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ABSTRACT

Objectives This study was carried out in response to health authorities' concerns
regarding what they considered to be a "high proportion" of hirth defects (BD) in a rural
Venezuelan state as the preliminary step towards subsequent health assessment
regarding exposure to pesticides and possible association with registered BD.
Methods This was a cross-sectional descriptive study. Generalised linear modelling
(GLM) was used for relating BD with county of origin and the date of the events. Pesticide-
use reports were used for assessing exposure to pesticides. Infants' medical records
for 1999-2002 were obtained from the state hospital. The study group consisted of 108
BD cases from 8 municipalities.

Results The cardiovascular system had the highest frequency (20,4 %) of BD, followed
by the gastro-intestinal (18,5 %) and urogenital systems (10,2 %). Anilides were the
most frequently used group of liquid pesticides (39,8 %), followed by phosphono-
methyl-glycine (19,6 %). The most commonly used solid pesticides were
organophosphates (54,4 %). GLM revealed some significant results; the number of
BD increased exponentially throughout the years being studied.

Conclusions A causal association between BD and potential pesticide exposure could
not be demonstrated due to data limitations. A more in-depth exposure assessment
and epidemiological studies are still needed for characterising the risk of exposure to
pesticides in terms of birth outcomes in the area being studied.

Key Words: Congenital malformation, pesticide, exposure, Venezuela (source: MeSH,
NLM).

RESUMEN

Objetivos En respuesta a la preocupacion de autoridades de salud en lo que
consideraban un "alto indice de BD" en un Estado rural en Venezuela, se condujo un
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estudio preliminar para una evaluacion posterior relacionada con los BD registrados
y su posible asociacién con exposicion a plaguicidas.

Métodos Estudio descriptivo de corte transversal. Se us6 un modelo linear generalizado
(GLM) para asociar BD con municipio de origen y fecha del evento. Para evaluar la
exposicion a plaguicidas, se usaron los registros de ventas. Se obtuvieron los registros
médicos del Hospital estadal (1999-2002). El Grupo estudiado estuvo conformado
por 108 casos de 8 municipios.

Resultados El sistema cardio-vascular resulté con la frecuencia mas alta de BD
(20,4 %), seguido por el gastro-intestinal (18,5 %) y el urogenital (10,2 %). El grupo
mas utilizado de plaguicidas liquidos fue el de las anilidas (39,8 %) seguido por
fosfono-metil-glicina (19,6 %). Los sdlidos mas empleados fueron los
organofosforados (54,4 %). El GLM mostré algunos resultados significantes
observandose que el niumero de BD aumentd exponencialmente a través de los
afios en estudio.

Conclusiones Debido a las limitaciones de los datos, no se pudo demostrar una
asociacion entre BD y exposicion potencial a plaguicidas. Se requiere un estudio de
exposicion y epidemiolégico mas profundo para caracterizar riesgo de exposicién a
plaguicidas en términos de produccion de malformaciones congénitas en el area.

Palabras Clave: Anomalias, exposicion a plaguicidas, Venezuela (fuente: DeCS,
BIREME).

enezuela (like other developing countries) has serious problems due to

pesticides' environmental and occupational effects; it is also limited in

regulating their use and enforcing health and safety measures (1-3).Pesti-
cides' developing toxicity may affect human reproduction; this has been shown in
numerous epidemiological studies associating exposure to pesticides at work or
in the home with an increased risk of several types of congenital malformations
occurring, such as spontaneous abortion, growth retardation, structural birth defects
or functional deficits (4-10).

Some health authorities have been concerned about what they consider to be
a"'high proportion™ of congenital birth defects (BD) ina farming state in Venezuela
where high amounts of pesticides are used. They have also been concerned
about the possible association between parents' exposure to pesticides and the
occurrence of such BD. This article arose from a preliminary investigation in
response to these concerns.

Congenital malformations registered at the San Carlos state hospital were
thus characterised, as were the type of pesticides being used in the area and an
attempt made to see whether pesticide use could be associated with the
aforementioned increased risk of adverse pregnancy and birth outcomes in the
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Venezuelan state of Cojedes. This preliminary investigation identified the
pesticides used and BD records as the preliminary step towards a subsequent
health assessment study regarding pesticide exposure and its possible association
with registered congenital malformations, thereby leading to better control and
preventative exposure measures being taken.

