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Summary A previously presented study investigated
the impact of recent pesticide exposure on cytological
signs of genotoxicity and on symptoms of intoxication
in 71 male coffee workers in the Dominican Repub-
lic. An unexpected finding of this study was that con-
ventional farming workers, among other symptoms,
reported fewer children than controls working in or-
ganic farms without pesticide use. This study set out
to investigate possible reasons for the latter difference.
One statistical problem of this analysis is that the age
of the workers is a strong predictor for the number
of children and available data on the exposure deter-
minants “duration of pesticide exposure” as well as
“age at first pesticide exposure” are correlated with
age. To correctly control statistics for these confound-
ing parameters, different approaches to best control
for age were explored. After careful elimination of the
age-related confounding factors, a reduced number of
children was still observed in exposed workers. The
clearest effect is seen in those workers that reported
first exposure before the age of 20 years. Socioeco-
nomic factors could still confound that finding, but
a direct effect of early life pesticide exposure is the
most likely explanation of the observation.
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Introduction

Male fertility globally is observed to decline [1–3]. This
is also reflected in the new World Health Organization
(WHO) reference values for human semen character-
istics that are lower than previous ones [4]. Lifestyle
and environmental factors have been proposed as
causal factors, among these especially chemicals dis-
rupting endocrine function. Some pesticides and
especially several of the old organochlorine pesticides
are suspected to have endocrine disruptive proper-
ties and so a connection has been proposed between
pesticide use and male fertility problems [5–7].

In a previous report first results were presented
[8–10] of the cross-sectional study in coffee plan-
tation workers in the Dominican Republic (D.R.).
In the study 38 workers in conventional agriculture
with heavy exposure to pesticides were compared to
33 workers in organic farming with no pesticide use
for at least 5 years. Although a low-level pesticide ex-
posure, for example by wind drift or by contact with
contaminated goods is also likely to affect organic
farm workers, the frequency and quantity of intake
are expected to be significantly higher in conventional
farming. The conventional farming workers are there-
fore referred to as “professionally exposed group” and
the farmworkers of organic farms as “professionally
non-exposed”.

In addition to buccal cell sampling to determine in-
dicators of genotoxicity, in a short questionnaire work-
ers were also asked about symptoms commonly asso-
ciated with pesticide poisoning, about demographics
and indicators of socioeconomic status, and possible
confounding factors. This survey indicated a clear
difference in age and number of children between
organic and conventional farmworkers (see Results
section). As both parameters are potentially linked
to pesticide exposure, which could indicate serious
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health-related implications, this was investigated in
more detail.

It was concluded that the difference in age could
be an interesting starting point for further considera-
tions and a more detailed analysis. Several hypotheses
are conceivable: workers in organic farming are ex-
pected to be, on average, older than their counterparts
in conventional farming with professional pesticide
exposure: (a) organic farming must rely on targeted
biological pest control measures that call for more
experienced (and therefore generally older) workers.
(b) Organic farming is also often linked to fair-trade
schemes and thus might offer better social and occu-
pational conditions. Because the first wave of workers
sought better paid jobs at organic farming, the fol-
lowing generation of workers was limited to applying
for jobs in conventional farming with pesticide usage.
(c) Exposure to pesticides leads to a range of health-
related symptoms [9]. To avoid these detrimental ef-
fects, workers might tend to switch to organic farm-
ing jobs whenever they have the opportunity, caus-
ing a thinning out of the older ones in the exposed
sector (“healthy worker” effect) [11, 12]. (d) Pesticide
workers have a shorter life expectancy due to chronic
intoxication.

The number of children was one of several param-
eters in questions on social status and housing con-
ditions. In a previous paper the differences between
the groups were described, but not further investi-
gated. This article provides a more detailed analysis
to clarify the difference in the number of children af-
ter adjustment for age. Indeed, some pesticides have
been implicated in endocrine disturbances [15], dis-
turbances of reproduction [16–18] and adverse effects
on the male reproductive system [19–26], but com-
parative epidemiologic studies in pesticide exposed
tropical farmworkers are sparse. Thus, the apparent
differences between organic and conventional farm-
workers were investigated in detail.

