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Background: Several studies have investigated the effects of organochlorine (OC) pesticides on adverse
reproductive outcomes. However, few previous studies explored their effects on sex hormones.
Objective: To examine the association between serum concentrations of OC pesticides and levels of sex
hormones in adult population in a rural area in Brazil heavily contaminated with these pesticides.
Methods: A cross-sectional study with 304 men and 300 women was undertaken. Wet weight serum
concentrations of 19 OC pesticides (dichloro-diphenyl-trichloroethane [DDT] and hexachlorocyclohex-
ane [HCH], among others) were determined in all participants. Testosterone levels were obtained for
men and estradiol, progesterone, prolactin, luteinizing hormone (LH) and follicle-stimulating hormone
(FSH) for women. Associations between OC pesticides and sex hormones were evaluated using linear
regression models.

Results: Prevalence of women with non-physiological hyperprolactinemia was 4%. After adjusting for
serum lipids and confounders, heptachlor and o,p’-DDT concentrations in men were associated with
lower testosterone levels, while peri- and postmenopausal women (N=77) showed inverse associa-
tions between LH and hexachlorobenzene (HCB), p,p’-DDT, p,p’-DDD (dichloro-diphenyl-dichloroethane),
endosulfan 1 and 2, aldrin and mirex, as well as between FSH and p,p’-DDD, endosulfan 1 and aldrin. Pre-
menopausal women (N=210) did not show statistically significant associations between OC pesticides
and sex hormones.

Conclusions: Inverse associations between OC pesticide concentrations and testosterone in men and LH
and FSH in peri-/postmenopausal women, together with the high proportion of women with elevated
prolactin, suggest that these OC compounds may have triggered anti-androgenic effects in men and
estrogenic effects in women in this population.
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Introduction on reproductive and sexual functioning, also affecting other organs

and tissues, including the bones. Another critical steroid hormone

Sex hormones are steroids that interact with androgen or
estrogen receptors (Guerreiro, 2009). Among them, testosterone
is the major reproductive hormone in human males, playing
an important role in puberty development and secondary sex
characteristics, normal sexual functioning, and overall physical
and psychological well-being. 17p-estradiol is the predominant
estrogen during female reproductive life and has a critical impact
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in humans is progesterone, which is involved in female fertility,
pregnancy, and embryogenesis. Additional non-steroid hormones
constitute the reproductive axis: the gonadotropins LH (luteinizing
hormone) and FSH (follicle-stimulating hormone) regulate ovarian
hormone production and ovulation, and prolactin stimulates the
mammary glands to produce milk during the postpartum period.
Organochlorine (OC) pesticides are ubiquitous and highly per-
sistent pollutants. Although the use of OC pesticides has been
banned in many countries, they still remain in the environment
and in human tissues (Needham et al., 2005). It has been reported
that a number of OC pesticides are able to interfere with estro-
genic and androgenic activity (Andersen et al., 2002; Briz et al.,
2011; Danzo, 1997; Kelce et al., 1995; Ralph et al., 2003; Walsh
and Stocco, 2000), with the strongest evidence for metabolites
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of DDT (dichloro-diphenyl-trichloroethane), which exhibit potent
estrogen agonism (o,p’-isomers) and androgen antagonism (p,p’-
isomers) in vitro and in vivo (ATSDR, 2002; Kelce et al., 1995; Sohoni
and Sumpter, 1998).

Since OC pesticides may interfere with sex hormones activ-
ity, human exposure to these compounds might affect male and
female reproductive function (Crain et al., 2008; Sharpe, 1995). In
fact, most epidemiological studies on health effects of endocrine-
disrupting chemicals explored outcomes such as decreased sperm
quality, male reproductive tract abnormalities, puberty onset,
altered menstrual cyclicity, early menopause, infertility, and repro-
ductive cancers (Crain et al., 2008; Toft et al., 2004). However,
studies evaluating the effect of exposure to OC pesticides on repro-
ductive hormone levels are scarce, particularly in women (Perry
etal.,2006; Windham et al., 2005). Studies in men are more numer-
ous but are mostly focused on DDT exposure and have shown
inconsistent results (Asawasinsopon et al., 2006; Blanco-Mufioz
et al., 2012; Cocco et al., 2004; Dalvie et al., 2004; Ferguson et al.,
2012; Giwercman et al., 2006; Goncharov et al., 2009; Hagmar et al.,
2001; Martin et al., 2002; Rylander et al., 2006).

The present study aimed to examine the association between
serum concentrations of several OC pesticides and levels of sex hor-
mones in adult men and women in a rural village in Southeast Brazil
heavily contaminated with these pesticides over the past decades.

Materials and methods
Study population

Cidade dos Meninos is a rural village located in the county of
Duque de Caxias, state of Rio de Janeiro, Brazil. In the late 1940s,
a factory was set up in this village for the production of hex-
achlorocyclohexane (HCH) and other OC pesticides, such as DDT
and hexachlorobenzene (HCB), for vector control programs. The
factory was closed in 1961 and the remaining pesticide products
were abandoned outdoors in the vicinity of the plant (Ministério
da Satide, 2003). Since then, local residents have been exposed to
these chemicals through contaminated soil, water, and local food
(Asmus et al., 2008).

