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TABLE 3. Time periods of exposure to activities and pesticides among mothers and fathers of selected
cases and controls born in eight public hospitals in Comunidad Valenciana, Spain, 1993-1994

Cases Controls
o - ___A(g_=261)"_ o (n=261)
Mothers Fathers Mothers Fathers
Acute Nonacute Acute Nonacute  Acute Nonacute Acute Nonacute
risk risk risk risk risk risk risk risk
periodt,¥ period§,} period period period period period period
Activity
Pesticide application 0 3 38 26 1 4 31 25
Agricultural work 15 72 26 66 7 80 23 78
Otherq] 11 33 5 6 11 26 3 3
Never involved 127 90 134 93
Pesticide handling
Yes 2 7 47 36 1 3 33 28
Never 251 173 257 195

* All selected malformations combined: nervous system (n = 37), cardiovascular (n = 117), oral clefts (n = 18),
hypospadias/epispadias (n = 18), musculoskeletal (n = 79), unspecified anomalies (n = 14); there are cases with
defects pertaining to mere than one group of malformations.

1 1 month before conception through the first trimester of pregnancy for the mother and 3 months before
conception through the first trimester of pregnancy for the father.

1 Some interviewees did not remember the exact time period of exposure and were therefore excluded.

§ Before the period covered by the acute risk period and during the second trimester of pregnancy (only three
fathers were exclusively exposed during the second trimester of pregnancy).

9 Includes involvement in other activities with a potential for pesticide exposure (e.g., gardening, wood treat-
ment, pesticide marketing, forestry, white collar work in pesticide plants, fruit and/or vegetable processing, and

sanitation).

odds ratios for reported exposure during either the
acute risk period or the nonacute risk period. However,
a slight increase in risk was observed for fathers who
directly handled pesticides.

When exposure related to direct handling of pesti-
cides was analyzed by using as the unexposed refer-
ence group those interviewees who had never been
involved in any activity with a potential for exposure
(including mainly agricultural activities without direct
handling of pesticides), the adjusted odds ratio for
direct maternal handling of pesticides was 3.35 (95
percent CI 0.80-14.07). Maternal adjusted odds ratios
for the nonacute and acute risk periods were 3.82 (95
percent CI 0.67-21.83) and 2.47 (95 percent CI
0.20-30.84), respectively. When this reference group
was used for the fathers, the adjusted odds ratios were
1.40 (95 percent CI 0.82-2.37) for ever handling pes-
ticides and 1.33 (95 percent CI 0.69-2.56) and 1.48
(95 percent CI 0.75-2.90) for exposure during the
nonacute and acute risk periods, respectively.

Some additional analysis was carried out by includ-
ing variables of exposure for the mothers and fathers in
the same models. The results were not substantially
different from those observed in the previous analysis.
A combined index of exposure was created by com-
paring couples in which neither parent was ever
involved in any activity with a potential for exposure
(n = 120) with couples in which only one parent was
ever involved in any such activity (n = 264, adjusted

Am J Epidemiol Vol. 149, No. 1, 1999

OR = 1.28, 95 percent CI 0.77-2.14) and with couples
in which both parents were ever involved (n = 138,
adjusted OR = 1.30, 95 percent CI 0.71-2.37). A simi-
lar approach was applied to the handling of pesticides;
couples in which neither parent had ever handled pes-
ticides (n = 368) were compared with couples in which
only one parent had ever handled pesticides (n = 147,
adjusted OR = 1.42, 95 percent CI 0.90-2.25) and with
couples in which both parents had ever handled pesti-
cides (n = 7, adjusted OR = 5.94, 95 percent CI
0.59-59.55).