Material and methods

Recruitment

Recruitment of workers turned out to be difficult un-
der field conditions in the poorly developed study
area. To maximize the number of potential partic-
ipants, a snowball recruitment scheme was applied.
Although this recruitment strategy was found to be
feasible, it came with the disadvantage of impossi-
bility for matching ages among participants. Organic
and conventional group showed a difference in mean
age. As the exact reason why the two groups differed
in average age was not known this finding was taken
as a given fact and treated as a confounder of the “pes-
ticide-child number issue”. It is evident that with in-
creasing age a man will be able to sire more children.
So clearly age is a strong predictor of the number of

children. But is the observed difference in the number
of children totally explained by the age difference?

Statistical considerations

In a simple Poisson regression on number of children
depending on group and age as a linear variable, the
latter has a clear effect with an additional 0.3 chil-
dren per decade (p<0.001). Even after controlling for
age, the exposed group has 0.06 less children but the
remaining difference is far from significant. This sim-
plistic approach has two main problems: (a) age is not
really linearly associated with number of children but
there is an age threshold before men start to sire chil-
dren and there is likely an age above which no more
children are sired. (b) Exposed versus non-exposed
was primarily selected on recent exposure; however,
reproductive history is, if at all, affected by exposure
before conception and therefore by exposures in the
past. These two problems were tackled through the
following approaches: (a) the shape of the age-child
number association was first studied using a spline
function (several options for degrees of freedom were
applied) in a general additive model (GAM, family:
Poisson). On visual inspection of the curves a sim-
pler numerical formula was built (e.g. quadratic term
or segmented regression) to mimic the form of the
spline. Thereby, the model enabled a better repre-
sentation of the effect of age but could still easily be
interpreted numerically and enhanced by interaction
terms. (b) Besides the binary variable of “current ex-
posure yes/no” more detailed data on current expo-
sure (days since last application of pesticides, num-
ber of days when pesticides were applied in the last
month) were available but deemed irrelevant for past
or chronic exposure. For chronic exposure the “num-
ber of years in a job with pesticide use” seemed more
promising. Exposed workers were asked: “how many
years have you been using pesticides?”, while non-
exposed workers were asked if they had ever used
pesticides for farming. If the answer was affirmative,
they were also asked during which years that had hap-
pened. Not surprisingly pesticide-years and age were
highly correlated rendering models with both factors
unstable. Thus “age minus pesticide years” was con-
structed as a proxy for age at exposure onset because
early life exposure, possibly even before reproductive
age, was considered most relevant for lifetime repro-
ductive history. For the workers currently not exposed
to pesticides but with an exposure history in earlier
years their age at exposure onset was extracted from
the questionnaires. For the other non-exposed work-
ers the onset age was set equal to their current age.
Alternatively “age at onset” was set to an arbitrary con-
stant age in the never exposed group. A priori 90 years
was chosen as an age that none of the participants
had yet reached. Later on, after studying the upper
age threshold of siring children, also that threshold
level of 65 years was investigated: because exposure
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at a very early age was considered detrimental to fa-
thering children, age at onset was also divided into 10-
year intervals with the earliest interval ranging from
6 to 15 years. These exposure groups were compared
to the group with either no exposure or exposure af-
ter the age of 65 years only. In addition, the number
of exposure years before the age of 65 years was also
examined. Among the controls, only 4 (out of 33) re-
ported use of pesticides ever. Hence calculated age
at exposure onset for most of the controls equalled
current age (or the fixed age that was set at 90 or 65
years). Thus, among controls, age at calculated expo-
sure onset could have no impact on number of chil-
dren at all, while age at exposure onset in exposed
workers could have. Therefore, it was expected that
the age variable would have an effect on the number
of children in the whole group, while for the exposure
variable the effect would be restricted to the exposed
workers only. This was expressed as a Poisson model
with an interaction term between group and age at
exposure onset and controlling for current age using
the best fitting shape of the association. For one pesti-
cide exposed worker information on age was missing.
For this worker age was substituted by the average age
of all other pesticide exposed workers. In sensitivity
analyses this participant as well as the four controls
with reported past exposure were dropped.