METHODS

The study was carried out in the rural Venezuelan state of Cojedes. The
investigation included a review of infant medical records and potential parental
exposure to pesticides. The data regarding congenital BD consisted of records
obtained from the registrar's department at the San Carlos hospital in the capital
of the state of Cojedes (1999-2002) including mothers' data (name, age, address,
occupation, age at conception, smoking, history of illness (diabetes, hypertension),
the number of pregnancies, history of spontaneous abortion, medicines used),
type of BD, babies' data (name, date of birth, gender, gestational age, cephalic
circumference, size, weight, etc).

A total of 119 BD records were reviewed, covering January 1999 to
December 2002. Eleven cases were excluded from the analysis because
important data was missing; 108 cases (68 male, 40 female) were then studied.
Congenital malformations were categorised according to CIE-10 (11).

A list of the pesticides used for agricultural applications from 1999-2001
was obtained from the main retailers and the Ministry of Agriculture's regional
office containing information about commercial name, active ingredients,
formulation and amount sold. No accurate information regarding pesticides
sold during 2002 could be found. 2001 information was taken based on the
presumption that pregnancy lasts 9 months and that most parents' potential
exposure to agrochemicals (having children born during 2002) must have
occurred in that year. Pesticides' common names (12), the Pesticide Action
Network Database (13) and the Venezuelan Agricultural and Livestock Index,
2005 (14) were consulted for categorising agents into groups having similar
physicochemical properties.

Statistics:

This was a cross-sectional, descriptive study. Generalised linear modelling
(GLM) was used for relating hospital-registered cases of BD with their county
of origin and the year when they were reported. The Poisson regression
statistical model was used for estimating the relationship between BD and
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county of origin, thereby correlating risk factors and health indicators. Poisson
regression and other types of GLM (15) have contributed towards developing
association tools including information provided by geographical units (counties
in this case) regarding risk factors. Analysing diseases rates takes the number
of cases of a particular disease/event (Y, ) and the specific area (A) where
the event occured into account. The set of areas {A }, i=1,..., n represents a
partition of the region being studied. Supposed Poisson distribution of events is
(Y;)- As the events (BD) in this study were considered to be "rare” and the
Poisson distribution represented a good approximation of binomial distribution
then it could be deduced that the risks in each county had a Poisson distribution.
Local variability of BD/counties were thus modelled as follows: Y, ~ Poisson
(L), independently for i=1,..., n; where A, (the number of expected cases per
county) represented the parameter of interest, called relative risk. This estimated
a high or low probability of the event being studied in area i. Y, Y,,....Y ,
represented the number of BD occurring in each county with i=1, 2,...., n.
These tendencies can be modelled by establishing a relationship explaining
how relative risk (A,) varied in each county. If A, = i®, then such relationship
was equivalent to considering a link function: g(Ai) = log(i), i.e. we have
g(A) = XTB GLM, where log(i) = X contained the covariates being measured
in each county (date of event, gender of children suffering BD, etc). As the
geographical pattern was known, GLM was used for proving the hypothesis of
a correlation between BD, county and date of event, as follows:

a(A) = B,+B, county, + 3 county >+ 3, date, + [3, county, " date, + B.county **
date + ¢,
Where g(A.) = number of BD/county.

RESULTS

Table 1 gives the study population’s characteristics. Table 2 presents the distribution
of children having congenital malformations according to county of origin, date of
birth and gender. Table 3 describes the distribution of children having congenital
malformations according to type of malformation and year (1999-2002) and Table
4 describes congenital malformation according to the type of system suffering
such malformation. BD prevalence was 0,76 % for 1999, 0,39 % for 2000, 0,97
% for 2001 and 1,18 % for 2002, giving a 0,67 % average over the 4 year period.

Anilides was the most frequently used liquid pesticide group (39,8 %) followed
by phosphono-methyl-glycine (19,6 %), pyridines (6,8 %) and pyrethroids (6,3
%). Solid pesticides more common used were organophosphates (54,4 %),
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followed by highly toxic carbamates (11,9 %) and urea and related compounds

(11,7 %).