In 2003-2004, a population-based survey was conducted in
Cidade dos Meninos to investigate residents’ serum levels of OC
pesticides. Population participating in the survey has been previ-
ously described (Freire et al.,2012). Briefly, 359 out of 381 contacted
families agreed to participate in the study. Participation rate was
96%. Serum samples from 995 subjects, of which 787 (397 men,
390 women) were adults (>14 years old), were analyzed for OC
pesticides and several biochemical and hematological parameters.
An electricity blackout resulted in loss of 23% of the serum sam-
ples, limiting the study to 609 adults (306 men and 303 women)
with completed information on OC pesticides and sex hormones
levels. For the present analysis, three women >70 years old pre-
senting abnormally low gonadotropins levels and two men with
missing information on covariates were excluded. Thus, this study
consists of a cross-sectional analysis of 304 men and 300 women
with available data on serum levels of OC pesticides and sex hor-
mones, which completed information on covariates. The study was
approved by the Ethics Committee of the National School of Public
Health/FIOCRUZ and a signed informed consent was obtained from
all recruited participants.

Interviews

A questionnaire on information about sociodemographic char-
acteristics and lifestyle was completed by study subjects through
face-to-face interviews. Questionnaires were administered by

trained staff after blood sample collection and without previous
knowledge on participants’ exposure status. The following vari-
ables have been used in this study: age (years), self-declared
ethnicity (white or non-white), years residing in Cidade dos
Meninos, period of life in Cidade dos Meninos (residents whose
pregnancy occurred in Cidade dos Meninos, residents that moved
to the study area at age 1-14 years; or residents moving at age
>14 years), current alcohol use (any or none), smoking (never, ex-
smoker, or current smoker), weight (kg), and height (cm). Women
also provided information on age at menarche (years), breastfeed-
ing history (any or none), and parity (number of liveborn infants).

Laboratory analysis

Fasting blood samples were collected before 10:00 a.m. at the
local health unit. Concentrations of OC pesticides were deter-
mined by gas chromatography with electron-capture detection at
the laboratory of the National School of Public Health/FIOCRUZ.
The following analytes were determined: HCH (alpha, beta and
gamma isomers), HCB, chlordane (alpha and gamma isomers),
trans-nonachlor, heptachlor, DDT metabolites (p,p’-DDE, o,p’-DDT,
p,p’-DDT, and p,p’-DDD), endosulfan 1 and 2, aldrin, endrin, dield-
rin, methoxychlor, and mirex. Further information about sample
collection, analytical methodology and detection limits (LD) have
been previously reported (Freire et al., 2012; Sarcinelli et al., 2003).

Concentrations of total cholesterol and triglycerides (in mg/dl)
were determined by colorimetric enzymatic methods at the
National Institute of Cancer (INCA), Rio de Janeiro. Serum concen-
trations of total testosterone, estradiol, progesterone, prolactin, LH,
and FSH were measured by chemiluminiscence assay using ELISA
kit (AlkaTecnologia®, S3o Paulo, Brazil) at the INCA. Laboratory ref-
erence values for sex hormones are presented in Supplemental
Material (Table S1).

Information on women’s reproductive status (i.e. pre-
menopause, perimenopause and postmenopause), menstrual
cycle phase, pregnancy status, and suspected use of oral contra-
ceptives, as well as the presence of any abnormal hormonal profile,
was obtained through the examination of individual hormone
levels by an endocrinologist (R.C.). Peri- and postmenopausal
status was defined as having high FSH, normal or low follicular-
phase estradiol levels, respectively, and progesterone lower
than 1.0ng/ml (Harlow et al, 2012). Women of reproductive
age presenting very high levels of estradiol, progesterone and
prolactin were assumed to be pregnant. The menstrual cycle
phase was considered to be luteal when progesterone levels were
>1.2 ng/ml and was considered follicular when progesterone levels
were <1.2ng/ml, both together with estradiol and gonadotropin
levels within the reference values. Use of oral contraceptives was
suspected when gonadotropins, estradiol and progesterone levels
were below the reference ranges (see Supplemental material).

Statistical analysis

Pesticide concentrations that were below the LD were substi-
tuted with the midpoint value between zero and the LD of each
compound. Pesticide concentrations were treated as continuous
variables since all of them but methoxychlor (which was catego-
rized into values below and above the LD) were detected in more
than 60% of the samples. Statistical analysis in women was strati-
fied by menopausal status, dividing the sample into two groups:
premenopausal women and peri-/postmenopausal women. Chi-
square and Mann-Whitney tests were used to examine differences
in characteristics of study population between genders, in sex
hormone levels between age strata (men) or menopausal status
(women), and in OC pesticide concentrations between genders and
menopausal status.
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Linear regression analyses were performed to examine crude
and adjusted associations between characteristics of study
population, OC pesticides and reproductive hormones, using
natural-logarithm transformed hormone levels. Women with a
hormonal profile compatible with pregnancy (N=9) of oral con-
traceptive use (N=4) were excluded from regression analyses. A
separate model was built for each particular OC pesticides, includ-
ing the wet-weight serum level of the pesticide and the serum
lipid content (i.e. the sum of cholesterol and triglycerides levels) as
independent variables. Associations between each OC pesticide and
each sex hormone were adjusted by confounders that were chosen
on the basis of bivariate associations (p <0.10) with OC pesticide
concentrations and/or hormone levels.

In a second analysis, selected OC pesticides (beta-HCH and p,p’-
DDE) were categorized into quartiles of concentrations to examine
changes in sex hormone levels across exposure groups. Further
multivariate analysis of data was conducted stratifying the study
population according to three different windows of exposure, i.e.
residents whose pregnancy occurred in Cidade dos Meninos and
had lived there since birth; those moving to the study area during
childhood (1-14 years); or residents that moved during adulthood
(=15 years).

A significance level of 0.05 was established. SPSS version 17.0
(SPSS Inc., Chicago, IL, US) was used for the analyses.