Finally, analyses were restricted to the exposed
workers only: either to all 38 workers currently ex-
posed and the 4 exposed historically, or only the 38
currently exposed workers. Age at onset of exposure,
number of exposure years before age of 65 years or
age group at onset of exposure were chosen one by

Fig. 1 Histograms (per
exposure group) display-
ing the age distribution in
exposed and non-exposed
participants

one as the independent variable affecting number of
children in a Poisson regression. An unadjustedmodel
and a model adjusted for age were compared. All cal-
culations were done with STATA 13.1 SE (StataCorp,
College Station, TX, USA).

Results

Professionally pesticide exposed and non-exposed
workers differed in 3 aspects: (i) body weight in con-
trols was somewhat higher (mean± SE: 71.8± 2.1kg)
than in exposed workers (69.1± 1.2kg; p=0.037), (ii)
non-exposed participants were older (48.5± 3.6 years
versus 34.6± 2.3 years; p= 0.002), and (iii) controls had
more children (3.0± 0.5, range 0–11 versus 1.6± 0.4,
range 0–7; p= 0.024). The age distribution per group
is shown in Fig. 1. Among the organic farming group
the age between 20 and 80 years is much more evenly
distributed while among the conventional workers
young men dominate.

The number of pesticide years and age at onset
of exposure are plotted each against age stratified by
group (Fig. 2a, b). Years of education did not differ
between groups and was not significantly associated
with age or with number of children and thus was not
investigated further.

In the GAM of the total sample (71 participants) age
displayed an association with number of children that
resembled a quadratic function (Fig. 3).

Thus, a quadratic term was built with age squared
centered on the maximum of that curve: age squared=
(age-65)2. Therefore, the linear term of age no longer
determined the number of children (p=0.956). The
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quadratic term was entered into a Poisson regression
together with an interaction term between group and
age at onset of exposure. A decrease in the number of
children above a certain age could be due to a birth
cohort effect when the oldest birth cohort experienced
socioeconomic or cultural conditions that did not en-
able them to reap their total fathering potential in ear-
lier years. Nevertheless, an increase in the number of
children with increasing age until an upper threshold
is reached and after that a constant number of chil-

Fig. 2 Scatter plots (per
exposure group) between
age (x-axis) and a age at
exposure onset or b num-
ber of exposure years

a

b

dren seems to be biologically more plausible. There-
fore, as an alternative to the quadratic term, a broken
stick function [27] was built where the cut-off point
was determined using the “nl command” in STATA:

nl(children= {a}∗ Age∗ (Age < {b})+ {a}∗ {b}

∗(Age >= {b})+ {c}),

where {a} is the slope of the linear regression line be-
low the cut-off, {b} is the cut-off point, and {c} is a con-
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Fig. 3 Nonlinear associa-
tion between age and num-
ber of children. Spline func-
tion with 3 degrees of free-
dom

stant. In that calculation {b} was estimated as 65.87
years (p<0.001). Consequently 65 years was assumed
to be a likely limit for reproduction and a new vari-
able “age until 65 years” was created that equals “age”
until 65 years and is 66 when age >65 years. A simple
Poisson regression calculating the effect of age until
65 years on the number of children performed nearly
equally well (pseudo-R2= 0.263) as the one using age
squared (pseudo-R2= 0.292). Therefore, the broken
stick model was also augmented by the interaction
term between group and age at onset.

In the primary model including age squared and
the interaction term between group and age at on-
set, the exposed group had significantly less children

Table 1 Results of Pois-
son regression—dependent
variable: number of children

Independent variable Coefficient 5th–95th Confidence interval p-value

Age squared –0.00122 –0.00157 –0.00086 <0.001

Group –0.92868 –1.83217 –0.02519 0.044

Age at onset –0.00323 –0.01478 0.00832 0.584

Age at onset× group 0.03102 –0.000063 0.06210 0.050

Constant 1.90522 1.18393 2.62651 <0.001

Italics denote significant effects p≤ 0.05

Table 2 Poisson regres-
sion as in Table 1, but with-
out the 4 control workers
with past exposure history

Independent variable Coefficient 5th–95th Confidence interval p-value

Age squared –0.00129 –0.0017 –0.00089 <0.001

Group –1.2761 –2.30488 –0.24733 0.015

Age at onset –0.00989 –0.02549 0.00572 0.214

Age at onset× group 0.03578 0.0043 0.06726 0.026

Constant 2.33302 1.32469 3.34136 <0.001

Italics denote significant effects p≤ 0.05

(–0.93, p=0.044). Age at onset had no significant effect
on number of children in the whole group (p= 0.584),
but it displayed a significant interaction (p=0.05) with
group: in the exposed group each year of earlier ex-
posure reduced the number of children by 0.03 com-
pared to the control group (Table 1). Dropping the
single exposed worker with missing information on
age did not change the estimates (data not shown)
but dropping the 4 control workers with past exposure
tended to strengthen the findings (Table 2). When us-
ing age until 65 years instead of age squared the results
were very similar (data not shown).

