obtained for 739 case subjects and 915 control subjects.  

  Statistical Analysis 

 To conduct logistic regression analyses, lipid-adjusted POP levels 
were categorized into quartiles based on the levels in those control 
subjects that were above the limit of detection. Organochlorine 
levels equal to or below the limit of detection were imputed as the 
midpoint of the limit and were included in the first quartile for 
regression analysis. Odds ratios (ORs) and 95% confidence inter-
vals (CIs) were calculated to estimate the association of each POP 
quartile with the risk of TGCT overall and with risk of seminoma 
or nonseminoma separately. One case subject was excluded from 
the histology-specific analyses because his tumor histology was 
unknown. Given the matched case – control design, risk estimates 
adjusting for confounders were first generated using conditional 
logistic regression, restricting the analysis to only the matched sets. 
Modeling using unconditional logistic regression was subsequently 
performed using the data from all participants. Because the latter 
involved breaking the match, risk estimates derived from the 

unconditional logistic regression models were adjusted for the three 
matching factors: age at reference date, race, and date of serum 
sample collection. Both logistic regression models were adjusted for 
the known TGCT risk factors: personal history of cryptorchism 
(yes, no), family history of testicular cancer (yes, no), and height, as 
well as for age at serum draw and for body mass index (BMI; kg/m 2 ) 
because BMI is associated with plasma organochlorine levels ( 11 ). 
Tests for trend in risk were computed using scored variables for 
plasma levels, based on the median levels of each quartile, to evalu-
ate possible dose – response relationships. A measure of total chlor-
dane exposure was evaluated in risk analysis by adding together 
the standardized levels [(level  �  mean level)/SD] of lipid-adjusted 
 cis -nonachlor,  trans -nonachlor, and oxychlordane. Because results 
using conditional and unconditional logistic regression were simi-
lar, only those using the latter approach are presented. Attributable 
risk calculation was done as described ( 12 ). Statistical analyses were 
conducted using SAS Release 9.1 (SAS Institute Inc, Cary, NC). 
All tests were two-sided, with  P  less than .05 defined as the level of 
statistical significance.   

  Results 
 We included 739 case subjects (313 with seminoma and 425 with 
nonseminoma) and 915 control subjects in the analysis ( Table 1 ). 
The set of serum samples included 685 matched pairs (300 semi-
noma and 385 nonseminoma). Case and control subjects were 
matched on birth year and ethnicity, and thus, there were no appre-
ciable differences in the distributions of these variables. Overall, the 
seminoma case subjects were somewhat older than the control sub-
jects ( P  < .001), and the nonseminoma case subjects were somewhat 
younger ( P  < .0001). The case subjects ( P  < .001), particularly the 
nonseminoma case subjects ( P  < .0001), were statistically significantly 
more likely than the control subjects to have a history of cryptor-
chism. The case subjects were also statistically significantly more 
likely to have a family history of testicular cancer ( P  < .001) and were 
taller ( P  < .001) than the control subjects. No difference in BMI was 
evident between the case subjects and control subjects ( P  = .86).     

 The serum analyses of POP levels were conducted in 2006. 
Among all participants, the mean storage time (from serum dona-
tion until laboratory analysis) was 14.2 years (14.1 and 14.3 years 
in case and control subjects, respectively). The median time was 
15.5 years for both case subjects and control subjects. The mini-
mum storage time for any sample was 3.8 years, and the maximum 
was 18.9 years. There were no statistically signifi cant differences in 
storage time between the samples of the case and control subjects 
( P  = .12, data not shown). There was also no statistically signifi cant 
difference in the average length of time between sample donation 
and reference date among case and control subjects (case subjects 
= 3.94 years, control subjects = 3.96 years,  P  = .89, data not shown). 
Because the samples were analyzed in batches, an analysis that 
examined the effect of batch was conducted for each compound. 
No statistically signifi cant effects of batch were identifi ed (data not 
shown). 

 Of the 11 POPs analyzed, four (aldrin,  � -chlordane,  � -chlordane, 
and hexachlorobenzene) were excluded from data analysis because 
fewer than 35% of the study samples had values above the limit of 
detection (see Supplementary Material, available online, for limit 
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of detection of each compound). A fi fth compound,  p , p  ′ -DDT, was 
detectable in only 20% of the samples but was retained in the 
analysis because it is the parent compound of  p , p  ′ -DDE. 