Results

Both men and women had a mean age of 39 years, had lived
in Cidade dos Meninos for an average time of 23 years, had a BMI
around 25 kg/m2, and were mostly non-whites (Table 1). Almost
30% of participants were born in Cidade dos Meninos and half of
them moved to the study area during adulthood. Most men and
women were never smokers, although men were more likely to
smoke than women (p =0.005). Half of the men and 24% of women
reported drinking alcohol (p<0.001). Among females, mean age
at menarche was 13 years, 36% of women had given birth to 3
or more children, 66% of them had breastfed anytime, and a peri-
/postmenopausal profile was seen in 77 women (26%).

Testosterone in men decreased steadily from 20 years old on
(p-trend =0.001), except for individuals older than 80 years, who
presented higher levels than younger men (Table 2). The preva-
lence of testosterone levels below normal values increased from
30 years old on, either using the lower limit of the testosterone kit
used or a population-based reference value (Bhasin et al., 2011).
Testosterone levels also decreased with number of years living in
Cidade dos Meninos and with BMI (Table S2).

Hormonal profile of females showed that peri-/postmenopausal
women had significantly lower levels of estradiol, progesterone
and prolactin, and significantly higher LH and FSH, compared to
premenopausal women (Table 3). Non-physiological hyperpro-
lactinemia, characterized by high prolactin and very high estradiol
and progesterone levels, was present in 12 women (4.0%) (data not
shown). The highest prolactin levels (>50 ng/ml) were observed in
women >30 years old, while minor elevations were seen in women
<25 years old. In premenopausal women, those with higher par-
ity had lower progesterone and higher LH, smokers had lower
prolactin than never smokers, and current alcohol consumers had
lower LH levels (Table S3). In addition, age at menarche was pos-
itively associated with prolactin, while years living in Cidade dos
Meninos were positively associated with FSH and BMI. Regarding
peri-/postmenopausal women, ex-smokers had higher levels of
estradiol, while smokers had higher progesterone (Table S4). LH
and FSH were inversely associated with BMI in these women, as
well as they were higher among females who did not breastfeed.
FSH was higher in peri-/postmenopausal women with > 2 children.

Table 1
Characteristics of study population.
Men Women
Sample size 304 300
Age (years), mean (SD, range) 39(17,15-94) 39(17,15-92)
Self-declared ethnicity, n (%)
White 93 (30.6) 92 (30.7)
Non white 211 (69.4) 208 (69.3)
Years in Cidade dos Meninos, 23 (15,<1-61) 23 (14,<1-64)
mean (SD, range)
Lifetime in Cidade dos
Meninos, n (%)
Born in Cidade dos Meninos 82(27.0) 88(29.3)
From 1 to 14 years 75(24.7) 57(19.0)
From >15 years 147 (48.3) 155(51.7)

BMI (kg/m?2), mean (SD, range)
Alcohol consumption, n (%)

24.9(4.3,15.0-39.7)

25.2 (5.7, 14.5-50.8)

No 142 (46.7) 228 (76.0)

Yes 162 (53.3) 72 (24.0)
Smoking habit, n (%)

Never 189 (62.2) 220(73.3)

Ex-smoker 50(16.4) 43 (14.3)

Current smoker 65 (21.4) 37 (12.3)

Cholesterol (mg/dl), mean (SD,

175 (68, 37-399)

187 (49, 57-385)

range)
Triglycerides (mg/dl), mean 127 (108, 29-468) 102 (58, 17-431)
(SD, range)
Menarche age (years), mean - 13(9,9-20)
(SD, range)
Menopausal status, n (%)
Premenopausal - 223 (74.3)
Peri- and postmenopausal - 77 (25.7)
Parity, n (%)
None - 84 (28.0)
1 - 45 (15.0)
2 - 64 (21.3)
>3 - 107 (35.7)
Breastfeeding, n (%)
Ever - 197 (65.7)
Never - 103 (34.3)

SD: standard deviation.
' p<0.05.

Additional information on sex hormone profiles is presented in
Supplemental Material (Appendix 2).

Regarding serum concentrations of OC pesticides, p,p’-DDE and
beta-HCH showed the highest prevalence both in men (>99%) and
total women (>97%), followed by gamma-HCH, alpha-HCH, p,p’-
DDT, and HCB (Table 4). Likewise, the highest concentrations in
both sexes were observed for p,p’-DDE and beta-HCH, which were
particularly high among peri-/postmenopausal women. In addi-
tion to p,p’-DDE and beta-HCH, significantly higher concentrations
of HCB, p,p’-DDT, p,p’-DDD and methoxychlor were observed in
peri-/postmenopausal women than premenopausal ones (Table 4).
Except for HCB, aldrin, and methoxychlor, most correlations
between pesticide concentrations were positive (Spearman corre-
lation coefficients, r>0.60) and statistically significant (p <0.05).
Correlation coefficient between beta-HCH and p,p’-DDE, which
were amongst the compounds showing the highest prevalence and
serum levels, was r=0.68 in males (p <0.001) and r=0.72 in females
(p<0.001).