When setting the age at exposure onset for the
never exposed workers to 90 years instead to current
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Table 3 Effect estimates
of “age at onset” in the ex-
posed only group by adjust-
ment

Adjustment factor Coefficient 5th–95th Confidence interval p-value

None 0.07929 0.02426 0.04864 <0.001

Age squared 0.00957 –0.00488 0.02402 0.194

Age until 65 years 0.00002 –0.01569 0.01574 0.998

Italics denote significant effects p≤ 0.05

Fig. 4 Nonlinear associa-
tion between age at first ex-
posure and number of chil-
dren. Spline function with
3 degrees of freedom con-
trolled for current age. For
those never exposed or ex-
posed only after an age of
65 years the age at first ex-
posure was set to 65 years

age an interaction term no longer was reasonable be-
cause age at onset was practically a constant in one
group. Therefore, a Poisson regression was run with
age squared and age at exposure onset. In that model
the number of children increased with increasing age
at exposure onset (0.03 children per decade); however,
this effect did not reach significance (p=0.15). In the
professionally exposed only group age at onset was
a significant predictor of the number of children but
this finding was no longer significant in the adjusted
models (Table 3). Likewise, number of exposure years
before the year 65 reduced the number of children
(0.06 children per 10 years) but the effect was not sig-
nificant after controlling for age squared (p=0.285).

In total 21 participants reported first exposure
between 6 and 15 years of age. On the other side
30 participants reported exposure either never or
only after the age of 65 years. Even after controlling
for age squared in Poisson regression those with early
exposure had 0.66 children less (p=0.02) than the
late or never exposed ones. In all the other expo-
sure groups the number of children did not differ
significantly from that in the comparison group (p for
trend= 0.102). In a GAM the effect of age and of age at
first exposure were both modeled as a spline function
(3 degrees of freedom) and the spline for age at first

exposure clearly indicated fewer children only when
exposure was before an age of around 20 years (Fig. 4).
Using the nl command the cut-off point between the
rising and the horizontal line was estimated as 22.6
years (p<0.001).