 After adjustment for age at blood donation, ethnicity, date of 
serum draw, age at reference date, personal history of cryptorchism, 
family history of TGCT, height, and BMI, there were statistically 
signifi cant associations between TGCT risk and serum levels of 
 cis -nonachlor (for highest quartile [Q4] vs lowest quartile [Q1], 
OR = 1.56, 95% CI = 1.11 to 2.18,  P  trend  = .009),  trans -nonachlor 
(Q4 vs Q1, OR = 1.46, 95% CI = 1.07 to 2.00,  P  trend  = .026), and 
total chlordanes (ie,  cis -nonachlor,  trans -nonachlor, and oxychlor-
dane) (Q4 vs Q1, OR = 1.51, 95% CI = 1.09 to 2.10,  P  trend  = .027) 
( Table 2 ). There was a statistically signifi cant association between 
 p , p  ′ -DDE (Q4 vs Q1, OR = 1.71, 95% CI = 1.23 to 2.38,  P  trend  = 
.0002) and risk of TGCT. There were no statistically signifi cant 
associations between serum levels of oxychlordane,  p , p  ′ -DDT, 
 � -HCH, or Mirex and the risk of TGCT.     

 We performed similar analyses to test the associations of 
organochlorines and seminoma ( Table 3 ).  Cis -nonachlor (Q4 
vs Q1, OR = 1.93, 95% CI = 1.27 to 2.93,  P  trend  = .0045),  trans -
nonachlor (Q4 vs Q1, OR = 1.72, 95% CI = 1.11 to 2.67,  P  trend  = 
.033), oxychlordane (Q4 vs Q1, OR = 1.64, 95% CI = 1.04 to 2.60, 

 P  trend  = .048), total chlordanes (Q4 vs Q1, OR = 1.90, 95% CI = 
1.20 to 3.00,  P  trend  = .025), and  p , p  ′ -DDE (Q4 vs Q1, OR = 1.91, 95% 
CI = 1.22 to 2.99,  P  trend  = .0008) were statistically signifi cantly 
associated with increased risk of seminoma. By contrast, analyses 
of associations with nonseminoma showed that, among the 
organochlorine pesticides, only  p , p  ′ -DDE was statistically signifi -
cantly related to increased risk of nonseminoma (Q4 vs Q1, OR = 
1.63, 95% CI = 1.10 to 2.42,  P  trend  = .0044,  Table 4 ).         

 Because the study was based on a matched case – control design, 
all analyses presented in  Tables 2  –  4  were conducted both as con-
ditional and unconditional analyses. There were no statistically 
signifi cant differences in the results of the analyses (data not 
shown); thus, only the unconditional results are displayed.  

  Discussion 
 In 1993, Sharpe and Skakkebaek ( 8 ) first stated the estrogen 
hypothesis, which postulates that the increasing incidence of repro-
ductive abnormalities in the human male may be related to in creased 
estrogen exposure in utero. In the same year, Colborn et al. ( 13 ) 
suggested that adverse developmental effects are associated 
with in utero exposures to endocrine-disrupting chemicals. 

 Table 1 .     Selected characteristics of case subjects and control subjects in Servicemen’s Testicular Tumor Environmental and Endocrine 
Determinants Study *   

  Characteristic

Control subjects

 (n = 915)

Case subjects 

All TGCT (n = 739) Seminoma (n = 313) Nonseminoma (n = 425) 