Crude associations between beta-HCH and characteristics of
study population are shown in Supplemental Material (Tables
S2-S4). Beta-HCH was positively related with age and years liv-
ing in Cidade dos Meninos in men (Table S2) and women (Tables
S3 and S4), and with males’ BMI (Table S2). Among premenopausal
women, ex-smokers had higher concentrations of beta-HCH than
never smokers, whereas non-white peri-/postmenopausal women
had lower concentrations than white ones. Serum concentrations
of most of the remaining pesticides were associated with age,
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Table 2
Serum levels of testosterone (ng/dl) in men.
N Mean SD P25 P75 Range Below 262 ng/dI? Below Bhasin’s P25
All men 304 536 206 405 621 184-1600 14/304 (4.6%) -
Age (years)
15-19 36(11.8%) 552 177 457 669 225-1076 1/36 (2.7%) -
20-29 65(21.4%) 612 229 484 704 284-1600 0/65 <295=1/65 (1.5%)
30-39 60(19.7%) 526 194 413 615 221-1144 3/60 (5.0%) <265=3/60 (5.0%)
40-49 64(21.0%) 502 178 391 614 229-1248 3/64 (4.7%) <267 =4/64 (6.2%)
50-59 41(13.5%) 456 184 324 533 188-1054 3/41(7.3%) <238=3/41(7.3%)
60-69 22(7.2%) 543 220 417 640 184-1157 2/22(9.1%) <243=2(22(9.1%)
70-79 9(3.0%) 501 235 296 689 229-916 2/9(22.2%) <203=2/9 (22.2%)
>80 7(2.3%) 636 314 369 776 348-1226 0/7 <196=0/7

SD: standard deviation; P25, P75: 25th and 75th percentiles.
2 Laboratory reference for young men (<20 years).
b Value of the 2.5th percentile in a community-based sample of 3352 men older than 20 years (Bhasin et al., 2011).

Table 3
Serum levels of sex hormone in women.
Mean SD P25 P75 Range
Estradiol (pg/ml)
All women 138.8 370.8 20.0 88.7 20.0-2000°
Premenopausal 178.95 423.12 20.0 129.0 20.0-2000
Peri- and postmenopausal 22,95 9.11 20.0 20.0 20.0-69.1
Progesterone (ng/ml)
All women 3.52 7.55 0.20 1.51 0.20-40.00*
Premenopausal 4.65 8.47 0.22 6.36 0.20-40.00¢
Peri- and postmenopausal 0.24 0.09 0.20 0.26 0.20-0.75
Prolactin (ng/ml)
All women 14.41 24.21 4.55 12.95 0.50-150.0
Premenopausal 17.35 27.40 5.03 15.60 0.50-150.0
Peri- and postmenopausal 5.88' 3.89 3.71 6.88 1.00-26.90
Luteinizing hormone (LH) (mU/ml)
All women 13.52 15.35 2.62 20.20 0.10-81.40
Premenopausal 7.24 9.52 2.14 8.48 0.10-63.60"
Peri- and postmenopausal 31.70° 14.56 20.70 38.05 8.16-81.40
Follicle stimulating hormone (FSH) (mU/ml)
All women 26.89 37.86 3.24 43.72 0.10-170.0
Premenopausal 7.66 12.14 2.19 7.71 0.10-121.0°
Peri- and postmenopausal 82.59 31.31 56.95 100.0 32.30-170.0
P25, P75: 25th and 75th percentiles.
* p<0.001.
2 Including pregnant women.
b QOvulatory peak.
Table 4
Serum concentrations of OC pesticides (ng/ml).
Men (N=304) Premenopausal women (N=223) Peri-/postmenopausal women (N=77)
%>LD Median P25 P75 %>LD Median P25 P75 %>LD Median P25 P75
Alpha-HCH 95.5 2.52 0.97 0.65 95.1 2.77 1.00 6.09 94.8 243 1.14 6.08
Beta-HCH 99.8 6.00 2.08 15.4 97.1 6.32 245 14.43 98.7 11.72° 4.80 36.29
Gamma-HCH 96.0 0.95 0.44 2.21 91.9 0.89 0.36 2.28 96.1 1.07 0.57 2.04
HCB 88.0 0.33 0.14 0.63 94.2 0.36 0.14 0.61 974 042 0.24 0.78
Alpha-chlordane 73.8 0.23 <LD 0.51 73.5 0.25 <LD 0.59 779 0.30 0.11 0.62
Gamma-chlordane 66.3 0.16 <LD 0.44 67.7 0.16 <LD 0.38 66.7 0.16 <LD 0.41
Trans-nonachlor 82.5 0.32 0.16 0.77 825 0.36 0.19 0.76 88.3 0.44 0.24 0.82
Heptachlor 71.2 0.31 <LD 0.89 743 0.36 <LD 0.91 68.4 0.33 <LD 0.66
p.p’-DDE 99.1 8.32 2.86 219 97.8 7.95 2.96 21.81 98.7 20.64 6.21 65.60
o,p-DDT 58.0 0.30 <LD 0.89 64.6 0.44 <LD 1.06 63.6 0.38 <LD 1.23
p.p’-DDT 93.7 3.09 0.94 6.96 91.5 3.00 1.02 7.30 97.4 4.72° 1.24 10.67
p.p’-DDD 80.9 0.61 0.19 1.34 78.5 0.59 0.19 1.19 93.5 0.87 0.31 1.79
Endosulfan 1 63.0 0.22 <LD 0.46 60.5 0.22 <LD 0.42 70.1 0.23 <LD 0.51
Endosulfan 2 61.9 0.23 <LD 0.71 62.8 0.22 <LD 0.75 70.1 0.25 <LD 0.62
Aldrin 86.5 1.89 0.73 11.0 86.5 2.11 0.76 13.35 94.8 3.79 0.98 20.05
Endrin 874 0.63 0.24 1.48 87.9 0.59 0.27 1.57 87.0 0.54 0.23 1.38
Dieldrin 90.1 0.61 0.28 1.27 89.2 0.55 0.23 1.28 89.6 0.60 0.27 1.21
Mirex 68.3 047 <LD 0.97 70.0 0.39 <LD 1.04 779 0.48 0.21 0.95
Methoxychlor 325 <LD <LD 0.27 38.6 <LD <LD 0.31 51.9 <LD’ <LD 0.53

LD: limit of detection; P25, P75: 25th and 75th percentiles.
" p<0.05 for differences in means between premenopausal and peri-/postmenopausal women.
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Table 5
Adjusted regression coefficients (8) and 95% confidence intervals (CI) for the associa-
tion between OC pesticides and log-transformed testosterone concentrations (ng/dl)
in men.