A descriptive analysis by groups of congenital mal-
formations was performed for maternal involvement in
agricultural work and for direct paternal handling of
pesticides. The distribution of discordant pairs for
groups of congenital malformations according to these
variables is shown in table 6. For maternal involve-
ment in agricultural work, the number of discordant
pairs that included those mothers of cases who had
ever been exposed versus discordant pairs that includ-
ed those mothers of cases who were unexposed was
higher for every type of defect but was the highest for
nervous system defects, oral clefts, and multiple anom-
alies. When we considered maternal exposure during
the acute risk period. multiple anomalies had the
strongest association, although the small numbers did
not enable a proper analysis at this level. Regarding
direct paternal handling of pesticides, nervous system
defects and musculoskeletal defects had the highest
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TABLE 4. Results of univariate and multivariate analysis for reported involvement in agricultural work
and/or pesticide application and all selected malformations, Comunidad Valenciana, Spain, 1993-1994

Exposure Wald

Odds 95%

variable test* ratio} G?nr:gieaﬁe
Mothers
Univariate model
Agricultural work (ever)t 0.744 1.07 0.72-1.58
Multivariate model§
Agricultural work (ever)t 0.430 1.20 0.76-1.90
Multivariate model§
Agricultural workt
During nonacute risk periodf| 0.823 1.06 0.65-1.70
During acute risk period# 0.031 3.16 1.11-9.01
Fathers
Univariate model
Agricultural work (ever) 0.805 0.95 0.62-1.45
Pesticide application (ever) 0.649 11 0.70-1.76
Multivariate model§
Agricultural work (ever) 0.913 1.03 0.63-1.67
Pesticide application (ever) 0.840 1.06 0.62-1.81
Multivariate model§
Agricultural work
During nonacute risk period 0.618 0.87 0.51-1.50
During acute risk period 0.281 1.50 0.72-3.13
Pesticide application
During nonacute risk period 0.666 117 0.57-2.39
During acute risk period 0.924 1.04 0.51-2.09

* Two-tailed p values from Wald test for exposure variables in the models.
T The numbers of exposed parents of cases and controls in each category are given in table 3; odds ratios and
95% confidence intervals were obtained from conditional logistic regression models.

¥ Includes applicators and agricultural workers.

§ Adjusting by maternal and paternal confounders: spontaneous abortion (mother), twins (index pregnancy),
drug use during pregnancy (mother), heavy smoking during pregnancy (mother), education (mother), industrial

work (father), and age >40 years (father).

9] Before the period covered by the acute risk period and during the second trimester of pregnancy (only three
fathers were exclusively exposed during the second trimester of pregnancy).

# 1 month before conception through the first trimester of pregnancy for the mother and 3 months before
conception through the first trimester of pregnancy for the father.

number of discordant pairs that included the exposed
fathers of cases.

DISCUSSION

The power of this study to detect a significant odds
ratio of 23.00 for maternal involvement in agricultural
work during the acute risk period and all selected con-
genital malformations was a relatively low 0.33 (sig-
nificance level, 0.05) (37). For fathers, there was a
similar power to detect a significant odds ratio of
21.50 between handling pesticides during the acute
risk period and all selected congenital malformations.
For fathers who had ever handled pesticides, this same
power was 0.55. The analysis by maternal handling of
pesticides and by groups of congenital malformations
was very limited by small numbers. In this study, sig-

nificant associations were observed for maternal
involvement in agricultural activities during the acute
risk period. The risk for reported paternal handling of
pesticides was increased as well, although the increase
was not statistically significant.

Only those infants who were born alive and were
admitted to the hospital were included in this study.
The limitations of using this approach for surveillance
of human teratogens have been discussed thoroughly
elsewhere (38, 39). An association between a risk fac-
tor and a birth defect can be observed if that factor
decreases the probability of early loss of defective con-
ceptuses, substantially increases the probability of
early loss of conceptuses without the defect, or is an
actual determinant of the abnormality. Studies based
on births cannot differentiate between these various
explanations. In this study, the effect of prenatal selec-
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TABLE 5. Results of univariate and multivariate analysis for reported direct handling of pesticides and
all selected malformations, Comunidad Valenciana, Spain, 1993-1994

95%

O?ds confidence
ratiot intervalt
250 0.78-7.97
2.66 0.67-10.64
2.88 0.50-16.41
1.87 0.16-22.26
1.50 1.02-2.22
1.49 0.94-2.35
1.62 0.86-3.05
1.48 0.82-2.68

Exposure Wald
variable test¥
Mo_thers o
Univariate model
Direct handling of pesticides (ever) 0.121
Multivariate modelf
Direct handling of pesticides (ever) 0.166
Multivariate modelt
Direct handling of pesticides
During nonacute risk period§ 0.235
During acute risk periodf| 0.622
Fathers
Univariate model
Direct handling of pesticides (ever) 0.042
Muitivariate modelt
Direct handling of pesticides (ever) 0.087
Multivariate modelf
Direct handling of pesticides
During nonacute risk period 0.134
During acute risk period 0.195

* Two-tailed p values from Wald test for exposure variables in the models.
T The numbers of exposed parents of cases and controls in each category are presented in table 3; odds ratios

and 95% confidence intervals were obtained from conditional logistic regression models.