 No. (%) No. (%)  P  value  †  No. (%)  P  value  †  No. (%)  P  value  †    

  Reference age (y) .94 <.001 <.001 
     18 – 20 67 (7.3) 64 (8.7) 12 (3.8) 52 (12.2)  
     21 – 25 306 (33.4) 240 (32.5) 57 (18.2) 182 (42.8)  
     26 – 30 261 (28.5) 206 (27.9) 106 (33.9) 100 (23.5)  
     31 – 35 159 (17.4) 132 (17.9) 74 (23.6) 58 (13.6)  
     36 – 40 96 (10.5) 75 (10.2) 49 (15.7) 26 (6.1)  
     41 – 45 26 (2.8) 22 (3.0) 15 (4.8) 7 (1.6)  
 Race/ethnicity .47 .10 .37 
     White 781 (85.4) 625 (84.6) 253 (80.8) 372 (87.5)  
     Black 34 (3.7) 22 (3.0) 12 (3.8) 10 (2.4)  
     Other 100 (10.9) 92 (12.4) 48 (15.3) 43 (10.1)  
 History of cryptorchism <.001 .067 <.0001 
     No 899 (98.3) 700 (94.7) 302 (96.5) 397 (93.4)  
     Yes 16 (1.7) 39 (5.3) 11 (3.5) 28 (6.6)  
 Family history of testicular 
  cancer  ‡  <.001 <.001 .02 
     No 901 (98.5) 708 (95.8) 297 (94.9) 410 (96.5)  
     Yes 14 (1.5) 31 (4.2) 16 (15.1) 15 (3.5)  
 Body mass index § .86 .24 .93 
     <18.5 11 (1.2) 9 (1.2) 4 (1.3) 4 (0.9)  
     18.5 – 24.9 405 (44.3) 325 (44.0) 136 (43.5) 189 (44.4)  
     25.0 – 29.9 452 (49.4) 360 (48.7) 147 (47.0) 213 (50.1)  
     ≥30.0 47 (5.1) 45 (6.1) 26 (8.3) 19 (4.5)  
 Adult height (inches)  
     <68 257 (28.1) 151 (20.4) <.001 60 (19.2) .01 91 (21.4) .016 
     68 – 70 253 (27.6) 217 (29.4) 96 (30.7) 121 (28.5)  
     71 – 72 237 (25.9) 193 (26.1) 84 (26.8) 109 (25.6)  
     ≥73 168 (18.4) 178 (24.1) 73 (23.3) 104 (24.5)   

  * Tumor histology was unknown for one case subject. TGCT = testicular germ cell tumor.  

   †     P  value of  �  2  test.  

   ‡    Family history in first- and second-degree relatives.  

  §   Body mass index = weight in kg divided by square of the height in m.   
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Together, these papers focused attention on the possible link 
between endocrine-disrupting chemicals and the group of disorders 
(testicular cancer, cryptorchism, hypospadias, and impaired sper-
matogenesis) that came to be known as the testicular dysgenesis 
syndrome ( 10 ). Only recently have studies testing the endocrine-
disrupting chemicals hypothesis begun to emerge. The conclusions 
of this study, that  p , p  ′ -DDE and chlordane-related compounds 
( cis -nanachlor,  trans -nonachlor, oxychlordane, total chlordanes), are 
associated with risk of TGCT, support the endocrine-disrupting 
chemicals hypothesis and suggest that some of the increase in 
TGCT incidence in recent decades could be related to accumulation 
of these chemicals in the environment. 

 Among the endocrine-disrupting chemicals, the organochlo-
rine pesticides (POPs) have been a focus of particular interest 
because they include the fi rst modern synthetic pesticide, DDT. 

DDT, now banned in the United States, was in general commer-
cial use in the United States between 1945 and 1973 ( 14 ). As a 
consequence of the ban, measured serum levels of DDT and its 
main persistent metabolite, dichlorodiphenyldichloroethylene 
( p , p  ′ -DDE), have declined in the US population in the past few 
decades ( 15 ). DDT mimics the actions of estrogen by binding to 
estrogen receptors, whereas  p , p  ′ -DDE has been demonstrated to 
be antiandrogenic ( 16 ). The association between  p , p  ′ -DDE and 
TGCT in this study suggests that the risks of both seminoma and 
nonseminoma may be more related to antiandrogenic activity than 
to estrogenic activity. 