OC pesticides (ng/ml) Testosterone?

B 95% Cl
Alpha-HCH —-0.002 -0.005, 0.00
Beta-HCH —-0.001 -0.002, 0.00
Gamma-HCH —0.009 —0.02, 0.001
HCB 0.00 —0.005, 0.004
Alpha-chlordane -0.02 —0.06, 0.02
Gamma-chlordane —0.02 —0.07,0.02
Trans-nonachlor -0.03 —-0.08, 0.02
Heptachlor -0.03 —0.04, —0.009
p.p’-DDE —-0.001 —0.002, 0.00
0,p’-DDT -0.02 —0.05, —-0.003
p.p’-DDT —-0.001 —0.005, 0.003
p,p’-DDD 0.004 -0.02,0.03
Endosulfan 1 -0.01 —0.07,0.04
Endosulfan 2 0.003 —-0.03,0.03
Aldrin 0.002 -0.001, 0.003
Endrin -0.01 —0.03, 0.007
Dieldrin -0.01 -0.03, 0.01
Mirex —-0.003 -0.03, 0.02
Methoxychlor” 0.03 —0.05,0.12

2 Each line represents one separate model, adjusted for age, ethnicity, years in
Cidade dos Meninos, BMI and smoking.

b Methoxychlor was treated as a dichotomous variable, categorized in levels
below and above the LD.

ethnicity and years living in the study area in both sexes (data not
shown).

In adjusted regression analysis, serum concentrations of OC
pesticides in men were associated with decreasing testosterone,
although associations were only statistically significantly for hep-
tachlor and o,p’-DDT, and were of borderline significant for
alpha-HCH, beta-HCH and p,p’-DDE (Table 5). In women, statisti-
cally significant associations between OC pesticide concentrations
and sex hormones were not observed among premenopausal
ones (Table 6). In contrast, peri-/postmenopausal women showed
negative associations between OC pesticides and levels of
gonadotropins, which were particularly consistent for LH (Table 7).
Thus, statistically significant associations were found between
decreased LH and concentrations of HCB, p,p’-DDT, p,p’-DDD, endo-
sulfan 1 and 2, aldrin and mirex, and between decreased FSH and
p,p’-DDD, endosulfan 1 and aldrin. In addition, estradiol was posi-
tively associated with aldrin in peri-/postmenopausal women, as
well as borderline associations were observed between LH and
beta-HCH, p,p’-DDE and o,p’-DDT, and between FSH and p,p’-DDT
in these women.

A decrease in testosterone levels across beta-HCH quartiles (p-
trend <0.001) and p,p’-DDE (p-trend =0.02) was observed (Fig. 1).
Decreasing LH levels were also observed across quartiles of beta-
HCH (p=0.008) and p,p’-DDE (p<0.001). Changes in levels of the
remaining sex hormones in women associated with beta-HCH and
p.p’-DDE exposure groups were not statistically significant.

Results from multivariate analysis stratifying by window of
exposure (using the same potential confounders but “years of
residence”), were not substantially different (data not shown).
Thus, association between heptachlor and lower testosterone
was only seen in the group of men that moved to the study
area at age 1-14 years (regression coefficient, beta=—0.03; 95%
confidence interval=-0.06, —0.01), while the association with
o,p’-DDT did not remain in the stratified analysis. Instead, methoxy-
chlor was associated with lower testosterone in men that were
born in Cidade dos Meninos (beta=-0.18; 95% Cl=-0.34, —0.02).
Among premenopausal women, those moving to the study area
at age 15 years or after (N=89) showed significant associa-
tions between trans-nonachor and reductions in LH (beta=—0.38;

95% Cl=-0.41, —0.02) and estradiol (beta=-0.38, 95% Cl=-0.39,
—0.22), and between heptachlor and lower estradiol (beta=—0.16,
95% Cl=-0.24, —0.11). Regarding peri-/postmenopausal women,
only 9 and 7 females, respectively, were born or moved to the study
area during childhood, and thus, adjusted regression coefficients
were only obtained for those moving to the study area during adult-
hood. Associations seen in the latter group of women were similar
to those observed in the non-stratified analysis, except for the asso-
ciation between LH and HCB, which was not observed here.

Discussion

The sex hormone profile of this adult population residing in an
area with a history of heavy OC pesticide contamination was, in
general, consistent with physiological concepts. In men, it is widely
known that increasing age is associated with a progressive decline
in testosterone levels (Allan and McLachlan, 2004). Such a decrease
with age leads to a significant increase in the prevalence of male
hypogonadism from 60 years old on (Harman et al., 2001). Preva-
lence of testosterone levels below normal values in men in Cidade
dos Meninos in creased from 30 years old on, in accordance with
the literature (Bhasin et al., 2011). The findings of higher levels
of testosterone observed in the oldest men in the present study
may reflect the higher survival of men with higher testosterone,
which is in agreement with studies showing that testosterone lev-
els are inversely related to all causes of mortality during male aging
(Haring et al., 2010). Obesity has also been shown to be associ-
ated with lower testosterone levels in men (Dhindsa et al., 2010),
which is consistent with our finding of an inverse association with
between testosterone and BMI. Regarding females, our findings
are in accordance with the pronounced decrease in estradiol and
progesterone and the increase in the pituitary gonadotropins LH
and FSH commonly observed after menopause (Messinis, 2006;
Touitou, 1995). Likewise, prolactin levels are usually lower after
menopause than in reproductive years, as observed here.