As mentioned, one of the main objectives of the study was to analyze the
potential association between BD and pesticides use in Cojedes State. Due to lack
of important data we could not measure such association. However, we correlated
number of BD with their incidence in each county. Using the GLM and considering
the Poisson link-function (from the R statistical package), our results led to proving
the H_: . =0 hypothesis againstH, : . # 0, for j=1, 2,....., n. In this case, the
following relationships with BD proved statistically significant: county; county*county;
county*date and county*county*date (Table 5).

Table 1. Characteristics of the study population

Variable i o MMean £ 50 Range
County of origin
Zan Carlos 80 483 A A
Other counties 34 35 A MA
Me infammation 24 222 A A
Mothers' data
Age (years) 108 100 24 £ 6,36 15-41
Geslational age [weeks) 108 100 38,06 + 2,97 28-43
Children's data
Size [cm) 108 100 0.4 + 480 32-60
Weight {grams) 108 100 3027.96 £ 630,81 1240-47 00
Mothers' haalth
Mathers having suffered one 3 27 MA MA,
abortion
Mathers having suffered two 1 08 MA MA
abarlions
Mathers suffering from diabetes 2 1,74 BA A
Mathers suffaring from 4 A48T A A
hypertension
Mathars wha smoked 3 2.7 WA MA

NA: Mot applicable

Table 2. Distribution of children having congenital malformations according to
county of origin, date of birth and gender

Crounty 1999 2000 2001 2002 bakz  Famala m Total y
San Carlos T T 18 1B 249 21 50 463
Tinacs B 2 1 2 10 1 11 10.2
R. Gallegos 5 1 2 3 a8 3 1 102
Anzoabesgui 1 1 1 1 2 2 i 3.7
Pao de SJB 1 2 1 1 2 3 5 4.8
Fhicaure 0 a [0 1 1 o 1 0.2
Tirnagquilka 1 1] ] 0 ] 1 1 0.9
Lima Blanco 0 0 1 0 ] 1 1 0.4
Mo information 4 0 ¥ 13 16 3} 24 2.2
Tatal 25 13 31 30 BB A 108 100.10
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Table 3. Distribution of children having congenital malformations according to
type of malformation and year. Cojedes state, 1999-2002

Congenital Total

1998 2000 2001 2002

malformation # [
Cardiopathy 1 4 & 4 15 13,89
Pylaric hyperrophy 0 1 3 a 4 3.7
Downs' syndrome 2 2 1] ] 4 3.7
Cleft palate K] ] 1 3 4 3.7
Imperforate anus 1 L] L] 3 4 3.7
Pylaric stenosis 3 0 o ] 3 2,78
Cheilopalatoschisis 0 L] 1 2 3 2,78
Cryptorguidism 0 1 1 1 3 278
Renal 1 1] 1 1 3 2,78
Hip dislocation 1 0 0 1 2 1,85
Hydrocephalus 0 1 1 a 2 1,85
Oesophageal [u} o 1 1 2 1.85
athrepsia
Myelomeningocele 1 1] 1 a 2 1.85
Hypospadias [u] 0 o 2 2 1.85
Intestinal athrepsia 2 0 LU Q0 = 1.85
Cardiopathy and
cryplorguidism 1 0 1 ] 2 1.85
Dextrocardio/cardiop 1 0 1 0 2 1,85
Hydrocephalus!
myelomeningocale [u] 1 o 1 2 1.85

Sub-total 14 10 18 19 81 56,48
Other malformations
{fraquancy 1 each ik 3 13 20 47 43,52
type)

Total 25 13 31 38 108 100

Table 4. Distribution of children having congenital malformations according to
system of malformation and year. Cojedes state, 1999-2002