 This study cannot determine how and when the study partici-
pants were exposed to  p , p  ′ -DDT and/or  p , p  ′ -DDE. Because DDT 
can cross the placenta and is present in breast milk, at least some of 
the exposure may have occurred in utero and/or via breast feeding 

 Table 2 .     Adjusted relative risk of testicular germ cell tumors by quartile of lipid-adjusted serum levels of persistent organochlorine 
pesticides in the Servicemen’s Testicular Tumor Environmental and Endocrine Determinants Study *   

  Quartile characteristic Quartile 1 Quartile 2 Quartile 3 Quartile 4  P  trend   

   Cis -nonachlor  
      µ g/g lipid  ≤ 0.00218 0.00219 – 0.00280 0.00281 – 0.00386 >0.00386  
     Case subjects (n) 511 72 66 87  
     Control subjects (n) 670 81 82 80  
     Relative risk (95% CI) 1.00 (referent) 1.30 (0.91 to 1.85) 1.12 (0.78 to 1.61) 1.56 (1.11 to 2.18) .009 
  Trans -nonachlor  
      µ g/g lipid  ≤ 0.0105 0.0105 – 0.0165 0.0166 – 0.0245 >0.0245  
     Case subjects (n) 193 186 147 210  
     Control subjects (n) 252 220 221 220  
     Relative risk (95% CI) 1.00 (referent) 1.25 (0.93 to 1.68) 0.98 (0.71 to 1.34) 1.46 (1.07 to 2.00) .026 
 Oxychlordane  
      µ g/g lipid  ≤ 0.00805 0.00806 – 0.0116 0.0117 – 0.0171 >0.0171  
     Case subjects (n) 187 170 188 191  
     Control subjects (n) 238 225 225 225  
     Relative risk (95% CI) 1.00 (referent) 1.10 (0.81 to 1.50) 1.21 (0.88 to 1.66) 1.27 (0.92 to 1.76) .14 
  p , p  ′ -DDE  
      µ g/g lipid  ≤ 0.157 0.158 – 0.250 0.251 – 0.390 >0.390  
     Case subjects (n) 186 167 146 236  
     Control subjects (n) 238 230 220 224  
     Relative risk (95% CI) 1.00 (referent) 1.01 (0.75 to 1.36) 1.00 (0.73 to 1.38) 1.71 (1.23 to 2.38) .0002 
  p , p  ′ -DDT  
      µ g/g lipid  ≤ 0.0209 0.0210 – 0.259 0.260 – 0.397 >0.397  
     Case subjects (n) 630 27 40 37  
     Control subjects (n) 784 43 43 42  
     Relative risk (95% CI) 1.00 (referent) 0.81 (0.49 to 1.35) 1.27 (0.81 to 2.01) 1.13 (0.71 to 1.82) .50 
  � -hexachlorocyclohexane  
      µ g/g lipid  ≤ 0.00582 0.00583 – 0.00804 0.00805 – 0.0115 >0.0115  
     Case subjects (n) 306 160 125 143  
     Control subjects (n) 355 185 188 185  
     Relative risk (95% CI) 1.00 (referent) 1.05 (0.80 to 1.40) 0.82 (0.60 to 1.11) 0.90 (0.65 to 1.24) .40 
 Mirex  
      µ g/g lipid  ≤ 0.00474 0.00475 – 0.00640 0.00641 – 0.00952 >0.00952  
     Case subjects (n) 518 70 63 83  
     Control subjects (n) 642 91 89 90  
     Relative risk (95% CI) 1.00 (referent) 1.07 (0.76 to 1.51) 0.89 (0.62 to 1.27) 1.24 (0.90 to 1.74) .32 
 Total chlordanes  †   
     Case subjects (n) 170 196 156 214  
     Control subjects (n) 229 227 228 229  
     Relative risk (95% CI) 1.00 (referent) 1.31 (0.97 to 1.77) 1.05 (0.76 to 1.46) 1.51 (1.09 to 2.10) .027  

  *   Adjusted for age at blood donation, ethnicity, date of serum draw, age at reference date, cryptorchism, family history, height, and body mass index. Relative risk 
assumed to be equivalent to the odds ratio based on the rare disease assumption. CI = confidence interval;  p , p  ′ -DDE =  p , p  ′ -dichlorodiphenyldichloroethylene; 
 p , p  ′ -DDT =  p , p  ′ -dichlorodiphenyltrichloroethane.  