However, prevalence of hyperprolactinemia in women in this
study was higher than that reported elsewhere (Biller et al.,
1999). Hyperprolactinemia causes menstrual disorders, anovula-
tion, and female infertility, and known pathological causes of excess
prolactin include the use of prolactin-increasing drugs, macropro-
lactinemia, hypothyroidism, renal failure and pituitary adenomas
(Melmedetal., 2011; Vanderpump et al., 1998).Itis also well known
that estrogens stimulate pituitary prolactin release, which could
explain our finding of higher hyperprolactinemia in older women
who may have accumulated OC compounds with estrogenic activ-
ity. Nonetheless, levels of OC pesticides in those older women with
high prolactin were not significantly higher than levels observed in
the younger hyperprolactinemic women (data not shown).

Inverse associations were observed between testosterone
levels and OC pesticide serum concentrations in men, while
peri-/postmenopausal but not premenopausal women showed
associations between OC pesticides and decreased levels of
gonadotropins, particularly LH. These findings were observed after
adjustment for potential confounders, suggesting that the potential
effect of these compounds on sex hormones may be independent
of the natural hormone decline with age and BMI. In addition, the
effect of OC pesticides on sex hormone levels did not seem to
depend on the window time of exposure, although women that
moved to the study area after childhood seem to be more suscep-
tible.

Previous studies examining the potential effect of OC pesticides
on male total testosterone levels have reported, in general, none or
inverse associations between exposure and hormone levels. Serum
concentrations of p,p’-DDE were associated with lower testos-
terone in Mexican flower growers (Blanco-Mufioz et al., 2012), and
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Adjusted regression coefficients () and 95% confidence intervals (CI) for the association between OC pesticides and log-transformed concentrations of sex hormones in
premenopausal women (N=210).?2

OC pesticides (ng/ml)  Estradiol (pg/ml)® Progesterone (ng/ml)° Prolactin (ng/ml)° LH (mU/ml) FSH (mU/ml)°

B 95% CI B 95% CI B 95% Cl B 95% Cl B 95% Cl
Alpha-HCH -0.002 -0.02,0.01 0.00 -0.03,0.03 0.003  -0.01,0.02 -0.01 -0.03, 0.007 -0.01 -0.03, 0.004
Beta-HCH -0.003 -0.01,0.004 0.00 -0.01, 0.01 0.00 —0.006, 0.006 -0.005 -0.01,0.003 0.00 —0.008, 0.008
Gamma-HCH —-0.02 —0.08, 0.04 0.00 —-0.10,0.10 —0.006  -0.06, 0.05 —-0.03 -0.10,0.03 —-0.03 -0.10,0.03
HCB -0.04 —0.14, 0.06 0.005 -0.15,0.16 —0.06 —-0.14,0.03 —0.06 -0.17,0.05 —-0.03 -0.13,0.08
Alpha-chlordane 0.01 -0.19,0.21 0.10 -0.21,041 0.11 -0.06, 0.28 -0.18 -0.40,0.03 -0.10 -0.31,0.11
Gamma-chlordane -0.10 —0.45,0.25 -0.19 —0.74, 0.36 -0.11 —-0.41,0.18 -0.28 -0.66, 0.10 -0.25 -0.62,0.12
Trans-nonachlor -0.15 —-0.38,0.07 —0.02 -0.37,0.36 -0.04 -0.24,0.15 -0.14 -0.39,0.11 0.04 -0.20,0.28
Heptachlor -0.02 -0.09, 0.05 -0.06 -0.17,0.05 0.004 -0.06,0.06 -0.03 -0.11,0.05 0.00 -0.07,0.08
p.p’-DDE -0.004 -0.009, 0.002 -0.007 -0.02,0.002 0.00 —0.006, 0.004 —-0.003  -0.01,0.003 0.00 —0.006, 0.006
o,p’-DDT —-0.08 —-0.20, 0.05 —-0.16 —0.35,0.04 —0.04 -0.15, 0.07 -0.10 —0.24,0.03 —0.04 —-0.18,0.09
p.p’-DDT -0.01 —-0.03, 0.006 —-0.02 -0.05, 0.006 0.004 -0.01,0.02 -0.01 -0.03, 0.008 0.004 -0.02,0.02
p.p’-DDD 0.009 -0.09,0.11 -0.02 -0.18,0.13 0.04 —-0.04,0.12 —-0.05 -0.16, 0.06 -0.005 -0.11,0.10
Endosulfan 1 0.04 —-0.27,0.34 -0.009 -0.48,0.47 0.07 —-0.18,0.33 -0.15 —0.48,0.18 -0.20 -0.52,0.12
Endosulfan 2 0.08 —-0.06, 0.23 0.13 -0.10,0.36 0.10 -0.02,0.22 —-0.07 -0.23,0.09 -0.10 —-0.26, 0.06
Aldrin —-0.001  -0.006, 0.004 0.00 -0.07,0.07 0.004 0.00, 0.008 0.00 —0.006, 0.005 0.00 —0.005, 0.005
Endrin 0.007  -0.08,0.09 -0.05 —-0.19, 0.08 0.00 -0.07,0.07 —0.04 —-0.13,0.06 —-0.04 —-0.13,0.06
Dieldrin 0.03 —-0.08,0.14 0.005 -0.17,0.18 0.04 -0.05,0.13 —-0.07 -0.19,0.05 —-0.08 -0.19,0.04
Mirex -0.02 -0.07,0.03 -0.01 -0.10, 0.07 -0.01 -0.06, 0.04 0.02 —-0.04, 0.09 0.06 0.00,0.12
Methoxychlor? 0.25 —-0.06, 0.57 0.24 -0.25,0.73 0.25 -0.02,0.52 0.14 -0.22,0.49 —-0.02 -0.36,0.33

2 Women with a hormone profile compatible with pregnancy or use of oral contraceptives were excluded from regression analyses.
b Each line represents one separate model, adjusted for age, ethnicity, years in Cidade dos Meninos, smoking, cholesterol and triglycerides serum content.
¢ Additionally adjusted for parity (progesterone), menarche age (prolactin), parity and alcohol consumption (LH) or BMI (FSH).

d Methoxychlor was treated as a dichotomous variable, categorized in levels below and above the LD.