 Adjusting by maternal and patemnal confounders: spontaneous abortion (mother), twins (index pregnancy),
drug use during pregnancy (mother), heavy smoking during pregnancy (mother), education (mother), industrial

work (father), and age >40 years (father).

§ Before the period covered by the acute risk period and during the second trimester of pregnancy (only three
fathers were exclusively exposed during the second trimester of pregnancy).
1l 1 month before conception through the first trimester of pregnancy for the mother and 3 months before
conception through the first trimester of pregnancy for the father.

TABLE 6. Distribution of discordant pairs* by major groups of congenital malformations, Comunidad Valenciana, Spain,

1993-1994
Malformationt
h;e;\tag;s Cardiovascular Cﬂ'ﬁ;,gf Hypospadias/ Musculoskeletal  Unspecified Multiple
d);fects defects palate epispadias defects anomalies anomaliest
(n=37) (n=117) (n=18) (n=18) (n=79) (n=14) (n=135)
+— —i+ +— —+ +/—- —i+ +/— —/+ +— i+ +— —/+ +— —/+
Mothers
Agricultural work (ever) 9 5 20 18 5 1 4 2 12 11 3 2 11 3
Agricultural work (during
acute risk period)§ 2 1 4 2 2 0 1 0 1 1 0 0 4 1
Fathers
Pesticide handling (ever) 12 1 26 22 3 3 5 4 19 13 1 2 4 1"
Pesticide handling (during
acute risk period)§ 7 1 13 16 2 0 2 2 1 6 1 0 3 8

* 4+/—, exposed parent of case and unexposed parent of control; —/+, unexposed parent of case and exposed parent of control.
t Intemnational Classification of Diseases, Ninth Revision codes: nervous system defects, 740.0-742.9; cardiovascular defects, 745.0-747.9 (excluding
746.9); cleft lip and/or palate, 749.0-749.2; hypospadias/epispadias, 752.6; musculoskeletal defects, 754.0-756.9 (excluding 754.3); unspecified anomalies,

| 759.7-759.9.

| } More than one defect from different groups of malformations.
§ 1 month before conception through the first trimester of pregnancy for the mother and 3 months before conception through the first trimester of pregnancy

| for the father.

tion could have affected the risk estimates if the prob-
ability of being born alive was related to exposure sta-
tus and was different for cases and controls in the base
population.
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In hospital-based case-control studies, differential
referral patterns can be a source of selection bias if they
are related to the exposure (37, 40). Every inhabitant
requiring medical assistance in Spain is referred to a
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specific public hospital, depending on the area of resi-
dence (the catchment area for that hospital). The base
population for this study was defined by deliveries of
infants in selected public hospitals in agricultural areas.
Cases and controls were chosen from the same hospi-
tals; hence, they were representative of the same popu-
lation experience (41). A differential referral is possible
if cases at private hospitals are prenatally diagnosed
with congenital malformations and are delivered at the
hospitals selected for the study, as some of these hospi-
tals are reference centers that have the medical
resources and highly qualified staff necessary for com-
plicated deliveries and births. However, because con-
trols include other complicated births as well, controls
would follow the same pathway from private to public
hospitals, and it is reasonable to expect some compen-
sation for this potential “differential referral” effect.

Using hospital records as a source for congenital mal-
formations and other relevant information is not prob-
lem free. The information recorded and the record-
keeping methods may vary among physicians and
among hospitals (42, 43). The optimum time for admis-
sion (and subsequent treatment) of cases can vary
because of different medical opinions and is not stan-
dardized clearly. Underascertainment of defects can
especially affect the recording of minor malformations,
but the reporting of major defects can be deficient as
well (44). Problems may also arise when two or more
defects are present, generally resulting in undernotifica-
tion of coexisting defects (45). However, any such
underascertainment is not likely to be related to expo-
sure status in this study: therefore, the risk estimates
should not be biased (46, 47).