   †    Total chlordanes =  cis -nonachlor +  trans -nonachlor + oxychlordane.   
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 Table 3 .     Adjusted relative risk of seminoma by quartile of lipid-adjusted levels of serum organochlorines in the Servicemen’s Testicular 
Tumor Environmental and Endocrine Determinants Study *   

  Quartile characteristic Quartile 1 Quartile 2 Quartile 3 Quartile 4  P  trend   

   Cis -nonachlor  
      µ g/g lipid  ≤ 0.00218 0.00219 – 0.00280 0.00281 – 0.00386 >0.00386  
     Case subjects (n) 200 33 31 49  
     Control subjects (n) 670 81 82 80  
     Relative risk (95% CI) 1.00 (referent) 1.26 (0.80 to 2.00) 1.00 (0.62 to 1.61) 1.93 (1.27 to 2.93) .0045 
  Trans -nonachlor  
      µ g/g lipid  ≤ 0.0105 0.0105 – 0.0165 0.0166 – 0.0245 >0.0245  
     Case subjects (n) 59 77 75 102  
     Control subjects (n) 252 220 221 220  
     Relative risk (95% CI) 1.00 (referent) 1.44 (0.94 to 2.21) 1.28 (0.82 to 2.00) 1.72 (1.11 to 2.67) .033 
 Oxychlordane  
      µ g/g lipid  ≤ 0.00805 0.00806 – 0.0116 0.0117 – 0.0171 >0.0171  
     Case subjects (n) 58 70 89 96  
     Control subjects (n) 238 225 225 225  
     Relative risk (95% CI) 1.00 (referent) 1.33 (0.86 to 2.06) 1.62 (1.04 to 2.53) 1.64 (1.04 to 2.60) .048 
  p , p  ′ -DDE  
      µ g/g lipid  ≤ 0.157 0.158 – 0.250 0.251 – 0.390 >0.390  
     Case subjects (n) 59 68 57 128  
     Control subjects (n) 238 230 220 224  
     Relative risk (95% CI) 1.00 (referent) 1.17 (0.76 to 1.78) 0.98 (0.62 to 1.54) 1.91 (1.22 to 2.99) .0008 
  p , p  ′ -DDT  
      µ g/g lipid  ≤ 0.0209 0.0210 – 0.259 0.260 – 0.397 >0.397  
     Case subjects (n) 260 11 19 22  
     Control subjects (n) 784 43 43 42  
     Relative risk (95% CI) 1.00 (referent) 0.59 (0.29 to 1.19) 1.20 (0.67 to 2.14) 1.30 (0.73 to 2.30) .40 
  � -hexachlorocyclohexane  
      µ g/g lipid  ≤ 0.00582 0.00583 – 0.00804 0.00805 – 0.0115 >0.0115  
     Case subjects (n) 104 64 66 78  
     Control subjects (n) 355 185 188 185  
     Relative risk (95% CI) 1.00 (referent) 1.07 (0.72 to 1.58) 1.03 (0.68 to 1.55) 0.97 (0.63 to 1.49) .83 
 Mirex  
      µ g/g lipid  ≤ 0.00474 0.00475 – 0.00640 0.00641 – 0.00952 >0.00952  
     Case subjects (n) 208 30 34 40  
     Control subjects (n) 642 91 89 90  
     Relative risk (95% CI) 1.00 (referent) 0.84 (0.53 to 1.34) 0.86 (0.55 to 1.36) 1.15 (0.75 to 1.77) .74 
 Total chlordanes  †   
     Case subjects (n) 52 80 73 108  
     Control subjects (n) 229 227 228 229  
     Relative risk (95% CI) 1.00 (referent) 1.64 (1.06 to 2.54) 1.33 (0.84 to 2.10) 1.90 (1.20 to 3.00) .025  

  *   Adjusted for age at blood donation, ethnicity, date of serum draw, age at reference date, cryptorchism, family history, height, and body mass index. Relative risk 
assumed to be equivalent to the odds ratio based on the rare disease assumption. CI = confidence interval;  p , p  ′ -DDE =  p , p  ′ -dichlorodiphenyldichloroethylene; 
 p , p  ′ -DDT =  p , p  ′ -dichlorodiphenyltrichloroethane.  

   †    Total chlordanes =  cis -nonachlor +  trans -nonachlor + oxychlordane.   

( 17 , 18 ). If substantial exposure occurred in utero, it is conceivable 
that  p , p  ′ -DDT and/or  p , p  ′ -DDE could also be related to the risk of 
the congenital malformations of the testicular dysgenesis syndrome. 