Table 7

Adjusted regression coefficients () and 95% confidence intervals (CI) for the association between OC pesticides and log-transformed concentrations of sex hormones in peri-
and postmenopausal women (N=77).

OC pesticides (ng/ml)  Estradiol (pg/ml)? Progesterone (ng/ml)* Prolactin (ng/ml)* LH (mU/ml)" FSH (mU/ml)"

B 95% Cl 8 95% Cl B 95% Cl B 95% Cl 8 95% Cl
Alpha-HCH 0.002 —0.005, 0.01 0.002 -0.006, 0.009 0.002 -0.01,0.02 —0.007 —0.02,0.005 —0.003 —0.01, 0.007
Beta-HCH 0.001 0.00, 0.002 0.00 —0.002, 0.001 —0.002 —0.006, 0.001 —0.003  -0.006, 0.00 —0.002 —0.004, 0.001
Gamma-HCH 0.008 —0.02,0.04 0.007 -0.02,0.04 —-0.005 -0.06, 0.05 —0.03 —0.07, 0.02 —0.02 —0.06, 0.02
HCB 0.06 —0.003, 0.13 0.06 —0.006, 0.13 -0.07 —0.22,0.07 -0.13 —0.24, —0.02 —0.08 -0.17,0.02
Alpha-chlordane —0.02 —0.12, 0.09 —0.02 —0.13, 0.08 0.01 —0.21,0.24 —-0.12 —0.30, 0.05 -0.07 —0.22: 0.08
Gamma-chlordane 0.01 —0.13,0.15 0.02 -0.12,0.16 —0.04 —0.33,0.25 -0.20 —0.42, 0.02 -0.11 —0.29, 0.08
Trans-nonachlor 0.10 —0.04, 0.25 0.01 —-0.14,0.16 -0.10 —0.41,0.21 -0.17 -0.41, 0.07 -0.09 -0.29,0.11
Heptachlor —0.01 —0.08, 0.06 —0.003 —-0.07,0.07 —-0.009 -0.15,0.13 -0.10 —0.21,0.01 —0.05 —0.14, 0.04
p.p’-DDE 0.00 0.00, 0.001 0.00 0.00, 0.001 0.00 —0.002, 0.001 —0.001 —0.002, 0.00 0.00 —0.001, 0.001
o,p’-DDT -0.02 —-0.06, 0.03 0.003 —0.04, 0.05 -0.003 -0.10,0.09 —0.07 —0.15, 0.00 —0.04 —0.10, 0.02
p,p’-DDT 0.002  —0.003, 0.006 0.001 —0.003, 0.006 —-0.002 -0.01,0.007 —0.01 —0.02, —0.003 —-0.006 —0.01,0.00
p.,p’-DDD 0.03 —0.01, 0.08 —-0.004 -0.05,0.04 0.02 —0.07,0.12 -0.09 -0.17,-0.02 —0.09 —-0.15, -0.03
Endosulfan 1 0.005 -0.13,0.14 0.007 -0.13,0.14 0.03 —0.25,0.32 -0.24 —0.46, —0.03 -0.23 —0.41, -0.05
Endosulfan 2 0.02 —0.05, 0.09 0.006 -0.06,0.08 0.04 -0.11,0.19 -0.14 —0.25, -0.03 —0.08 -0.17,0.01
Aldrin 0.006 0.001, 0.01 0.003 —0.002, 0.007 —-0.002 -0.01,0.008 —0.01 —0.02, —0.003 -0.007 -0.01, -0.001
Endrin 0.008 -0.05,0.07 0.007 -0.05,0.07 0.02 —0.10,0.14 -0.09 —0.19, 0.01 —0.05 —0.13,0.03
Dieldrin 0.01 —-0.05, 0.07 0.01 —-0.05, 0.07 —0.006 -0.14,0.13 -0.07 —-0.18, 0.03 —-0.06 —-0.15, 0.03
Mirex 0.01 —0.02, 0.05 0.01 —0.02, 0.04 0.001 —0.07,0.07 —0.07 —0.12, -0.02 —0.04 —0.08, 0.006
Methoxychlor® 0.12 —0.004, 0.24 0.06 —-0.07,0.19 —0.06 —0.33,0.20 0.05 —0.16, 0.26 —0.03 —0.06, 0.01

2 Each line represents one separate model, adjusted for age, ethnicity, years in Cidade dos Meninos, smoking, cholesterol and triglycerides serum content.

b Additionally adjusted for BMI and breastfeeding.

¢ Methoxychlor was treated as a dichotomous variable, categorized in levels below and above the LD.

in adult Thai men (Asawasinsopon et al., 2006). A negative correla-
tion between p,p’-DDE and the bioavailable/total testosterone ratio
was found in young Mexican men (Ayotte et al., 2001). For their
part, Martin et al. (2002) found a decrease in testosterone levels
and in the free androgen index in male African-American farmers
with the highest p,p’-DDE serum levels, compared to males with
the lowest exposure levels. Null associations between testosterone
and p,p’-DDE, p,p’-DDT, HCB or mirex were reported in other stud-
ies among adult populations in Europe and North America (Cocco
et al., 2004; Ferguson et al., 2012; Goncharov et al., 2009; Hagmar
etal., 2001). A unique positive relationship was observed between
testosterone and DDT compounds in South-African malaria vector-
control workers (Dalvie et al., 2004).