Discussion

In previous papers [8–10] increased frequencies of cel-
lular abnormalities were demonstrated and symptoms
of intoxication with recent exposure to pesticides were
reported; however, a reduced number of children was
observed in conventional farmworkers that could not
be explained by recent exposures. In this study the
aim was to investigate better ways to describe pesti-
cide exposure that might be relevant for that endpoint.
By repeatedly causing symptoms of intoxication [9]
ongoing pesticide exposure could interfere with sex-
ual behavior and thus reduce the number of children
with increasing duration of exposure. Through en-
docrine disrupting effects that are likely most effec-
tive during earlier developmental stages, e.g. before
or during puberty [28], a one-time or short-time ex-
posure could have a lasting effect on male fertility. In
the former case number of years of exposure would
be the exposure metric of choice, in the latter case it
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would be age at first exposure, possibly in relation to
puberty. Unfortunately, age is per se a strong predic-
tor of the number of children as well as a predictor of
life-long duration of exposure. Controlling correctly
for such a strong confounder, especially in the face of
a small sample size, is remarkably challenging. This
paper also explores ways to solve this problem. Over-
all the findings indicate that pesticide exposure before
the age of about 20 years is an independent predictor
of fewer children. This is in accordance with previous
experimental [18, 22] and epidemiological [13–17, 19,
29] evidence, even though rats might be even more
sensitive than humans [30]. The study did not collect
data on types of pesticides used by the participants
possibly decades ago. Even pesticides currently in use
were so diverse [10] that analysis per type of pesticide
was not possible; however, a rough and qualitative list
of pesticides without claim for completeness is given:
paraquat, glyphosate, pyrethroids, dithiocarbamates,
malathion, methamidophos, carbamates, 2,4-D. For
more details refer to the previous study [10]. The
study cannot point out a single causal agent, which
is a clear limitation. Exposure to pesticides early in
life could even be a proxy for e.g. childhood labor
and hence for poor socioeconomic conditions; how-
ever, better socioeconomic conditions are generally
linked to fewer children [31, 32] but at least in re-
ports from Italian agricultural groups an inverse asso-
ciation was noted [33]. In the present data set, highest
completed education is the only reliable marker of so-
cioeconomic status. Age is negatively correlated with
education (R= –0.4): the only person with a tertiary/
university degree was 32 years old. This is also the av-
erage age of 18 participants with a secondary school
(range: 15–82 years). The same range, but with an
average age of 42 years, was found in the 44 persons
with compulsory school only. The 8 persons with no
schooling at all were on average 49 years old (range:
33–86 years). This is likely due to a birth cohort ef-
fect: those born earlier lived in an era when access to
schools was less widespread. Although controls were
on average older than pesticide exposed workers the
education of the two groups did not significantly dif-
fer. Among all participants the number of children
decreased by 0.3 for each additional step in educa-
tion (p= 0.016) but this association was reversed when
controlled for age squared (+0.28 children, p= 0.042).
Hence poor education that might also be signified by
early onset of work could be a possible explanation of
the impact of early exposure but the reverse could also
be true: early pesticide exposure may be the cause of
the association between education and children. Un-
fortunately, information on age at first work in general
is lacking. Therefore, it can only be stated that early
work (before about 20 years of age) in conventional
coffee farming is associated with fewer children. Ex-
posure to endocrine disrupting pesticides is a plausi-
ble but not the only explanation of that finding. Need-
less to say, current age was treated as an independent

factor and a confounder of the association between
pesticides and children. As explained in the introduc-
tion a causal link between exposure and age cannot
be ruled out. In that case controlling for age would
not be justified because age then would not be a con-
founder but an intermediate.

Conclusion

Fewer children were observed in the group of pesticide
exposed workers in comparison to their non-exposed
peers. This difference was mostly driven by the age
difference between the groups but even after control-
ling for age a (non-significant) difference remained.
Ways to study that difference in spite of small sample
size and high correlation between age and exposure
indicators were explored. The clearest pesticide ef-
fect was seen when first pesticide exposure occurred
early in life, i.e. before the age of about 20 years. This
is in accordance with endocrine disruptive effects of
some pesticides. Direct causal effects are not the only
possible explanation of this observation but given the
overall scientific evidence, the most likely.

Author Contribution HM analyzed the data (statistics), MP
contributed to writing, HPH organized the fieldwork.

Funding Open access funding provided by Medical Univer-
sity of Vienna.

Compliance with ethical guidelines

Conflict of interest H. Moshammer, M. Poteser, and H.-
P. Hutter declare that they have no competing interests.

Ethical standards All investigations described in this
manuscript were carried out with the approval of the respon-
sible ethics committee and in accordance with national law
and the Helsinki Declaration of 1975 (in its current revised
form). Informed consent was obtained from each individual
by the trained interviewers. The study was approved by Cen-
tro Medico, Puerto Plata, D.R. (V02/15). Individual data are
not reported.

Open Access This article is distributed under the terms of
the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which per-
mits unrestricted use, distribution, and reproduction in any
medium, provided you give appropriate credit to the origi-
nal author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.

References

1. Kumar N, Singh AK. Trends of male factor infertility, an
important cause of infertility: a reviewof literature. J Hum
Reprod Sci. 2015;8(4):191–6. https://doi.org/10.4103/
0974-1208.170370.

2. Skakkebaek NE, Rajpert-DeMeyts E, Buck Louis GM, et al.
Malereproductivedisordersandfertility trends: influences
of environment and genetic susceptibility. Physiol Rev.
2016;96(1):55–97. https://doi.org/10.1152/physrev.00017.
2015.