 Several studies in humans have examined the relationship 
between serum DDT or DDE and cryptorchism ( 19  –  23 ), and 
none have reported a statistically signifi cant association. Similarly, 
at least three studies of hypospadias and DDT/DDE have been 
reported ( 19 , 20 , 24 ), and all yielded null results. In addition, a 
proxy measure of fetal androgen action, anogenital distance, was 
not associated in humans with in utero exposure to DDE ( 25 ). 
Taken together, these results do not support a strong association 
between DDT/DDE exposure and the congenital anomalies that 
comprise the testicular dysgenesis syndrome. 

 Of the two testicular dysgenesis syndrome disorders that arise 
in adulthood, impaired spermatogenesis and TGCT, there is more 

evidence of a link between DDT and the former condition. Studies 
of semen quality ( 26  –  29 ) have reported that decreased sperm con-
centration and motility and/or abnormal morphology may be 
associated with DDT/DDE exposure, although not all study 
results have been consistent ( 30 ). As for TGCT, only one prior 
study of DDE has been reported ( 31 ). Examining a Swedish popu-
lation and using a case – control design, Hardell et al. ( 31 ) found no 
association between serum levels of DDE and TGCT in the study 
participants or in mothers of the participants. The study was small, 
however (58 case subjects and 61 control subjects), so it may not 
have had adequate power to detect an association. Furthermore, in 
the study of Hardell et al. ( 31 ), the blood samples were drawn 
between 1997 and 2000, in contrast with this study, for which the 
blood samples were drawn as early as 1987. Because DDT/DDE 
levels in the populations of developed countries have been 
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declining over time, it is possible that lower levels in the period 
between 1997 and 2000 would make an association diffi cult to 
detect ( 32 ). Finally, evidence from studies of DDT/DDE in breast 
milk suggests that DDT/DDE exposures in Sweden were lower, in 
general, than those in the United States ( 33 ). For example, the 
serum DDE levels found in this study were approximately 250% 
higher than the levels reported in the Swedish study. If the relative 
risks calculated in this study are accurate, the population-attribut-
able risk of DDE (ie, the proportion of disease in the study popula-
tion that is attributable to DDE exposure) would be approximately 
15% for all TGCT (95% CI = 0% to 31%) and approximately 
29% for seminoma (95% CI = 0% to 46%). 

 If DDE exposure is associated with the adult testicular 
dysgenesis syndrome disorders and not with the congenital 
malformations, it may indicate that male reproductive disorders 

do not become manifest until a higher body burden of DDE is 
attained. As noted by several studies ( 11 , 32 ), DDE levels increase 
with age. Alternatively, the etiologies of the perinatal and adult 
reproductive disorders may differ with respect to DDT exposure. 

 Chlordane, a cyclodiene insecticide that is metabolized to 
oxychlordane, consists of more than 140 isomers, including  cis -
 chlordane,  trans -chlordane,  cis -nonachlor,  trans -nonachlor, and a 
closely related cyclodiene insecticide, heptachlor ( 34 ). Chlordane 
was used in the United States between 1947 and 1988 on agricul-
tural crops and as a termiticide. The association of the chlordane 
isomers with the testicular dysgenesis syndrome disorders has not 
been studied as extensively as that of DDT/DDE. Two studies 
have examined whether higher chlordane levels are associated with 
cryptorchism. One of the studies ( 21 ) examined adipose levels of 
chlordane in boys and found no association, whereas the other 

 Table 4 .     Adjusted relative risk of nonseminoma by quartile of lipid-adjusted levels of serum organochlorines in the Servicemen’s 
Testicular Tumor Environmental and Endocrine Determinants Study *   