Recall bias for exposure or related to other variables
of interest is a well-known problem in case-control stud-
ies of pregnancy outcomes (48). Recall bias could main-
ly affect factors suspected to be related to the outcome
(49). However, we can reasonably assume that agricul-
tural work would not frequently be perceived as a risk
factor for congenital defects among this study popula-
tion. Regarding direct handling of pesticides, interview-
ees’ perception of the risk is more likely. Additionally,
differential bias is more frequent as general inaccuracies
in recall increase for both cases and controls (50).
Indeed, highly structured questionnaires and skilled
interviewers are considered to protect against differen-
tial recall of exposure (51), and these points were care-
fully addressed in our research. A short time period
between the interview and the period of interest is also
considered to decrease the probability of nondifferential
recall (50, 51). For this study, the acute risk period
extended to a maximum of 4 years before the interview.

‘We observed that maternal involvement in agricul-
tural activities during the acute risk period was associ-

ated with a threefold increase in the risk of having a
child with at least one of the defects selected for study
(adjusted OR = 3.16, 95 percent CI 1.11-9.01). There
was no increase in risk for mothers who were involved
in agricultural activities during the nonacute risk peri-
od. The increased risk remained almost unaffected
when controlling by paternal involvement in agricul-
tural activities (adjusted OR = 2.84). Pesticide expo-
sure is still likely in agricultural work without directly
handling pesticides. Entering a field after it has been
treated with pesticides can be a major source of expo-
sure, as residues are present on foliage and soil for
some time after spraying (52). Although the level of
exposure is usually lower during reentry than during
other activities involving direct handling of pesticides,
reentry is a much more frequent activity and usually
involves many more hours (53). On the other hand,
other factors related to agricultural activities, such as
infections and physical stress, and other nonpesticide
chemicals, such as fertilizers, can potentially act as ter-
atogens. Exposure to these factors was not assessed in
this study.

Previous epidemiologic research has yielded incon-
sistent results on the association of maternal involve-
ment in agricultural activities and/or occupational
exposure to pesticides with birth defects. Significant
associations have been observed with all congenital
malformations (13, 25, 26). developmental defects
(14), and orofacial clefts (30). An association between
maternal exposure to pesticides and neural tube defects
also has been described (32, 54). Tikkanen et al. (15,
16) have studied occupational risk factors for cardio-
vascular defects and have not found a relation with
maternal agricultural work, although they had a small
number of mothers who were exposed.

Male-mediated teratogenesis has been postulated
repeatedly, although conclusive evidence for humans
is not yet available (4, 5, 7, 55, 56). Several studies
have assessed paternal agricultural work and/or occu-
pational exposure to pesticides as risk factors for con-
genital malformations in the offspring. Significant
associations were observed for all congenital malfor-
mations in a study of applicators in cotton fields in
India (27) and a study of floriculture workers in
Colombia (25, 26). In our study, a small increase in the
risk for direct paternal handling of pesticides was
observed, although the adjusted odds ratio was not sig-
nificant. Classification by time period of exposure had
little effect on the magnitude of the risk.

The results from this study add to existing evidence
of the association between maternal agricultural work
and congenital malformations. The increased risk
appears to be related to several distinct groups of
defects, although a larger study is necessary to ade-
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quately assess the magnitude of the risks for specific
malformations. If pesticides are responsible for the
observed association, the increased risk may be relat-
ed to relatively low levels of maternal exposure (that
derived from agricultural work without clear, direct
handling of pesticides), and this detail should be
taken into account. For the fathers, our data suggest
that simple involvement in agricultural work does not
increase the risk, especially given the absence of an
association with the more highly exposed group of
pesticide applicators during the acute risk period.
However, a small increase was related to direct pater-
nal handling of pesticides, although the adjusted odds
ratio was not statistically significant. Further studies
are needed to determine which specific pesticides, if
any, are involved in the increased risk of birth
defects.
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