K More pesticides—less children? 203

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4103/0974-1208.170370
https://doi.org/10.4103/0974-1208.170370
https://doi.org/10.1152/physrev.00017.2015
https://doi.org/10.1152/physrev.00017.2015


original article

3. Levine H, Jørgensen N, Martino-Andrade A, Mendiola J,
Weksler-DerriD,Mindlis I, et al. Temporal trends in sperm
count: a systematic review and meta-regression analysis.
Hum Reprod Update. 2017;23(6):646–59. https://doi.
org/10.1093/humupd/dmx022. Review. PubMed PMID:
28981654;PubMedCentralPMCID:PMC6455044.

4. CooperTG,NoonanE,vonEckardsteinS,AugerJ,BakerHW,
Behre HM, et al. World Health Organization reference
values for human semen characteristics. Hum Reprod
Update. 2010;16(3):231–45. https://doi.org/10.1093/
humupd/dmp048.

5. Landrigan PJ. Pesticides andHumanReproduction. JAMA
Intern Med. 2018;178(1):26–7. https://doi.org/10.1001/
jamainternmed.2017.5092.

6. Saadi HS, Abdollahi M. The importance of pesticides ef-
fects on human reproduction in farmers. Int J Pharma-
col. 2012;8(6):467–9. https://doi.org/10.3923/ijp.2012.467.
469.

7. Sikka SC, Wang R. Endocrine disruptors and estrogenic
effects on male reproductive axis. Asian J Androl.
2008;10(1):134–45.

8. Hutter H-P, Khan AW, Lemmerer K, Wallner P, Kundi M,
MoshammerH.Cytotoxicandgenotoxiceffectsofpesticide
exposure in male coffee farmworkers of the Jarabacoa
region, Dominican Republic. Int J Environ Res Public
Health. 2018;15(8):1641.

9. Hutter H-P, Kundi M, Lemmerer K, Poteser M, Weitens-
felder L, Wallner P, et al. Subjective symptoms of male
workerslinkedtooccupationalpesticideexposureoncoffee
plantations in the Jarabacoa region, Dominican Republic.
IntJEnvironResPublicHealth. 2018;15(10):2099.

10. Moshammer H, Khan AW, Wallner P, Poteser M, Kundi M,
Hutter H-P. Validity of reported indicators of pesticide
exposure and relevance for cytotoxic and genotoxic effects
on buccal cells. Mutagenesis. 2019;34(2):147–52. https://
doi.org/10.1093/mutage/gey043.

11. ChoiBCK.Definition,sources,magnitude,effectmodifiers,
and strategies of reduction of the healthy worker effect.
JOccupMed. 1992;34(10):979–88.

12. ShahD.Healthyworkereffectphenomenon. IndianJOccup
EnvironMed. 2009;13(2):77–9.

13. DenHondE,TournayeH,DeSutterP,OmbeletW,BaeyensW,
Covaci A, et al. Human exposure to endocrine disrupting
chemicalsandfertility: acase-control study inmalesubfer-
tilitypatients. EnvironInt. 2015;84:154–60.

14. CurtisKM, SavitzDA,WeinbergCR,ArbuckleTE. Theeffect
of pesticide exposure on time to pregnancy. Epidemiology.
1999;10(2):112–7.

15. Clementi M, TiboniGM, Causin R, La RoccaC,Maranghi F,
Raffagnato F, et al. Pesticides and fertility: an epidemio-
logical study inNortheast Italy and reviewof the literature.
ReprodToxicol. 2008;26(1):13–8.

16. HuY, Ji L, Zhang Y, Shi R,HanW, Tse LA, et al. Organophos-
phateandpyrethroidpesticideexposuresmeasuredbefore
conceptionandassociationswithtimetopregnancyinChi-
nesecouplesenrolledintheShanghaibirthcohort. Environ
HealthPerspect. 2018;126(7):77001.

17. Imai K, Yoshinaga J, YoshikaneM, Shiraishi H, MienoMN,
Yoshiike M, et al. Pyrethroid insecticide exposure and
semen quality of young Japanese men. Reprod Toxicol.
2014;43(1):38–44.

18. Li YF, Pan C, Hu JX, Li J, Xu LC. Effects of cypermethrin on
malereproductivesysteminadultrats. BiomedEnvironSci.
2013;26(3):201–8.

19. Ji G, Xia Y, Gu A, Shi X, Long Y, Song L, et al. Effects of
non-occupational environmental exposure to pyrethroids
onsemenqualityandspermDNAintegrity inChinesemen.
ReprodToxicol. 2011;31(2):171–6.