  Quartile characteristic Quartile 1 Quartile 2 Quartile 3 Quartile 4  P  trend   

   Cis -nonachlor  
      µ g/g lipid  ≤ 0.00218 0.00219 – 0.00280 0.00281 – 0.00386 >0.00386  
     Case subjects (n) 310 39 35 38  
     Control subjects (n) 670 81 82 80  
     Relative risk (95% CI) 1.00 (referent) 1.32 (0.86 to 2.03) 1.22 (0.78 to 1.90) 1.32 (0.86 to 2.03) .12 
  Trans -nonachlor  
      µ g/g lipid  ≤ 0.0105 0.0105 – 0.0165 0.0166 – 0.0245 >0.0245  
     Case subjects (n) 134 109 72 107  
     Control subjects (n) 252 220 221 220  
     Relative risk (95% CI) 1.00 (referent) 1.16 (0.82 to 1.64) 0.83 (0.56 to 1.21) 1.39 (0.96 to 2.00) .10 
 Oxychlordane  
      µ g/g lipid  ≤ 0.00805 0.00806 – 0.0116 0.0117 – 0.0171 >0.0171  
     Case subjects (n) 129 100 99 94  
     Control subjects (n) 238 225 225 225  
     Relative risk (95% CI) 1.00 (referent) 1.02 (0.71 to 1.45) 1.03 (0.71 to 1.50) 1.11 (0.75 to 1.63) .58 
  p , p  ′ -DDE  
      µ g/g lipid  ≤ 0.157 0.158 – 0.250 0.251 – 0.390 >0.390  
     Case subjects (n) 127 98 89 108  
     Control subjects (n) 238 230 220 224  
     Relative risk (95%CI) 1.00 (referent) 0.98 (0.69 to 1.39) 1.10 (0.76 to 1.59) 1.63 (1.10 to 2.42) .0044 
  p , p  ′ -DDT  
      µ g/g lipid  ≤ 0.0209 0.0210 – 0.259 0.260 – 0.397 >0.397  
     Case subjects (n) 369 16 21 15  
     Control subjects (n) 784 43 43 42  
     Relative risk (95% CI) 1.00 (referent) 1.02 (0.55 to 1.90) 1.39 (0.79 to 2.42) 0.94 (0.50 to 1.77) .86 
  � -hexachlorocyclohexane  
      µ g/g lipid  ≤ 0.00582 0.00583 – 0.00804 0.00805 – 0.0115 >0.0115  
     Case subjects (n) 202 96 58 65  
     Control subjects (n) 355 185 188 185  
     Relative risk (95% CI) 1.00 (referent) 1.05 (0.75 to 1.45) 0.66 (0.45 to 0.97) 0.85 (0.57 to 1.26) .24 
 Mirex  
      µ g/g lipid  ≤ 0.00474 0.00475 – 0.00640 0.00641 – 0.00952 >0.00952  
     Case subjects (n) 310 40 29 42  
     Control subjects (n) 642 91 89 90  
     Relative risk (95% CI) 1.00 (referent) 1.28 (0.85 to 1.95) 0.90 (0.57 to 1.43) 1.24 (0.82 to 1.88) .36 
 Total chlordanes  †   
     Case subjects (n) 118 116 83 105  
     Control subjects (n) 229 227 228 229  
     Relative risk (95% CI) 1.00 (referent) 1.17 (0.82 to 1.67) 0.91 (0.62 to 1.34) 1.37 (0.93 to 2.02) .13  

  *   Adjusted for age at blood donation, ethnicity, date of serum draw, age at reference date, cryptorchism, family history, height, and body mass index. Relative risk 
assumed to be equivalent to the odds ratio based on the rare disease assumption. CI = confidence interval;  p , p  ′ -DDE =  p , p  ′ -dichlorodiphenyldichloroethylene; 
 p , p  ′ -DDT =  p , p  ′ -dichlorodiphenyltrichloroethane.  

   †    Total chlordanes =  cis -nonachlor +  trans -nonachlor + oxychlordane.   
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study ( 22 ) examined breast milk chlordane levels in mothers of 
affected boys and found a statistically signifi cant association. 
Studies of the association between cryptorchism and serum hepta-
chlor have also resulted in inconsistent fi ndings ( 20 , 22 , 35 ). 
Collectively, these studies suggest that the chlordane isomers 
might be associated with risk of cryptorchism. 