System 1909 2000 2001 2002 — O "
Cardicvascular 2 4 ] T 22 20,37
Gastrointestinal tract ] 1 h ] 20 18,52
Urogenital 3 1 4 3 1 10,18
Face 1 1 2 9 a9 8,33
Menmous sysiem 2 2 a 2 9 833
busculoskelatal 3 1 2 2 & 741
Chromosomal 2 2 ] [i] 4 3.r0
Palabe 0 o 1 3 4 3.70
Ciral cawity L] o 2 1 3 278
Lips 0 0 1 2 3 2 TR
Palatafipface 0 ] ] 2 2 1,85
Cardicvasculanuragenital 1 0 1 0 4 1.85
Mermus system § musculoskeletal L 1 1 1] 2 1.85
Sub-total 20 13 3 35 99 81,67
Other malformations (frequency 1 5 o o 4 o 8,33
aach typa]

Talal 25 13 31 38 108 100000
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Table 5. Results of the fitted-GLM

Coafficients Estimate Sid, Error zvalue  Pr(=|z])

{Intarcept) 1. 780e+01 2. 694a+02 0066 0.947309
County -1.8386a+03 9.501a+02 -1.832 0053339
County*county -4 103e+03 1.215a+03 3377 0.000732
Date =8, 569e=03 1.347e-01 =, 05 0548572
Counly*dale 9. 164e-01 4. 74Be-01 1.930 D.053578

County"county™dale #0500 607 3e-01 3.382 0.0007 21

DISCUSSION

Average prevalence during the 4 years studied (0,67 %) was consistent with
the only other prevalence study (1972-1981) found pertaining to this hospital
(0,72 %). A rate of 13,76 per 1 000 inhabitants was found in the same studly,
being quite higher than that found in the present study (6,74 per 1 000
inhabitants)®.

Records contained no information about fathers' occupations; there was no
information regarding the occupation of 80 of the mothers (74,1 %). However,
it is known that parents' potential exposure to agrochemicals can be just
environmental or occupational, through air and oral routes or via contaminated
work clothing (6,16). Contaminated paternal seminal fluid can lead to eventual
effects on a foetus (17). The literature report women living in communities
having drinking-water contaminated by pesticides, leading to an increased risk
of retarding intrauterine growth. This has been shown with herbicides such as
cyanazine, metolachlor and atrazine (the latter has been reported as being used
in the region being studied) (4). However, it is not known whether the parents'
exposure was rather small and negative results should therefore be interpreted
with caution.

The study had some limitations.

. The case-histories were not complete. There was an absence of data
regarding potential parents' exposure, which could have led to
misclassification. Itis very important that both maternal and paternal exposure
be considered. Ifatoxin is present in paternal seminal fluid then intercourse
during pregnancy can lead to systemic maternal absorption of such toxin
and an eventual effect on the foetus (16).

! Lozada O. [Malformaciones congénitas en el Hospital General de San Carlos. 1972-1981].
Graduate Thesis. Medicine School. San Carlos extention. University of Carabobo. 1985.
Located at: Health Sciences Faculty library. UC. Valencia. Venezuela.
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. The timing of exposure is also important when assessing pesticides'

reproductive and developmental effects; we lacked such information.

The lack of data regarding parents' occupational or environmental exposure
made it more difficult to establish a possible cause-effect relationship. However,
Cojedes isan agricultural state and we relied on regional indicators for pesticide
sales-use for commercial applications and related reports. Whilst it is difficult
to rule out any particular exposure leading to these birth defects, the fact that
the diversity of the malformations involved and 76,9 % of liquid pesticides and
80% of solid pesticides used in the area not being known to be teratogenic does
not support a causal association between BD and potential pesticide exposure.
Endosulphan, chlorothalonil, methomyl and benzimidazole are examples of
common pesticides known to be BD-inducers in animals and/or humans which
have been reported as being used in the area (6,18-19). The data also showed
the counties' asymmetry in terms of the number of BD, which also made it
more difficult to arrive at definitive conclusions.

Table 5 shows the different significant associations found in each county
studied, in spite of previous uncertainties in establishing a causal association
between BD and potential pesticide exposure. It also shows that the number
of BD increased exponentially throughout the years being studied. Other
important contributing factors to BD cannot be excluded such as socio-economic,
nutritional, multi-exposure and medication factors; these will be considered in a
future study. A more in-depth assessment of exposure, accompanied by
epidemiological studies, is still needed for characterising the risk of exposure to
pesticides in terms of birth outcomes in the given area «
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