20. Martenies SE, Perry MJ. Environmental and occupational
pesticide exposure and human sperm parameters: a sys-
tematicreview. Toxicology. 2013;307:66–73.

21. Mehrpour O, Karrari P, Zamani N, Tsatsakis AM, Abdol-
lahi M. Occupational exposure to pesticides and conse-
quencesonmale semenand fertility: a review. Toxicol Lett.
2014;230(2):146–56.

22. Okamura A, KamijimaM, Ohtani K, Yamanoshita O, Naka-
muraD, ItoY,etal. Brokensperm,cytoplasmicdropletsand
reduced spermmotility are principalmarkers of decreased
spermquality due to organophosphorus pesticides in rats.
JOccupHealth. 2009;51(6):478–87.

23. PerryMJ. Effects of environmental andoccupational pesti-
cide exposure onhuman sperm: a systematic review. Hum
ReprodUpdate. 2008;14(3):233–42.

24. Sallmén M, Liesivuori J, Taskinen H, Lindbohm M-L,
Anttila A, Aalto L, et al. Time to pregnancy among the
wivesofFinnishgreenhouseworkers.ScandJWorkEnviron
Health. 2003;29(2):85–93.

25. Lifeng T, Shoulin W, Junmin J, Xuezhao S, Yannan L,
Qianli W, et al. Effects of fenvalerate exposure on se-
men quality amongoccupational workers. Contraception.
2006;73(1):92–6.

26. Xia Y, Han Y, Wu B, Wang S, Gu A, Lu N, et al. The relation
between urinarymetabolite of pyrethroid insecticides and
semenquality inhumans. FertilSteril. 2008;89(6):1743–50.

27. Das R, Banerjee M, Nan B, Zheng H. Fast estimation of
regressionparameters in a broken-stickmodel for longitu-
dinaldata. JAmStatAssoc. 2016;111(515):1132–43.

28. Diamanti-Kandarakis E, Bourguignon J-P, Giudice LC,
Hauser R, Prins GS, Soto AM, et al. Endocrine-disrupt-
ing chemicals: an endocrine society scientific statement.
EndocrRev. 2009;30:293–342.

29. Yucra S, Gasco M, Rubio J, Gonzales GF. Semen quality
inPeruvianpesticideapplicators: associationbetweenuri-
naryorganophosphatemetabolitesandsemenparameters.
EnvironHealth. 2008;7:59.

30. Multigner L, Kadhel P, Pascal M, Huc-Terki F, Kercret H,
Massart C, et al. Parallel assessment of male reproductive
function in workers and wild rats exposed to pesticides
in banana plantations in Guadeloupe. Environ Health.
2008;7:40.

31. Dribe M, Hacker JD, Scalone F. Socioeconomic status and
net fertility during the fertility decline: a comparative
analysis of Canada, Iceland, Sweden, Norway and the
UnitedStates. PopulStud. 2014;68(2):135–49.

32. ZhengY, Yuan J, XuT,ChenM,LiangH,ConnorD, et al. So-
cioeconomic status and fertility intentions amongChinese
womenwithonechild.HumFertil. 2016;19(1):43–7.

33. Rettaroli R, Samoggia A, Scalone F. Does socioeconomic
status matter? The fertility transition in a northern
Italian village (marriage cohorts 1900–1940). DemRes.
2017;37:455–92.

Publisher’s Note Springer Nature remains neutral with re-
gard to jurisdictional claims in published maps and institu-
tional affiliations.

204 More pesticides—less children? K

https://doi.org/10.1093/humupd/dmx022
https://doi.org/10.1093/humupd/dmx022
https://doi.org/10.1093/humupd/dmp048
https://doi.org/10.1093/humupd/dmp048
https://doi.org/10.1001/jamainternmed.2017.5092
https://doi.org/10.1001/jamainternmed.2017.5092
https://doi.org/10.3923/ijp.2012.467.469
https://doi.org/10.3923/ijp.2012.467.469
https://doi.org/10.1093/mutage/gey043
https://doi.org/10.1093/mutage/gey043

	More pesticides—less children?
	Summary
	Introduction
	Material and methods
	Recruitment
	Statistical considerations

	Results
	Discussion
	Conclusion
	References