 An association between TGCT and serum levels of chlordane 
isomers was examined by Hardell et al. ( 31 ) in the same Swedish 
population in which serum DDE levels were examined. Consistent 
with the association detected in this study, serum  cis -nonachlor lev-
els were statistically signifi cantly higher in men with TGCT, par-
ticularly in men with seminoma (OR = 4.8, 95% CI = 1.4 to 16.0, 
 P  = .04). In addition, the mothers of case subjects in the Swedish 
study had statistically signifi cantly higher levels of  cis -nonachlor 
( P  = .02),  trans -nonachlor ( P  = .008), and total chlordanes ( P  = .04) 
than mothers of control subjects. In contrast to the men, however, 
the levels of DDE were statistically signifi cantly elevated only among 
the mothers of nonseminoma case subjects, although the odds ratios 
were somewhat elevated among the mothers of the seminoma case 
subjects as well. However, given the small number of tumors, partic-
ularly after stratifi cation by histology, it is unclear whether any dis-
crepancy between the sons’ and mothers’ fi ndings exists. 

 The underlying mechanism that would explain the association 
of chlordane with risk of TGCT is not clear. Chlordane does not 
appear to be estrogenic, as indicated by its inability to stimulate 
proliferation in the estrogen-dependent breast tumor cell line 
MCF-7 ( 36 , 37 ). There is some evidence from rodent models, 
however, that chlordane affects the hepatic metabolism of estro-
gens ( 38 ). Furthermore, chlordane may act as an androgenic agent 
by inhibiting the actions of aromatase, and, by acting as an antago-
nist of the estrogen-related receptor  � -1, it may have a negative 
regulatory effect on aromatase expression ( 39 ). Based on studies in 
rodents of its carcinogenic properties, the International Agency 
for Research on Cancer classifi ed chlordane as a possible human 
carcinogen ( 34 ). Whatever the underlying mechanism, an associa-
tion of serum chlordane with seminoma, but not nonseminoma, is 
consistent with trends in TGCT incidence in the United States 
( 1 ): rates of seminoma have continued to increase, whereas rates of 
nonseminoma appear to have plateaued. If DDE is associated with 
both seminoma and nonseminoma and DDE levels are falling in 
the population, the trend may indicate that DDE’s contribution to 
TGCT incidence has peaked. Chlordane, however, was used for 
at least 15 years after DDT was banned, so levels may be propor-
tionally higher than DDE levels in the population. The specifi c 
association of chlordane with the risk of seminoma might explain 
why seminoma rates are continuing to increase. Further research, 
however, will be required to determine whether the fi ndings of 
this study are replicated in other populations. Based on the risks 
seen in this study, the population-attributable risks of the chlor-
dane compounds for seminoma would be 28% (95% CI = 0% to 
50%) for oxychlordane, 26% (95% CI = 0% to 48%) for  trans -
nonachlor, and 9% (95% CI = 0% to 12%) for  cis -nonachlor. 

 A major advantage of this study was that prediagnostic serum 
samples were analyzed. Other advantages were that participants 
were drawn from a well-defi ned population, the response rate was 
high, the classifi cation of the tumors was histologically confi rmed, 
and the participants were likely to be representative of a wide 

spectrum of the underlying population. Our study also had several 
limitations. Some potential participants could not be contacted 
due to deployment, which could present a bias if the deployed men 
were systematically different than the nondeployed men. Because 
most young men in the military are healthy and fi t, however, it is 
unlikely that deployment status introduced a substantial bias. 
Another limitation is that the analysis adjusted for self-reported 
body size rather than measured body size. The study, also, could 
not determine when and how the participants were exposed to 
POPs and thus could not determine the critical window of expo-
sure. Finally, our analyses included multiple comparisons; thus, 
some caution should be exercised when interpreting the results. It 
is worth noting, however, that the relationship between  p , p  ′ -DDE 
and TGCT would remain statistically signifi cant even after adjust-
ing the  P  value using a Bonferroni correction and that the chlor-
dane relationship with TGCT had been previously reported. 

 In conclusion, this study suggests that DDE is associated with 
the risk of all TGCTs in young men and that chlordane isomers 
are associated with the risk of seminoma. The results argue for 
further examination of the association of POPs and TGCT in 
other populations as chlordane exposure continues to occur and 
more widespread use of DDT is being considered in the devel-
oping world. Because greater use of DDT in any location may 
contribute to higher body burdens of DDT and DDE around 
the world, any relationship with deleterious outcomes should be 
investigated carefully.    
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