Differences in results across studies in men could be due to a
difference in exposure levels, as those observed in population in
Cidade dos Meninos are quite higher than most previous studies
(Asawasinsopon et al., 2006; Ferguson et al.,2012; Goncharov etal.,
2009). Our results seem to be in accordance with previous find-
ings of inverse relationships, although few associations between OC
pesticides and testosterone were statistically significant. Such an
hormone-lowering effect, although subtle, should be considered as
relevant since decreased concentrations of circulating testosterone
canresultin adverse health effects, including infertility (Small et al.,
2007), bone density loss (Schow et al., 1997), obesity (Kenny et al.,
2001), depression (Barrett-Connor et al., 1999), increased risk of
metabolic syndrome (Wang et al., 2011), heart attack (Zhao and
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Fig. 1. Adjusted regression coefficients (dots) and 95% confidence intervals for changes in log-transformed testosterone levels (ng/dl) in men (panel A) and LH levels (mU/ml)
in women (panel B) associated with quartiles of serum concentrations (ng/ml) of beta-HCH and p,p’-DDE.

Li, 1998) and elevated risk for Alzheimer’s disease (Moffat et al.,
2004). Evidence of effects different from androgen antagonism was
not observed in men in the present study. For instance, experimen-
tal studies have reported that HCB has mixed agonist/antagonist
androgenic actions (Ralph et al., 2003), while alpha-HCH, endosul-
fan, dieldrin, and lindane have shown estrogen-like effects (Briz
etal.,, 2011; Pavlikova et al., 2012). However, because of colinearity
among OC pesticides, it would be difficult to assess their possible
independent effects with certainty.

In female population, one study showed inverse associations
between DDT and urinary metabolites of estrogens during the peri-
ovulatory phase and with urine pregnanediol-3-glucuronide (the
major metabolite of progesterone) during the luteal phase of the
menstrual cycle among 287 Chinese women (Perry et al., 2006).
Accordingly, a previous study of Southeast Asian immigrants in
California found a significant decrease in progesterone (but not in
estrogen) metabolite levels during the luteal phase with increas-
ing p,p’-DDE serum levels (Windham et al., 2005). Another study in
pregnant found a significant correlation between increasing DDT
and HCH serum concentrations and lower LH (Liu et al., 2005).
We did not find any significant reduction in estradiol or proges-
terone levels associated with OC pesticides, but did find significant
associations with decreased LH and, to a lesser extent, FSH in peri-
/postmenopause. Both LH and FSH are suppressed by endogenous
or exogenous estrogens, giving support to the plausibility of the
causal relation between OC pesticide exposure and decreased LH
and FSH. In fact, it has been suggested that gonadotropins hor-
mone receptors present steroidal-like binding sites (Rossi et al.,

2009). In our study, LH and FSH decreases were significant in peri-
/postmenopause, which may be explained by the fact that levels
of endogenous estrogens are lower after menopause, thus mak-
ing estrogen-binding sites more available to exogenous agonist
estrogens in the menopause or the postmenopause than in non
menopausal women. In addition, LH and FSH levels are elevated
after the menopause, making any reduction in levels of these hor-
mones more likely to be detected.

The present study has several limitations. First, only one blood
collection was performed. However, several studies have shown
that for most reproductive hormone measurements there is little
temporal variability (Bjornerem et al., 2006). On the other hand,
because OC serum levels reflect stored concentrations in body tis-
sues, individual levels of OC pesticides in serum are unlikely to vary
greatly over time. Second, blood samples were not dated accord-
ing to each woman’s menstrual cycle day. However, there is no
reason to think that distribution of exposure levels has been dif-
ferent among women in different phases of the menstrual cycle
and that the effects have been misestimated. Third, information
on hormonal contraception, replacement therapy (HRT) or use of
medication that could interfere with hormone levels was not avail-
able in the study population, preventing us to better understand
the sex hormone profile of the study participants. For instance, ele-
vated prolactin can be present in women using certain drugs, while
menopausal women under HRT could present elevated estradiol,
prolactin or progesterone levels. Fourth, information on repro-
ductive hormones other than testosterone, such as sex-hormone
binding globulin (SHBG) and estradiol, was not obtained for men
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since knowledge about the potential impact of OC compounds on
other male reproductive hormones was poor at the time of data
collection. Indeed, information on other sex hormones would have
provided further hints about the interaction of OC pesticides with
the hypothalamic-pituitary-testicular axis and about the interfer-
ence with testosterone metabolism and activity. Also, testosterone
levels were not available for women, but commercially available
testosterone kits are not sensitive enough for low values.

Conversely, this study presents some strengths. No previous
study in Latin America analyzed the relationship between human
exposure to endocrine-disrupting OC pesticides and sex hormones.
It is also the first epidemiological investigation, to our best knowl-
edge, exploring the potential impact of certain OC pesticides such as
trans-nonachlor, chlordane, endosulfan or methoxychlor, on repro-
ductive hormone levels. The large sample size (304 men and 300
women), the relatively homogeneous study population, as well as
the possibility of evaluating the differential effect according to tem-
poral windows of exposure, represent additional strengths of our
study.

Conclusion

Serum concentrations of beta-HCH and p,p’-DDE were associ-
ated with decreased levels of testosterone in men and LH and FSH
in peri- and postmenopausal women. These finding seem to sup-
port the known capacity of OC pesticides to exert estrogenic and
anti-androgenic activity, affecting sex hormone systems through
mechanisms of action that may be different for each individual
compound.
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